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There is a greatly heightened sense of awareness amongst politicians, policymakers, 
researchers and the general public that water security is a new and emerging threat. 
Just in the past few years, a number of high-level meetings involving the world’s 
leaders and thinkers have focused on water security. With water security now 
commanding global attention, specific questions are posed on the likelihood of armed 
conflict and war over shared water resources, on the continuing availability of water 
resources to produce sufficient food for 9 or 10 billion people, on the probability of 
providing safe drinking water to every man, woman and child, and on the impact 
of climate change to create extreme water events – such as typhoons, floods and 
droughts – for which we are not prepared. By bringing together inputs from the 
world’s leading thinkers, experts, practitioners and researchers, the Water Security 
in a New World series aims to provide evidence-based and policy-relevant responses 
to these and many other questions related to water security. The volumes in this series 
will provide in-depth analysis of the various dimensions of water security and are 
meant to be used by researchers, policymakers and practitioners alike. 
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Pacific leadership must be supported 

Global climate targets and the call to action from the Pacific must be heeded 
while major environmental, societal and economical progress is needed in the 
region. Leadership from Pacific Island Countries and Territories needs to be 
supported with action and resourcing to meet both global net zero goals and 
regional SDGs. 

This volume applies the water, energy, and food security nexus approach 
solely in a Pacific context for the first time, bringing together the region’s 
17 countries and 7 Territories. This approach improves the security of each 
sector and supports regional climate and 
environmental priorities. Effective 
intersectoral solutions exist with 
connectivity between the water-food and 
water-energy sectors of particular benefit. 
Traditional knowledge and crop 
production have historically and will 
continue to play a major role in food 
security and water resources management 
in the region. Increased energy demand 
needs to be met with increased 
renewables installation as well as new 
technologies that encompass storage and 
transport considerations. 

Governments, decision makers, research communities, and 
practitioners dealing with water, energy, or food as well as the 
environment in the Pacific are invited to build on the findings of 
this volume and work together on Pasifika-led solutions for the 
region and the world. 

“Since wars begin in the minds of men and 
women it is in the minds of men and women 
that the defences of peace must be constructed” 

SHORT SUMMARY



Foreword by Hilda C. Heine 

In January 2020, I was sitting under a coconut tree at my house in Majuro in the 
Marshall Islands talking climate change with a journalist. I shared that water came 
over the seawall into my garden every month as a result of sea-level rise, bringing 
with it waste, debris, and high levels of salinity. 

I can now share that over two years later, the situation has gotten worse with the 
pandemic contributing to unaffordable energy prices at the fuel pumps and exorbitant 
costs of imported food items in the stores. At the same time, the continuing sea-level 
rise intensifies salinity levels in our water lenses limiting types of food crops that can 
be grown to sustain us. There is no question that the solutions are few and far between 
and are not coming fast enough to ease the lives and livelihoods of the vulnerable in 
our communities. 

While our talk was only two years ago, my sincere hope at the time was that we 
would see some real change being made by now to increase water, food, and energy 
security—not only in the Marshall Islands—but all over the Pacific. Our people, 
ecosystems, and economies have been grappling with these issues for decades, and 
it’s clear that while we have indeed had some small successes in specific areas, past 
approaches have not yet had the integrated impact we so gravely need. 

The concept of a water-energy-food (WEF) nexus approach that considers the 
Pacific’s unique needs and challenges is timely and an opportunity to be embraced. 
We know that we must keep progressing and pivoting when needed, and I read this 
publication with a great deal of hope and anticipation. The WEF approach carefully 
considers critical interdependencies and linkages in different regions of the Pacific 
which, without due regard, can set us back rather than moving us forward. 

We have the impetus and we have the evidence. Importantly, the WEF approach 
also considers cross-cutting issues such as gender; one that is close to my heart as I 
have experienced, seen, and continue to see the inequality facing women and girls 
in the Pacific—especially those in rural areas. Rural women already play a key role 
in sectors like agriculture and fisheries. If the WEF approach can empower these 
women to lead, the benefits will flow beyond water, energy, and food security to 
improve the social, economic, and political status of rural women and girls.
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viii Foreword by Hilda C. Heine

If we can make a commitment to the WEF approach through governance and 
policy, and if the right investment can be secured, we will be in a much better position 
to contribute to global agendas and secure a healthier, safer, and more prosperous 
future for all. Now is the time to be bold and take action. 

Majuro, Marshall Islands Senator Hilda C. Heine 

Hilda C. Heine was the 8th President of the Republic of the Marshall Islands from 2016 to 2020. 
She was the first Marshallese woman to hold this office and the first woman to lead an independent 
Pacific Island nation.



Foreword by Shahbaz Khan 

In this volume ‘The Water, Energy, and Food Security Nexus in Asia and the Pacific’ 
an overview of the sub-region is presented, and the nexus-concept is introduced. The 
volume is a part of a three-volume series to examine in an integrated manner the water-
energy-food nexus in the Asia and Pacific Region. It explores the socioeconomic 
implications of the nexus approach with a focus on cross-cutting issues, such as 
climate change, gender, urbanization, impacts on environment and economy, and 
transboundary issues. It provides new insights into nexus solutions in the region. 
This volume is of particular interest for Pacific Island Countries and Territories as 
well as small island developing states (SIDS) globally, highlighting the challenges 
and opportunities for SIDS. 

The islands in the vast Pacific Ocean have been home for people for tens of thou-
sands of years. Currently, there are ca. 43.7 million people living in this realm. 
The overall area includes Australia and New Zealand, Melanesia (Papua New 
Guinea, Solomon Islands, Fiji, Vanuatu, New Caledonia), Micronesia (Guam, Kiri-
bati, Micronesia, Northern Mariana Islands, Marshall Islands, Palau, Nauru), and 
Polynesia (French Polynesia, Samoa, Tonga, American Samoa, Cook Islands, Wallis 
and Futuna Islands, Tuvalu, Niue, Tokelau). Australia and New Zealand’s population 
has grown from ca. 10 million in 1950 to 31 million in 2020. In the same time-period, 
the number of people living in Melanesia combined grew from just over 2 million to 
more than 10 million, in Micronesia from just over 150,000 to more than 550,000, 
and from more than 200,000 to 700,000 in Polynesia. 

Especially for people living on small islands, the water, food, and energy avail-
ability has always been a major constraint to sustainable existence, but local knowl-
edge and traditional ways of life have allowed adaptability to both seasonal and 
multi-year La Niña-El Niño weather cycles. This difficulty has only increased due 
to the region now being integrated into the global economy, supporting growing 
and increasingly urbanized populations, and impacted severely by anthropogenic 
climate change issues. Many of these places now depend on the import of food and 
energy, providing supply-chain risks and major financial add-on costs over such vast 
distances, and are at the mercy of coastal infrastructure to sea-level rise and increas-
ingly severe major storm events. Often limited surface and groundwater resources
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x Foreword by Shahbaz Khan

place a major importance on rainfall to provide freshwater, especially so on low-lying 
islands and atoll nations, such as the Marshall Islands and Kiribati, with more than 
70% SIDS suffering from water shortages. 

It is highly advisable to look into water, food, and energy security in a concerted 
fashion, in a nexus, encouraging a dialogue and motivating a holistic approach for the 
management of these vital resources by the stakeholders that are involved, including 
producers, consumers, and regulators. 

This book and related analysis could be an important contribution to improve the 
situation. 

In order to achieve the ambitious tasks of the Sustainable Development Goals 
2 (Zero Hunger), 6 (Water, Sanitation and Hygiene), and 7 (Clean and Affordable 
Energy), all stakeholders need to do much more and be better coordinated than ever 
before. 

Actions to improve the situation will have to involve future generations; it has to 
involve women and men, and the youth, via education for sustainable development, 
as well as via scientific research into existing and innovative technologies, aimed at 
improving water, food, and clean energy management. 

It is time to re-adjust global, regional, national, provincial, and local priorities 
with a clear view toward those parameters that are of the greatest importance for 
human survivability. 

I thank the University of New South Wales Global Water Institute for the part-
nership, jointly producing this volume with UNESCO, and I congratulate the editors 
and authors of the volume for the production of this well-structured scholarly work, 
under the able leadership of Dr. Andrew Dansie, together with a formidable woman 
in science, Dr. Heidi Alleway (The Nature Conservancy). 

Prof. Shahbaz Khan 
Director, UNESCO Office in Beijing, 
and former Director, Regional Science 

Bureau in Jakarta
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Chapter 1 
An Introduction and Overview 
to Building Water, Energy, and Food 
Security in the Pacific Using a Nexus 
Approach 

Andrew Dansie, Heidi K. Alleway, and Benno Böer 

An integrated approach to improve progress towards the UN 
SDGs and a Net Zero Future that supports environmental, 
societal and economic prosperity in the Pacific. 

Abstract The Pacific is not on track to achieve any of the SDGs by 2030 with 
major progress needed across each of the environmental, societal, and economical 
realms. Progress towards certain SDGs should not come at the expense of others and 
adding further complexity, new methodology are now also being developed to meet 
more recent national targets under the 2050 Paris Agreement net zero greenhouse gas 
emission aspirations. A water, energy, food (WEF) nexus approach provides a frame-
work with which to increase the security of each of the three sectors, underpinned by 
a healthy environment and recognizes the role and need for functioning ecological 
services. The blue carbon market offers a particularly well-suited opportunity for the 
Pacific to combine sound environmental stewardship with economic opportunity and 
follow-on societal benefits. This unique ‘blue continent’ of islands and archipelagos 
spread across the Pacific Ocean requires a regional-specific consideration of the 
WEF nexus often overlooked as part of the larger ‘Asia–Pacific’. However, applying 
a WEF nexus approach in the Pacific is not a one-size-fits all undertaking. Discussed 
in chapter-specific detail in this volume, it requires country- or territory-specific
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2 A. Dansie et al.

consideration of existing water resources, food systems, energy needs, and tradi-
tional knowledge while addressing challenges from anthropogenic climate change, 
human population growth, and ever-increasing demands for resource consumption. 

Keywords Pacific ·Water · Energy · Food · Nexus · Blue Carbon ·WEF 

1.1 Overview of Securing Water, Energy, and Food 
in the Pacific 

The Asia and Pacific region is home to over 4.3 billion people, or 60% of the world’s 
population, and some of the most pressing global challenges for sustainability and 
human prosperity. This volume considers the “water, energy, food (WEF) nexus” 
in the Pacific and is a part of a three-volume book series, accompanying ‘East and 
Southeast Asia’ and ‘Central and South Asia’. ‘This Pacific volume comprises the 
regions of Micronesia, Melanesia, Polynesia, and Australasia. Geographically and 
culturally diverse, this part of the world requires dedicated focus if sustainable devel-
opment across environmental, societal, and economical aspirations is to be made at 
a pace rapid and responsive enough for those that live here. 

Seventeen sovereign countries (Australia, Cook Islands [Kūki ‘ Āirani], Federated 
States of Micronesia [FSM], Fiji, Kiribati, Marshall Islands, Nauru, New Zealand 
[Aotearoa], Niue, Palau, Papua New Guinea [PNG], Samoa, Solomon Islands, Timor-
Leste, Tonga, Tuvalu, and Vanuatu) and seven territories (American Samoa, French 
Polynesia, Guam, New Caledonia, Northern Mariana Islands, Tokelau, and Wallis and 
Futuna) are spread across the northern and southern hemispheres of the Pacific Ocean, 
a blue expanse that covers a fifth of the world’s surface area but contains only 1% 
(44.5 million people) of the Asia Pacific population or 0.5% of the global population. 
All of these countries and territories are characterized by small populations, high 
transportation costs and, with the exception of Papua New Guinea and Timor-Leste, 
a geographical remoteness stemming from no land borders with another country. 
The authors note that Timor-Leste is not geographically a Pacific Island Country but 
for the scope of this book has more in common with the challenges of the Pacific 
compared to Southeast Asia and is included in this volume. 

In this volume the current state of water resources, energy security, and food 
security in the Pacific are considered in Part I. This foundation then allows attention 
to be given to regional issues associated with the major challenges and importance 
of climate trends and change, infrastructure, trade, and waste (Part II). Here, water 
security and its intersectionality each with the energy and food sectors in the Pacific 
highlights the significance of both land and marine food systems and connectivity 
between water and energy. It is shown that these systems cannot be separated from 
challenges associated with infrastructure, transport, and waste that are unique to the 
vast archipelagic region.
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Throughout this volume particular focus is on the Pacific Island Countries and 
Territories (PICTs) of the region because Small Island Developing States (SIDS) face 
urgent and shared regional challenges. To address these challenges the WEF nexus 
offers a coordinated approach to managing water, energy, and food sectors centred 
on cooperation between sectors to ensure a healthy environment and functioning 
ecosystem services needed by all. Cross-cutting themes for water, energy, and food 
security—those that are essential for meaningful and sustained improvement in the 
environmental, societal, and economic aspirations of the United Nations Develop-
ment Goals (UN SDGs)—are then explored (Part III). Developing solutions that are 
cognizant of the world’s colonial past and the global inequalities that persist today 
is essential for meaningful change. The path forward is one that brings traditional 
knowledge and awareness of the Pacific water and food systems. Conversely, national 
energy demands need to look to the future and the need to hasten energy transition 
away from fossil fuels is clear, true in both the Pacific and globally. Such solutions 
need to lessen inter- and intranational economic and demographic inequalities. To 
do this we must ensure that a gendered, equitable, and inclusive approach underpins 
all that we set to achieve. An integrated manner to improving water, energy, and 
food security using a nexus approach is presented in Part IV, including two case 
study chapters that demonstrate proven and potential WEF nexus approaches in the 
Pacific. 

Fossil fuels have played a major role in supporting the tremendous economic and 
industrial growth seen (unequally) across the globe. The technical advances they 
have allowed has supported human population growth of almost 6 billion people in 
the last 100 years, with 50% of this growth having been since the 1990s, to a total 
global human population that now exceeds 8 billion people. The resulting carbon 
dioxide emissions, along with other greenhouse gases and emissions from human 
activity, are responsible for the anthropogenically altered climate we now all live 
in. Anthropogenic climate change threatens environmental, social, and economic 
security worldwide with particular urgency faced by many people of the Pacific 
due to sea level rise, increasing cyclone intensities, and changing rainfall regimes 
(IPCC 2021). But carbon also offers to be part of the solution, with nature-based 
solutions (NbS) and Blue Carbon presenting tremendous opportunity in the Pacific 
to provide environmental and socio-economic outcomes. Blue Carbon in the Pacific 
is especially well-placed to support a WEF-approach in the region due to there being 
no additional pressures on freshwater resources or productive agricultural lands. 

1.2 The Water, Energy, Food Nexus 

The nexus is a useful concept to consider and address the complex and interre-
lated nature of water, energy, and food systems (Fig. 1.1). In practical terms, as 
defined by FAO (2014), it presents a conceptual approach to better understand and 
systematically analyze the interactions between the natural environment and human 
activities, and to work towards a more coordinated management and use of natural



4 A. Dansie et al.

resources across sectors and scales. This approach allows for a more informed way to 
identify and manage trade-offs and to build synergies through our responses as soci-
eties and nations, allowing for united and cost-effective planning, decision-making, 
implementation, monitoring, and evaluation. 

The nexus concept was launched at the 2011 World Economic Forum through the 
lens of water security in a session titled ‘Water Security: The Water-Energy-Food-
Climate Nexus’. That forum laid out the complex challenges faced in managing future 
water needs towards 2030 and the imperative of accounting for social, political, and 
economical considerations. Later in the same year, the Bonn Conference on ‘The 
Water Energy and Food Security Nexus—Solutions for the Green Economy’ applied 
the nexus lens to both water and food with emphasis on understanding interdepen-
dencies and linkages. In 2012 the German delegation to the Rio+20 conference used 
the nexus approach as a method to enhance transition towards a greener economy. 
Operating within planetary boundaries is part of the nexus-concept (Fig. 1.1) but  
something industries and communities are currently a long way from achieving. 

Since 2012 the WEF nexus approach has gained a firm foothold in multilateral 
development agencies, national dialogues, and academia. The nexus itself is still

Fig. 1.1 An example of the water, energy, and food nexus concept showing examples of the linkages 
between sectors, the central role of people and ecosystems, and the outer sustainability principles 
within which the nexus approach operates (CSIRO 2015) 



1 An Introduction and Overview to Building Water, Energy, and Food … 5

broadly interpreted by different users of the concept but agreement is seen in its calls 
for transdisciplinary integration of efforts, greater focus on inter-sectoral analysis, 
and improvements in policy coherence. The FAO nexus definition and approach is 
not unique, but has roots in other strategies including Integrated Water Resources 
Management (IWRM), Ridge to Reef (R2R), Integrated Coastal Zone Management 
(ICZM) and other multisectoral and multistakeholder approaches that seek to balance 
the water needs of society, the environment and the economy (Wichelns 2017). The 
unique aspect of the nexus approach, however, is the use of clear terminology of 
‘water’, ‘energy’ and ‘food’. These immediately tangible concepts provide direct 
connectivity into existing federal agencies and ministerial and regulatory portfo-
lios. The nexus approach that encourages interlinkages between the sectors fosters 
a dialogue of reciprocity on key issues across legislative and government branches 
and, therefore, encourages decisions that are appreciably multisectoral. 

Importantly, the nexus approach examined in this book builds on the evolution of 
approaches and terminology made prior to 2011 as well as the progress made in the 
international development sector since the 1950’s. For example, more than 80% of 
UN member states have laid the foundations for IWRM (UN Environment 2018) with 
54% of the countries having made some degree of implementation of IWRM (SDG6 
Target 6.5.1) at the global level by 2020 (UN Water, n.d.). Taking a nexus approach 
can further assist with the implementation of such efforts and enhance the integration 
of investment and development decisions within the water, energy and food sectors. 
Further, taking a water, energy and food nexus approach also allows progress to 
be planned and implemented across a suite of SDGs, minimizing the unintended 
advance of certain SDGs at the expense of others. It is this call to interdisciplinarity 
and integration that the nexus approach uniquely brings to sustainable development, 
and building resilient environmental systems, societies and economies to 2030 and 
beyond. 

1.3 The Pacific Region 

The Pacific region is also referred to as Oceania, and this perfectly captures the 
essence of the region. It is comprised of island nations, ranging from the continent-
sized Australia to atoll nations such as Kiribati (Fig. 1.2). The 44.5 million people that 
live in the region belong to either Micronesia, Polynesia, Melanesia, or Australasia 
sub-regions. The cultural backgrounds of these sub-regions are distinct, yet, with 
geographical similarities, and they all face regionally unique challenges for the provi-
sion of secure water, energy, and food resources in this ocean-dominated portion of 
the globe. In facing the these challenges the countries that comprise the Pacific (Table 
1.1) also have vastly different capacities, ranging from high-income countries of the 
Global North (Australia and New Zealand) to four of the world’s UN Least Devel-
oped Countries (Kiribati, Solomon Islands, Timor-Leste, Tuvalu). The remaining 
countries fall into the category of low-middle income countries (World Bank 2022) 
with major progress to be made against the SDGs; as a region the Pacific is not
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on track to achieve any of the SDGs by 2030. At the current rate they will not be 
achieved until 2065 (ESCAP 2022) and much remains to be done. Lack of progress is 
common across all 17 Goals but SDG 13 Climate Action (SDG 13) and Responsible 
Consumption and Production (SDG 12) has actually gone backwards, for the Asia– 
Pacific as a whole as reported by UN ESCAP (2022). Affordable and Clean Energy 
(SDG 7) has made the most progress of any Goal, but increased energy demands in 
the Pacific is still seeing increased fossil fuel imports as well as renewable energy 
installation. Access to Clean Water (SDG 6) progress is approximately one-sixth of 
where it should currently be and Zero Hunger (SDG 2) a bit over a third of progress 
required to be on track for 2030 Goal attainment. 

In the PICTs the diverse cultural landscape shares two main island geomorphology 
types: low-lying coral atoll islands, some average just 1.5 m above sea level at their 
highest point (e.g., Kiribati), and high volcanic islands that can rise up to heights 
of 2,000 m (Solomon Islands)—4,000 m (PNG). In between these two extremes 
lay all kinds of assemblages of low and high islands, with approximately 30,000 
islands across the Polynesia, Micronesia, and Melanesia sub regions of the Pacific

Fig. 1.2 Pacific regional map, adapted from UN Geospatial (2023)



1 An Introduction and Overview to Building Water, Energy, and Food … 7

Ta
bl
e 
1.
1 

N
at
io
na
l s
oc
ia
l, 
ec
on
om

ic
, a
nd
 d
ev
el
op
m
en
t f
ac
to
rs
 in

 th
e 
Pa
ci
fic
 c
om

pa
re
d 
to
 w
ith

 a
cc
es
s 
to
 s
af
e 
dr
in
ki
ng
 w
at
er
, g

ig
aj
ou
le
s 
of
 e
ne
rg
y 
pr
od
uc
tio

n 
pe
r 
ca
pi
ta
, a
nd

 a
gr
ic
ul
tu
ra
l c
on

tr
ib
ut
io
n 
at
 n
at
io
na
l l
ev
el
 (
bl
an
k 
ce
lls
 e
qu

at
e 
to
 n
o 
da
ta
 a
va
ila

bl
e)
 

Po
pu
la
tio

n 
a

Su
rf
ac
e 
A
re
a 
a 

(k
m

2
) 

G
D
P 
(m

ill
io
n 

U
SD

) 
a 

G
D
P 
pe
r 
ca
pi
ta
 

(U
SD

) 
a 

H
D
I 
va
lu
e 
b

W
at
er
 a
 

(%
 a
cc
es
s 

[u
rb
an
/r
ur
al
])
 

E
ne
rg
y 
a 

(G
J 
pe
r 
ca
pi
ta
) 

A
gr
ic
ul
tu
re
 a
 

(%
 o
f 
G
V
A
) 

A
us
tr
al
ia

25
,7
88
,0
00

7,
69
2,
02
4

$1
,3
80
,2
08

$5
4,
76
3

0.
99
4

99
/–

21
7

2 

Pa
pu
a 
N
ew

 
G
ui
ne
a 

9,
11
9,
00
0

46
2,
84
0

$2
4,
97
0

$2
,8
45

0.
55
5

19
18
.4
 

N
ew

 Z
ea
la
nd

4,
86
1,
00
0

26
8,
10
7

$2
06
,9
36

$4
3,
22
9

0.
93
1

19
9

6.
1 

T
im

or
 L
es
te

1,
34
4,
00
0

14
,9
19

$2
,0
18

$1
,5
60

0.
60
6

6
14
.1
 

Fi
ji

90
3,
00
0

18
,2
72

$5
,5
04

$6
,1
85

0.
74
3

28
13
.2
 

So
lo
m
on
 I
sl
an
ds

70
4,
00
0

28
,8
96

$1
,3
03

$1
,9
45

0.
56
7

12
26
.1
 

V
an
ua
tu

31
3,
00
0

12
,1
89

$9
07

$3
,0
23

0.
60
9

56
/–

12
22
.9
 

N
ew

 C
al
ed
on
ia

28
8,
00
0

19
,1
00

$9
,8
80

$3
4,
94
1

26
2

2 

Fr
en
ch
 P
ol
yn
es
ia

28
2,
00
0

3,
68
7

$6
,0
23

$2
1,
56
6

43
3.
6 

Sa
m
oa

20
0,
00
0

2,
84
2

$8
45

$4
,2
86

27
10
.1
 

G
ua
m

17
0,
00
0

54
1

1 

K
ir
ib
at
i

12
1,
00
0

72
6

$1
95

$1
,6
57

0.
63
0

21
/0
6

14
27
.1
 

Fe
de
ra
te
d 
St
at
es
 

of
 M

ic
ro
ne
si
a 

11
6,
00
0

70
2

$4
14

$3
,6
40

0.
62
0

19
27
.4
 

To
ng
a

10
7,
00
0

74
7

$5
08

$4
,8
66

0.
72
5

50
/2
1

19
23
.4
 

M
ar
sh
al
l I
sl
an
ds

60
,0
00

18
1

$2
37

$4
,0
38

0.
70
4

39
16
.1
 

N
or
th
er
n 
M
ar
ia
na
 

Is
la
nd
s 

58
,0
00

45
7 

A
m
er
ic
an
 S
am

oa
55
,0
00

19
9

(c
on
tin

ue
d)



8 A. Dansie et al.

Ta
bl
e
1.
1

(c
on
tin

ue
d) Po

pu
la
tio

n
a

Su
rf
ac
e
A
re
a
a

(k
m

2
)

G
D
P
(m

ill
io
n

U
SD

)
a

G
D
P
pe
r
ca
pi
ta

(U
SD

)
a

H
D
I
va
lu
e
b

W
at
er

a

(%
ac
ce
ss

[u
rb
an
/r
ur
al
])

E
ne
rg
y
a

(G
J
pe
r
ca
pi
ta
)

A
gr
ic
ul
tu
re

a

(%
of

G
V
A
)

Pa
la
u

18
,0
00

45
9

$2
80

$1
5,
57
3

0.
82
6

96
/7
0

16
6

3.
4 

C
oo
k 
Is
la
nd
s

18
,0
00

23
6

$3
79

$2
1,
60
4

62
2.
7 

T
uv
al
u

12
,0
00

26
$4
7

$4
,0
36

50
/–

12
21
.4
 

W
al
lis
 a
nd
 F
ut
un
a 

11
,0
00

14
2

–
/5
8

31
 

N
au
ru

11
,0
00

21
$1
33

$1
2,
35
1

70
 

N
iu
e

2,
00
0

26
0

64
 

To
ke
la
u

1,
00
0

12
 

a U
N
 D
at
a 
(2
02
1)
 

b
U
N
D
P 
(2
02
0)



1 An Introduction and Overview to Building Water, Energy, and Food … 9

(Shea et al. 2001). The type of island influences the relative importance of water 
source type for water security, for example, there is more groundwater and surface 
water resources on high volcanic islands and less-to-none on atoll islands causing 
a greater reliance on rainfall collection for atoll islands. Similarly for food, rich 
soils on volcanic soils support a higher agricultural contribution to the diet while 
limestone coral reef atolls have less productive soils and leave a greater reliance 
on coastal and marine food sources to satisfy caloric and nutritional needs. Energy 
sources also differ; solar power is ubiquitous in its suitability to all countries in this 
sunny equatorial region whereas geothermal energy is only an option for islands with 
suitable geological make-up, largely related to the volcanic history of the island. It is 
important to remember that none of these attributes are absolutes and a water, energy, 
and food nexus approach needs to operate along a sliding scale of characteristics 
applied within the specific context of the island or combination of island types that 
are the focus. 

Major differences in population size, land area, and national wealth across the 
region (Table 1.1) require that tailored and country specific WEF approaches are 
developed. For example, variation in the ratio of urban to rural populations across 
countries, from one extreme to the other (Fig. 1.3), provides important context for 
local water, energy, and food needs. Access to safe drinking water ranges from 
barely any (6% in rural Kiribati) to almost complete urban coverage (96%) and very 
high rural coverage (70%) in Palau (Table 1.1). The Human Development Index 
(HDI) provides further insight into where improvements in quality of life and liveli-
hoods are needed. HDI considers three dimensions to measure human development 
at a national scale, considering life expectancy at birth, expected and mean years 
for schooling, and GNI per capita (PPP$). Countries with low HDI values (e.g., 
FSM, Kiribati, Solomon Islands, Timor-Leste) and a lack of data (e.g., Tuvalu, Niue, 
Samoa) require the most “development” to be made and face the greatest chal-
lenges (Table 1.1). These countries also possess the greatest opportunity to ‘leapfrog’ 
with advances in technological and/or resource management systems and potentially 
benefit most from a WEF nexus approach. This is because where major infrastruc-
ture is not already in place then decentralized and water-energy-food interconnected 
projects can take precedence, learning from mistakes and knowledge in Global North 
countries as well as PICT neighbours. Countries with higher proportions of urbanized 
population will have different needs for their water resources, and energy and food 
sectors, with a general trend of more centralized systems of production and transport 
required as more of the population is consolidated within urban environments. In 
contrast, rural areas of a country, and countries or territories with a largely rural 
populations generally, are more reliant on the small-scale and household level means 
of production. These more agricultural PICTs, those with a higher percentage of 
agricultural gross value added (GVA), have lower GDPs, both overall and per capita, 
and also lower energy needs (Table 1.1). The connectivity between industrialization 
as a wealth generator for the economy and development is well understood but small 
land areas, small populations, and geographical isolation (Fig. 1.2) make large-scale 
industrialization of the economy unlikely for PICTS to any great extent.
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Fig. 1.3 Urban and rural populations in Pacific countries (UN Data 2021) 

1.3.1 The Community of the Pacific—Geopolitics, Aid, 
and Trade 

What the Pacific does have in spades is environmental resources and ambition, this 
‘blue continent’ as it was recently referred to for the 2050 strategy endorsed by the 
Pacific Island Forum Leaders in July 2022, offers opportunity to lead the world, with 
some of it kicking and screaming, towards a net zero carbon emissions planet by 
2050. To follow the last millennia’s path of growth and “development”, one tied to 
energy production and high energy consumption and CO2 emissions per capita from 
fossil fuels, is folly at this crucial last stand against catastrophic temperature rise 
and long-term effects from anthropogenic driven climate change. Development is 
important as a means to increase water, food, and energy security, especially for the 
underprivileged and disadvantaged. But it must be de-coupled from continued use of 
fossil fuels. The PICTs have long shown leadership in highlighting and advocating for 
the urgency of this issue. They also have and continue to be frustrated by politicization 
of the science behind climate change globally, and perhaps most damagingly by the 
regional economic and carbon emitting per capita heavy weight, Australia. 

The Pacific faces the two main global challenges of human population and climate 
change caused by anthropogenic global warming pressures like everywhere else,
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but the unique geographical traits of the region, comprised largely of island and 
archipelagic nations, make the impacts of sea level rise and changing climate espe-
cially acute. These impacts are disproportionately felt, in most cases, to national 
contribution of greenhouse gas emissions and natural resource consumption. The 
outliers here are Australia and New Zealand, producing 15.5 and 6.6 tons of CO2e per 
capita respectively (UN Data 2021) making them the 14th and 37th CO2e contrib-
utors per capita globally. Australia also sits as the 14th overall producer of CO2e 
globally, producing 492 million tons in 2021 (Australian Government 2021). The 
problem of climate change was not caused within any one national border and the 
solution must similarly be found in international cooperation. 

Unification among PICTs has shown solidarity and ambition to improve global 
progress in addressing climate change. The former Fijian Prime Minister, and at the 
time Chair of the Pacific Island Forum, Frank Bainimarama, clearly stated this in 
the lead up to the 2021 Glasgow Climate Talks when he drew specific reference 
to Australia and New Zealand in that “The developed world must deliver on the 
$100 billion dollars promised in climate finance”(O’Malley 2021). This lays bare 
the division in the region and the unfair burden of climate change that is placed 
on low and middle-income countries while high-income countries have been the 
major contributors to greenhouse gas emissions. The fossil fuels and natural resource 
consumption required to build the economies and industries of the Global North, of 
which Australia and New Zealand are a part, are responsible for the climate impacts 
that affect all of us, but PICTs are especially vulnerable due to their small size, reliance 
on sea freight and increasing coastal damage and marine intrusion due to higher 
intensity cyclones and storm surge in the region. Preceding the Glasgow Climate 
Talks, the Republic of the Marshall Islands demonstrated some deft diplomacy at the 
Paris negotiations to bring a ‘as close to 1.5 °C’, rather than a broader ‘below 2 °C’ 
target to the ultimately successful talks that resulted in the Paris Convention. This is 
especially important for PICTs and SIDS in other regions due to, amongst others, the 
increased threat of sea level rise associated with rising global average temperatures 
(IPCC 2021). The PICT-originating group garnered support of 90 countries to form 
the High Ambition Coalition (HAC) that was ultimately successful in making the 
Paris Agreement target more ambitious. The $100 billion referred to was funds 
committed to be mobilized during United Nation talks in Copenhagen 2009 that is 
now managed under the Green Climate Fund. The commitment has not been met by 
donors from the Global North and more financial support is needed in an attempt to 
balance the inequality of climate change impact and mitigation efforts. 

International funds have a large impact on PICT economies and activities. The 
smaller population and economies of PICTs make the Pacific the most aid-dependent 
region in the world, when aid contribution is considered as a proportion of GDP. 
Aid money therefore has great influence over international development through 
the sectors that it prioritizes, which can be influence by the political interests of 
the countries that providing this support. The region receives approximately USD2 
billion each year in aid. However, the most up to date reporting of complete data of aid 
funds spent in the Pacific is 2019; 2000 onwards is not reported for all donors. Looking 
at the 2019 data, Australia is the largest donor (USD864 million) followed by New
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Zealand (USD254 million) and then Japan (USD179 million (Lowy Institute 2022). 
The three largest lenders are Asian Development Bank (USD169 million, China 
(USD113 million), and the World Bank (USD69 million) (Lowy Institute 2022). 
Remittances are also playing a larger role in the regions with family members working 
overseas sending money back to support their family. In 2020 this has exceeded 
10% of PICT GDP (World Bank 2020), with some countries remittance incomes 
representing a large percentage of their GPD, in particular Tonga (39%) and Samoa 
(25%) (World Bank 2020). China is the largest trading partner in the region and many 
PICTs are signatories to China’s Belt and Road Initiative. Trade commitments and 
agreements have, similar to aid, influence over national priorities and natural resource 
management. Current ongoing unsustainable logging practices by foreign companies 
in the Solomon Islands (Kabutaulaka 2000; Hameiri 2012) or PNG (Marshall 1990) 
serves as an example of history repeating itself. Most extreme is the collapse of 
Nauru’s economy and destruction of already limited water resources and arable land 
due to foreign discovery and exploitation of phosphate. The phosphate resource, in 
the form of thousands of years of bird guano accumulation since fossilized, was 
discovered by the British at the turn of the 20th Century. Strip mining, foreign 
exploitation, and corruption saw much of the wealth sent overseas and corruption 
and mismanagement at the national level squandering chances of effective royalty 
management since independence in 1968, albeit after much of the finite resource had 
been extracted. 

Geopolitics in the Pacific is a major influence in aid, trade, and policy that facil-
itates the movement of people for paid labour and education. The major global 
economic powers of China, the US, and the EU are increasing their attempts of influ-
ence and partnership with PICTs, with the scarcity of land in the Pacific Ocean making 
the small Countries and Territories of immense military and security interest. The 
shared challenges and priorities of PICTs to address the critical challenge of climate 
change provide unification, in the most part, for PICTs to increasingly have influence 
above what might otherwise be expected for their individual small country “weight” 
in international forums. Geopolitical allies that heed the urgency of the High Ambi-
tion Coalition, Pacific Islands Forum, SAMOA Pathway and other regional bodies 
and cohesive stances should urgently consider domestic greenhouse gas emission 
shortcomings the same time as seeking to build aid, trade, migration or other bridges 
with PICTs. 

1.3.2 Water, Energy, and Food in the Pacific 

In the Pacific freshwater resources are highly variable, comprising some of the global 
extremes in terms of availability and access. This region, covering approximately a 
fifth of the planet’s surface, supports extensive biomes from arid deserts to lush trop-
ical forests so also is home to tremendously diverse food systems. The diversity in 
food systems sees an array of animal and plant species that have been important to
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food security for millennia, and traditional knowledge that has enabled this secu-
rity. But again, traditional knowledge is diverse, as distinct as the biomes that have 
supported people living in this region. Human society presence ranges from esti-
mates of over 50,000–60,000 years in Australia to more recent estimates of 3,000 
years ago in remote parts of Polynesia. In the last few hundred years these natural 
and societal systems have been upended through the global impacts of colonializa-
tion and an increasingly industrialized world. Water and food security in this region 
now face major challenges, and the need for energy now greatly exceeds household 
requirements and is a driver of concern for national security and economic stability 
and growth. It is in this post-colonial period of globalization that the water, energy, 
and food nexus approach offers opportunity to pivot as quickly as possible to a more 
sustainable use of water resources, a more sustainable use of land and sea for food 
production, and a more sustainable generation of energy by looking both to the past 
and to the future. In order to manage sustainably across water, food, energy, and 
the environment a holistic approach that leverages the diverse and location-specific 
traditional knowledge is essential. Addressing the sectors of water, energy, and food 
simultaneously must be absolute in that the underpinning biomes and environment 
that support them are healthy and functioning. 

1.3.3 Air Quality 

Alongside broader trends in climate change and its impact an emerging issue of 
concern in PICTs is increasing rates of respiratory illness. Energy and food are intrin-
sically tied to this through expanding road infrastructure allowing more and more 
combustion engine-powered transport, diesel generator-powered grid electricity, 
agricultural practices for export crops such as sugarcane burn off, indoor cooking 
using wood burning, industrial processes such as cement production, and waste 
burning due to lack of effective municipal collection and management practices. 

Globally the story is similar, the harmful effects of air pollution on human 
health (Kampa and Castanas 2008; Dominski et al.  2021) are becoming increasingly 
apparent in our progressively populated and industrialized world. However, like the 
effects of climate change it is often the poorest people that are most impacted by air 
pollution from indoor and outdoor sources (Emmelin and Wall 2007; World Health 
Organization 2021a). In September 2021, the World Health Organisation (WHO) 
updated their recommended limit for air pollution from the burning of fossil fuels 
and issued a statement that clean air is a “fundamental human right” (World Health 
Organization 2021b). Clean air and energy generation are therefore intrinsically 
linked, even in “tropical island” places we may not think of having polluted air: 
low- and middle-income PICTs. These island nations are at the forefront of climate 
change impacts of sea level rise and increasing weather severity (IPCC 2021), with 
transition away from fossil fuels to provide both climate and human health benefits. 
However, the increasing awareness of the need for cleaner air is focussed on research 
in cities in high income countries and there is a dearth of data from the Global South.
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This emerging health problem and the need to monitor air quality has been iden-
tified by the Governments of the Solomon Islands, Fiji, Vanuatu, and Tonga and the 
Pacific Regional Office of the WHO. It is women and children in poor households 
that are the most vulnerable to negative impacts of poor air quality and a gendered and 
demographical approach is to be taken to identify those at most risk. Empirical data is 
needed to support government partnership with multilateral agencies for investment 
in renewable energy and international development activities that improve air quality 
thought energy transitions and livelihood improvements. 

It is in this context it is perhaps interesting to pause and note that there are SDGs 
dedicated to water, as well as to food, but none to air. One cannot help but to ask 
‘Why is there no SDG for Clean Air to Breathe? Has this simply been forgotten?’, 
considering humans can survive weeks without food, days without water, but only 
minutes without air. However, there are recent developments with The United Nations 
General Assembly declaring on the 29th of July 2022 that everyone on the planet 
has a right to a healthy environment that included clean air, a move backers say is an 
important step in countering the alarming decline of the natural world. In a resolution 
passed at UN headquarters in New York City, the General Assembly said climate 
change and environmental degradation were some of the most pressing threats to 
humanity’s future. The resolution is not legally binding on the 193 UN Member 
States but “the resolution sends a message that nobody can take nature, clean air, 
and water, or a stable climate away from us—at least, not without a fight” said 
Inger Andersen, Executive Director of the UN Environment Programme (UNEP). 
The resolution comes as the planet grapples with what Andersen called a triple 
planetary crisis of climate change, nature and biodiversity loss, and pollution and 
waste. Left unchecked, the new resolution said those problems could have disastrous 
consequences for people around the world, especially the poor, and women and girls. 
The UN General Assembly stated they were encouraged by the increasing interest of 
the international community in clean air and emphasizing the need to make further 
efforts to improve air quality, including reducing air pollution, to protect human 
health, and in December 2019 designated 7 September as the International Day of 
Clean Air for blue skies. 

1.3.4 A Nexus Approach in the Pacific 

Applying a WEF nexus approach in the Pacific is not a one-size-fits all approach 
and as discussed in chapter-specific detail in this volume, requires careful consid-
eration of existing water resources, food systems, energy needs, and supplies. It 
must also consider population demographics and a design that assists and empowers 
those most in need that are suffering from poverty, inequality, or injustice. The nexus 
approach must be forward looking to build resilience for projected populations and 
resource consumption requirements associated with development, as well as current 
and projected climate change impacts. Infrastructure and long versus short term 
return on investment decisions must be made to facilitate a WEF approach and large
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multilateral financial support will be needed to achieve such transitions. For 2030 
SDG climate and climate-related targets and 2050 Net Zero targets energy transition 
will be especially key, and investment in major infrastructure to support non-fossil 
fuel energy production, such as geothermal, solar, hydrogen, kinetic, wind, will 
be needed in both PICTs and as part of all Nationally Determined Contributions 
(NDCs). Abundant sources of clean, affordable energy will support increased provi-
sion of safe drinking water and nutritious food. Effective and integrated water and 
natural resources management will be needed to ensure the security of both terres-
trial and coastal food systems. Traditional knowledge and staple foods are especially 
important in building resilience against climate change and increasing food security, 
most so in the poorer and rural environments and PICTs. 

Underpinning all of this is the need for a healthy environment and functioning 
ecosytem services. Without addressing the environmental targets of the SDGs 
displayed in Fig. 1.3, and ensuring this environmental base, societal and then econom-
ical aspirations will be unsustainable, if not completely unachievable. Central to 
achieving true sustainability for PICTs and broader Pacific region is the role of carbon, 
in both the problems it creates and solutions it supports. NDCs provide a roadmap for 
national carbon emissions (in reality a suite of greenhouse gases that include carbon-
dioxide, methane, nitrous-oxide, and others, referred to as CO2e or CO2 equivalent 
emissions) and while reducing emissions in the first place is preferrable to CO2e 
sequestration, both are now needed to keep global warming below 2 °C and as close 
to 1.5 °C as possible. 

1.3.5 The Role of Carbon as a Particularly Pacific-Specific 
Solution 

The international carbon market was established under the Kyoto Protocol in 1997, 
in an effort to reduce greenhouse gases. Carbon credits are now tradable on the 
international market to offset national or private sector greenhouse gas emissions 
where reduction is not possible or desirable. The last decade has seen the promi-
nence of ‘blue carbon’, that which is stored within coastal ecosystems such as 
mangroves, seagrass, salt marsh, and tidal habitats, regarded as a particularly effec-
tive form of carbon sequestration. The large CO2e potential sequestration in the 
form of blue carbon lies in both the biomass and sediments of the marine and 
tidal ecosystems. Tropical forest CO2e storage potential is 800 tons per hectare (ha) 
comprising 600/200 in biomass and in the soil respectively (Wetlands International 
2022). Mangroves in comparison have a total (biomass/soil) CO2e storage potential 
of 3,767 (928/2,839) tons per ha (Wetlands International 2022)—over four times 
as much. Salt marshes have a potential of 949 (32/917) tons per ha and seagrass 
meadows a potential of 511 (11/500) tons per ha (Wetlands International 2022). 
Given the Pacific is the ‘blue continent’ blue carbon, consequently, provides a timely 
and pivotal opportunity for PICTs to apply a WEF nexus approach centred around
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a healthy environment (Fig. 1.1), and a foundation to then sustainably address soci-
etal and economical SDG and development target aspirations (Fig. 1.4). Importantly, 
the highly effective blue carbon capturing ecosystems offer opportunities to capture 
carbon and generate carbon credits for sale with no additional pressures on fresh-
water resources, especially important in water-scarce PICTs. Further, rather than rows 
of monoculture timber plantations that compromise some terrestrial carbon capture 
approaches, the coordination of environmental management with food systems (fish-
eries and terrestrial), water resources, and energy development, as well as coastal 
infrastructure offers major return on investment on top of the value of the carbon 
credits sold. Examples of the additional return of investment include better fish stocks 
due to mangrove, seagrass, or near-shore reef habitat that supports the varying life-
cycle stages of commercially targeted or community-reliant fish species, salt marsh 
that supports bird and insect life, and vegetated shorelines that protect against storms 
overtopping event that salinize groundwater and soils and aid to capture and attenuate 
shore-based pollution. This added on return on investment can be maximized through 
coordinated management, which can be enhanced using a WEF Nexus approach. 

Fig. 1.4 Environmental systems and functions are essential to supporting subsequent societal and 
economical SDG aspirations (Stockholm Resilience Center 2016)
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1.4 Addressing Future Challenges Using a WEF Nexus 
Approach 

Socioeconomic advances in the Pacific are a challenge, with progress on eradicating 
extreme poverty and reducing national poverty hindered due to low public invest-
ment in education and health services (ESCAP 2022). COVID-19 has increased 
inequalities worldwide and negatively impacted progress toward achieving the 
SDGs. It is no different in the Pacific. The geographical isolation initially held 
back COVID-19 outbreaks in Australia, New Zealand, and many of the PICTs, 
but this isolation has not been enough, and the impact of COVID-19 is now being 
felt throughout the region. Impacts on GDP, trade, remittances, tourism, and food 
imports have all negatively affected Pacific countries. 

Importantly, a WEF nexus approach builds on and does not negate the integrated 
and coordinated efforts to date in the Pacific through IWRM, Ridge to Reef, Source 
to Sea, UNESCO Biosphere Reserves, Integrated Coastal Zone Management, and 
similar approaches. Areas of most concern in the Pacific, those showing regres-
sion rather than advancement of SDG targets, are clean water and sanitation (SDG 
6), reduced inequalities (SDG 10), sustainable cities and communities (SDG 11), 
responsible consumption and production (SDG 12), climate action (SDG 13) and 
life below water (SDG 14) (ESCAP 2022). Limited progress has been made towards 
good health and well-being (SDG 3), affordable and clean energy (SDG 7), industry, 
innovation and infrastructure (SDG 9), life on land (SDG 15), and partnerships for 
the goals (SDG 17) (ESCAP 2022). These areas of most concern would all benefit 
from a WEF nexus approach and are detailed in the chapters of this regional volume. 

Globally, major greenhouse gas emitters need to step up for the environmental 
and economic benefit of all, including themselves. Within the region some Australian 
private sector companies are closing coal-fired power plants earlier than planned due 
to purely financial rationale, much to the political chagrin of some and jubilation 
of others. Nexus solutions that hasten the rate of transition away from fossil-fuels 
are needed and renewable energy generation and storage technology advances are 
thankfully providing economic incentives where political cohesion has been lacking. 
The energy transition includes energy generation for the provision of water, food, 
and transport services as well as households and industrial processes. Energy inde-
pendence and removing reliance on fossil fuel imports will strengthen national secu-
rity and the ability for self-determination of national development objectives. This 
is especially critical for low- and middle-income PICTs that are now seeing an 
unprecedented push for geopolitical influence in the region. 
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Chapter 2 
State of Freshwater Resources 
in the Pacific 

Nicholas Schofield and Hemant Ojha 

Freshwater in Oceania is highly variable, with the Pacific 
islands having generally limited access to freshwater which is 
under increasing threats from climate change and a variety of 
socio-economic drivers including overextraction and pollution. 

Abstract The freshwater resources of Oceania are highly variable, comprising some 
of the global extremes in terms of availability and access. The Pacific Island Coun-
tries and Territories (PICTs) have lower water security than Australia and New 
Zealand, the two developed nations in the region. Among PICTs, whilst surface 
and groundwater resources are available on high volcanic islands, small, low-lying 
coral and limestone atolls have limited groundwater and no surface water, hence 
are highly dependent on rainfall. Almost all islands utilize groundwater if not for 
potable purposes, then for washing needs. The development of water resources for 
human uses has focused largely on urban centres, whilst smaller and remote commu-
nities in PICTs often lack basic water services. Available water resources are also 
subject to multiple threats, mainly from untreated human and mine wastes, agricul-
tural chemicals, and sediments from forestry operations. Freshwater lenses in PICTs 
are facing saline intrusion resulting from over-exploitation, sea-level rise, and storm 
surges. Climate change is altering long-term rainfall and evapotranspiration patterns 
and exacerbating extreme events such as cyclones, floods, and droughts. The small 
populations, limited financial resources, and low capacity across the water sector in 
PICTs, continue to inhibit progress with SDG 6, despite considerable donor support.
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2.1 Introduction 

The Pacific, and the larger Oceania region, includes countries and territories that 
are highly diverse not only in terms of natural freshwater resources availability and 
access but also in terms of the capacity to manage available water resources. Pacific 
Island Countries and Territories (PICTs) have generally limited freshwater resources. 
They are highly diverse in terms of culture and hydrogeography yet share a set of 
common challenges: small land area, limited groundwater and aquifer capacities, 
and high dependence on rainfall (Allen 2020; Falkland and White 2020). PICTs 
also have limited institutional and technical capacity to ensure access to water for 
everyone. Unlike the PICTs, Australia and New Zealand, the two developed nations 
of Oceania, have larger amounts of freshwater resources per capita, and also have 
advanced water management systems. 

For a large oceanic region with numerous small islands and advanced economies 
like Australia and New Zealand, generalizing the state of freshwater resources is 
challenging, especially when comparable and recent data are limited for PICTs. 
Focusing on PICTs, this chapter aims to provide an overview of water resources, 
covering four key aspects: freshwater sources (supply), types and trends in demand 
on these resources (demand), existing and emerging threats to freshwater resources 
and water security (threats), and the effectiveness of efforts to achieve water security 
(responses). We draw on publicly available literature, key informant interviews, and 
global and regional databases. 

2.2 Naturally Occurring Freshwater Sources 

The three main forms of naturally occurring freshwater in Oceania are rainwater, 
surface water and groundwater. The distribution of freshwater is highly uneven 
among Australia, New Zealand, and PICTs (see Table 2.9 in Appendix 1). Although 
Australia is the driest inhabited continent on the planet, it is using less than 6% 
of renewable water resources each year (Prosser 2011; Jackson et al. 2017). New 
Zealand has abundant water resources with only 3% of its freshwater being used 
(World Bank 2021). Unlike these two advanced economies, PICTs have limited fresh-
water resources in general, with Fongafale islet in Tuvalu and Nauru, for example, 
having no confirmed accessible freshwater resources (Duncan 2011). Papua New 
Guinea (PNG) is an exception with 120,000 m3 of water per person. Geographic
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features such as island area, shape, topography, soils, and lithology greatly influ-
ence both the occurrence and distribution of natural freshwater sources (Falkland 
and White 2020). Geologically, the PICTs are a combination of five main forms, 
namely high volcanic, uplifted limestone, low-lying coral island and atolls and mixed 
combinations of these forms (Duncan 2011) (see Fig.  2.1). The larger, mountainous 
volcanic islands have substantial surface water and groundwater resources, while 
the small, low-lying coral, sand and limestone islands have very limited surface and 
groundwater (Falkland and White 2020). 

Fig. 2.1 Hydrological island types (Source Dixon-Jain et al. 2014). Commonwealth of Australia 
(Geoscience Australia) 2021. This product is released under the Creative Commons Attribution 4.0 
International Licence. Disclaimer: The boundaries and names shown and the designations used on 
this map do not imply official endorsement or acceptance by the United Nations
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Table 2.1 Surface water 
availability for some 
countries (UN Water 2021) 

Country Year Surface water (billion cubic 
metres) 

Papua New Guinea 2017 801 

Vanuatu 2017 10 

Fiji 2017 28.55 

Solomon Islands 2017 44.7 

Australia 2017 440 

New Zealanda 2017 327 

Timor Lestea 2014 8.2 

aData based on World Bank (2021), and the data category “renew-
able internal resources”. Data for other counties not available in 
both databases 

2.2.1 Surface Water 

For PICTs, Falkland (2015) recognizes four forms of surface water: (a) surface and 
subterranean streams, (b) springs, (c) lakes and swamps (or wetlands), and (d) dams 
on some of the larger islands. Perennial streams only occur on the larger, higher 
rainfall islands such as in PNG, Fiji, and Solomon Islands. Ephemeral streams occur 
more typically in small, steeper catchments where flows occur for days or hours 
following rainfall. While data does not exist for most countries in the region, available 
data shows that PNG, Australia, and New Zealand have significantly higher amounts 
of freshwater (Table 2.1). 

Springs are an important water source on volcanic islands where bedrock has 
low permeability; here communities rely heavily on springs, although flow declines 
during droughts.1 Wetlands are important sources of surface water for Pacific islands. 
There are four types according to Ellison (2009): riverine, lacustrine, freshwater 
swamp forests, and marshes. Freshwater lakes are found on some larger volcanic 
islands in the craters of extinct volcanoes, such as on Upolu, Samoa, or depressions 
in the topography (Falkland and White 2020). The small volcanic island of Niuafo’ou 
in northern Tonga has fresh and brackish lakes within its crater (Ellison 2009). The 
small atoll island Teraina (Washington Island), Kiribati has a central freshwater 
lagoon. 

On some islands, dams have been constructed to store surface runoff for water 
supply, such as Vaturu Dam on the Nadi River, Viti Levu, Fiji, and the Fena Valley 
Dam, and Guam; and for hydroelectricity generation in French Polynesia, Fiji, New 
Caledonia, Samoa, and PNG (Falkland and White 2020). A dam is currently under 
construction in Solomon Islands for hydroelectricity (TRHDP 2021) (see Table 2.2 
for dam capacity to harness water for all purposes in selected countries where data 
is available).

1 Personal email communication, Peter Sinclair, SPC, 18 December 2020. 
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Table 2.2 Dam capacity per 
capita for selected countries 
in Oceania (UN Water 2021) 

Country Year Dam capacity (billion cubic 
metres) 

Papua New Guinea 2010 89.49 

New Zealand 2015 3589 

Fiji 2015 146.9 

Samoa 2015 50.92 

Australia 2015 3182 

Australia’s water supply is secure in all but the most extreme droughts (ADB 
2020a). It has high water storage per capita (approximately 21,481 cubic metres 
recorded in the period 2008–2012, FAO 2021) which is supplemented by six large 
desalination plants for its major coastal cities (total capacity 527 million cubic metres 
per annum). New Zealand’s water supply is also highly secure (ADB 2020a) with 
storage per capita of 69,544 cubic metres (recorded in the year 2017, FAO 2021), 
excepting during unprecedented droughts in recent years, associated with climate 
change. 

2.2.2 Groundwater 

Groundwater constitutes the majority of naturally occurring freshwater on small 
Pacific islands (Holding et al. 2016), with some islands using it as the only reliable 
freshwater (Dixon-Jain et al. 2014). Groundwater occurs on many small coral and 
limestone islands as ‘fresh groundwater lenses’ (Alberti et al. 2017). The ground-
water lenses vary depending on rainfall, evapotranspiration, groundwater abstraction, 
and mixing with surrounding saline groundwater, with a coral island usually having 
5–10 m thick groundwater lens (White and Falkland 2010). Leeward islands sustain 
larger lenses with slower discharge of groundwater and reduced mixing. In some 
islands, such as Nauru, fresh groundwater is found only on parts of the island due 
to the highly permeable karst limestone which promotes mixing of fresh and under-
lying saline water (White and Falkland 2010). The amount of groundwater for some 
countries with available data is given in Table 2.3.

Small island aquifers, unexpectedly, can host freshwater lenses next to the coast-
line (Alberti et al. 2017). Many of these lenses shrink during low rainfall periods with 
reductions in the available resources of 50–100% (Falkland 1993; Duncan 2011). 
Seawater located beneath the freshwater lens limits the amount of groundwater that 
can be extracted due to potential for salinization (McKenzie 2017). Salinization is 
escalated by poorly managed abstraction of groundwater, as found in Kiribati (Lal and 
Datta 2019). Saline water from storm surge overtopping can infiltrate from the surface 
to mix with the underlying freshwater lens, resulting in brackish water. Observations
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Table 2.3 Groundwater 
resources for selected 
countries with available data 
(UN Water 2021) 

Country Year Billion cubic metres 

Papua New Guinea 2017 211.6 

Vanuatu 2017 4.377 

Nauru 2017 0.01 

Fiji 2017 5.273 

Solomon Islands 2017 11.92 

Australia 2017 72 

New Zealand 2018 712a 

aData for New Zealand based on Ministry for the Environment 
(2020)

confirm the potential of rainfall to replenish the freshwater lens, typically floating on 
saline groundwater, with a brackish transition zone.2 Australia, New Zealand, and 
PNG have more abundant groundwater than PICTs. In Australia, groundwater makes 
up approximately 17% of accessible water resources and accounts for over 30% of its 
total water consumption (Geoscience Australia 2020). New Zealand’s groundwater 
usage accounts for 30% of total water usage (GNS Science 2021). 

2.2.3 Rainwater 

Rainwater harvesting has been a valuable supplement to water supply in small island 
nations (SOPAC 2004). Rainwater is the cheapest freshwater supply source and 
generally has the highest quality in PICTs.3 Rainwater is also the main source of 
subsistence irrigation (Gale and deBrun 2017). A variety of factors, from climate 
change and El Niño and La Niña oscillations to shifts in rainfall belts due to volcanic 
eruptions, affect rainfall distribution in the Pacific (Higgins et al. 2020) (see Table 
2.4 for long term trends of precipitation for some countries). Storage is important to 
access rainwater, and even high rainfall small islands such as Marshall Islands which 
receive 2000–4000 mm per year can undergo water stress due to lack of natural 
storage (SOPAC 2007c).

In PICTs, rainwater roof harvesting and tank storage is the primary source of 
household and community freshwater, as found prominently on islands such as 
Tokelau, Solomon Islands, Tuvalu, and some islands in Tonga (Quigley et al. 2016; 
Falkland and White 2020). On the island of Fongafale, Funafuti atoll, Tuvalu, water 
supply is a combination of rainwater harvesting and water produced by the island’s

2 Personal email communication, Peter Sinclair, SPC, 18 December 2020. 
3 Personal email communication, Cameron Smith, HunterH2O, Australia, December 2020. 
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Table 2.4 Long term average 
precipitation in selected 
PICTs (UN Water 2021) 

Country Year Precipitation (mm) 

Australia 2018–19 534 

Vanuatu 2014 2,000 

Samoa 2014 2,880 

Papua New Guinea 2017 3,142 

Fiji 2017 2,592 

Solomon Islands 2017 3,028 

New Zealand 1,732

desalination plant.4 On the Marshall Islands rainfall is collected from public build-
ings such as the Majuro High School, Majuro Hospital, and Ebeye Hospital5 and, on 
Majuro atoll, from a concrete runway and pumped to large above-ground storages 
(Falkland and White 2020). However, in Ebeye, rainwater harvesting issues such 
as suitability of roofing materials, gutters, downpipes, maintenance of tanks, and 
contamination were ignored.6 In the Cook Islands, large open buildings have been 
constructed solely to harvest rainwater and store it in 45,000 L concrete storage tanks 
(Falkland and White 2020). On some outer islands of PNG, plastic barrels placed 
under the crown of coconut trees collect rainwater for local use (Scott et al. 2003). 
Despite community-based rainwater harvesting systems working reasonably well in 
several island states (Bailey et al. 2018), concerns for water quality remain, as moni-
toring of pathogens and installation of remedial technologies are often overlooked 
(Kirs et al. 2017). UNESCO’s concept of UNESCO Green Academies might play an 
important role for rainwater collection, storage, and utilization (Henning et al. 2010; 
UNESCO, UN Habitat and SEAMEO 2021). 

In New Zealand, 10% of the population, mostly in rural areas, depend on rainwater 
as a source of drinking water (New Zealand Ministry of Health 2019). Australia 
commenced non-potable rainwater harvesting during the Millennium Drought and it 
is now the third largest source of water after surface water (dams) and groundwater, 
constituting 9% of residential water (Rainwater Harvesting Australia 2021).

4 According to the Asian Development Bank, “Dry periods longer than 10 days typically result 
in water shortages, which require desalinated water to be delivered via trucks to household and 
community tanks” (ADB 2020b). 
5 Personal email Communication, Stephen Blaik, Asian Development Bank, 8 December 2020. 
6 Personal email Communication, Stephen Blaik, Asian Development Bank, 8 December 2020. 
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2.2.4 Derived Freshwater Sources 

The three main derived freshwater sources supplementing natural sources are desali-
nation of sea water, wastewater reuse, and imported bottled water. These are currently 
small relative to the naturally occurring sources, and wastewater reuse has not yet 
become a common source for potable water in PICTs.7 Desalination has been the 
primary source of potable water in Nauru for more than 20 years (SOPAC 2007a). 
In 2014, Vanuatu established a solar powered desalination plant on Ambae Island 
and a diesel-powered plant on Aniwa Island to provide freshwater to 11,000 people 
(PIF 2015). In 2018, a reverse osmosis desalination system was installed to provide 
clean water for the 800 people that live in Uripiv, Vanuatu. Funafuti has approxi-
mately 130,000 L/day supply from two desalination plants. The Republic of Marshall 
Islands has small suitcase styled desalination units which they deploy during times 
of emergency to outer islands, as part of their drought response.8 Reverse osmosis 
(RO) units are also used for producing bottled water in Tongatapu, Tonga, and on a 
small number of tourist islands such as in Cook Islands and Fiji (Falkland and White 
2020). These technologically sophisticated desalination systems are appropriate only 
where and when replacement parts can be obtained reasonably quickly, and trained 
personnel are available; neither circumstance is common across the Pacific (Allen 
2020) except when outsourced to the private sector such as in Ebeye9 and Nauru. 

Imported bottled water has become an increasingly common source of derived 
water for drinking in some PICTs, especially as an emergency measure during 
droughts. In the 2011 drought, New Zealand shipped bottled water to Tuvalu, and 
Tokelau imported bottled water from Samoa. As bottled water is more expensive than 
conventional supply in PICTs (Duncan 2011), it is less likely to be a major source. 
Piping water between islands is another mechanism for water supply as in the case 
of Samoa, where freshwater is supplied by submarine pipeline over a distance of 
4 km from the western end of Upolu to Manono Island (Falkland and White 2020). 
Bottled water, however, is also likely to cause another problem: plastic pollution. 

Treating wastewater of all types and recycling for non-potable and potable water 
uses may emerge as a significant opportunity for PICTs in the future, should financial 
and technical capacity gaps be overcome. Treated wastewater is used for irrigation 
of garden and recreational areas at some tourist resorts and hotels in Fiji (Falkland 
and White 2020). Seawater and brackish groundwater are used for specific purposes 
on small islands where and when freshwater is scarce (Alberti et al. 2017). Some 
atoll islands use brackish groundwater for drinking and cooking during periods of 
severe drought. Seawater is used for toilet flushing and as a potential source for 
firefighting in densely populated parts of Tarawa and Majuro atolls and all of Ebeye 
island, Kwajalein Atoll, Marshall Islands (Falkland and White 2020). In severe water 
scarcity times, seawater is even used for cooking.

7 Personal email Communication, Stephen Blaik, Asian Development Bank, 8 December 2020. 
8 Personal email, Peter Sinclair, SPC, 18 December 2020. 
9 Personal email Communication, Stephen Blaik, Asian Development Bank, 8 December 2020. 
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Australia follows the global trend of increasing use of desalination as a source of 
drinking water (Lattemann et al. 2010; Turner et al. 2016), both as primary and supple-
mental sources during droughts (as discussed in detail in Chap. 8. New Zealand’s 
reliance on desalinated water is low, although it has been considered as a promising 
option for drought-hit Auckland). Recycling wastewater is an increasing trend in 
Australia since 1990 (Radcliffe and Page 2020) and New Zealand in urban areas, 
especially for irrigation and toilet flushing. 

2.3 Demand and Supply Status 

Water demand in Oceania is gradually increasing due to ongoing urbanization, popu-
lation growth, and expanding economic activity (see Table 2.10 in Appendix 1). 
While advanced economies are able to meet most of the water demand, in the case 
of PICTs, about 6.9 million people cannot access improved sanitation and more than 
4.8 million cannot access improved water supplies (WHO 2016). Improvements have 
been slow, with improved sanitation increasing from 29% in 1990 to 31% in 2015, 
and improved water sources from 46% in 1990 to 52% in 2015 (WHO 2016). 

Most PICTs are urbanizing rapidly (Keen and Barbara 2016), with growing 
informal settlements (ADB 2016; Sanderson and Bruce 2020). Urban centres are 
generally supplied by public water utilities which are slowly improving their capacity 
to supply clean water and safely treat wastewater. Private water service providers are 
infrequent but are emerging as a key player as in the case of Port Vila, Vanuatu 
(SOPAC 2007b; UTS  2011). 

All too often urban water supply can be unreliable, of limited availability, suffer 
leaks and illegal connections, be contaminated, and not generate adequate revenue 
for asset maintenance (Duncan 2011; Allen 2020). This issue is particularly chal-
lenging as informal communities in urban and peri-urban areas are the fastest 
growing communities in PICTs, with population growth rates of up to 26% per 
year, for example in some Honiara informal settlements (World Bank et al. 2015). A 
unique form of village cities has physically developed around a patchwork of native 
and traditional villages on customary land, creating a mosaic of towns and native 
and traditional villages (ADB 2016). The rapid rate of urbanization and growth of 
informal communities pose a profound challenge to providing services and building 
overall community resilience (Sanderson and Bruce 2020). Populations settling on 
and around water reserves are a major threat to water quality and quantity due to 
the lack of regulation for protecting water sources either from pollution or over-
abstraction. Increasing urbanization is occurring on islands already water stressed 
such as Fongafale (Tuvalu), Tarawa (Kiribati) and Majuro and Ebeye (Marshall 
Islands). Port Moresby, PNG, with a population nearing one million, has a water 
supply designed to supply about 250,000 people. Honiara, Solomon Islands, is 
another example of urbanization stressing water supply, growing at more than twice 
the national population growth rate (preliminary 2019 census data indicates that the 
average annual growth rate in Honiara between 2009 and 2019 was about 5.6%).
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Water quality is a major challenge in urbanizing areas of PICTs. Typically, about 
10% of all deaths of children less than five years old in the Pacific islands are 
attributable to diarrheal diseases. About 90% of these diseases can be attributed to 
the lack of sanitation treatment systems, high levels of unimproved drinking water, 
and poor hygiene (WHO and SOPAC 2008), although the overall health impacts may 
be significantly higher with an indirect influence of these risk factors on many other 
causes of death. 

In rural and remote areas, accounting for 70% of the population, collecting and 
storing drinking water from rain or local surface sources is an ongoing individual, 
family, and/or community task and disproportionately the responsibility of women 
and girls. Here, buying bottled water for drinking and food preparation is not an 
option due to lack of funds and/or local availability of bottled water (Anthonj et al. 
2020). 

Rural water supply systems are often managed by village or island councils 
or community ‘water committees.’ In some cases, such as village water supply 
schemes in Tonga, a small fee is charged to households to cover operational 
expenses (Falkland and White 2020). Across the Pacific, water utilities often have 
no commercial incentive to extend services to informal or remote settlements. 

Australia’s water consumption is dominated by the agricultural sector which 
uses 50% (Jackson et al. 2017). The regional distribution of use is highly uneven 
across Australia. Despite being a water-rich country, New Zealand’s largest cities 
face water scarcity because of an increasingly variable climate, aging infrastructure, 
and growing populations (Talbot-Jones et al. 2020). 

2.4 Threats to Water Security 

Freshwater in the Pacific is becoming increasingly limited because of increasing 
demand (e.g., population growth and tourism) and decreasing supply (e.g., pollution 
and precipitation patterns) (UNESCO and UN Water 2020). Drinking water and sani-
tation coverage in most PICTs falls short of global averages (Hadwen et al. 2015). 
Sea level rise and extreme events related to climate change have significant addi-
tional impacts on water security (UNGA 2014). Exacerbated by weak governance, 
Pacific countries are amongst the most vulnerable in the world to disasters, which 
are becoming more intense and more frequent (Kumar et al. 2020).10 Climate change 
impacts and threats are covered in more detail in Chaps. 5 and 11.

10 In 2014, the UN Conference on Small Island Developing States in Samoa detailed numerous 
threats facing the region, including: overexploitation of surface, ground, and coastal waters; saline 
intrusion; drought and water scarcity; soil erosion, inadequate water, and wastewater treatment; and 
lack of access to sanitation and hygiene. 
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2.4.1 Climate Extremes and Related Disasters 

Climate change is a major challenge to the Pacific islands (Nurse et al. 2014; Barnett 
and Waters 2016; Kumar et al. 2020; McNamara et al. 2020), widely recognised as 
an impact multiplier for many of the challenges that the water sector already faces 
(Burns 2002; Holding et al. 2016; Chand et al. 2017; Day et al. 2019; Oppenheimer 
et al. 2019). Various projections of climate impacts differ significantly between and 
within PICTs (see Table 2.5), yet increasing water security risks is common in these 
assessments. IPCC 2014 concluded that current and future climate-related drivers of 
risk for small islands during the twenty-first century include sea level rise (SLR), 
tropical and extratropical cyclones, increasing air and sea surface temperatures, and 
changing rainfall patterns (Nurse et al. 2014). The Pacific Climate Change Science 
Programme (PCCSP) additionally anticipates that the Pacific will experience an 
increase in extremely hot days, extreme rainfall events, and ocean acidification. 
Sea-level rise is expected to be 0.18–0.59 m by 2080–2099 relative to 1980–1999. 
Droughts are projected to occur less often, but with increased severity. Annual average 
rainfall is expected to increase. Tropical storms and cyclones are expected to decrease 
in frequency but increase in intensity. The intensifying risk of cyclones, coupled with 
sea-level rise, will bring more disruptions in water supply systems and increased 
salinization of groundwater lenses, through storm surge overtopping. 

Table 2.5 Summary of climate change projections for the Pacific (after Falkland and White 2020, 
based on Australian Bureau of Meteorology [BOM] and Commonwealth Scientific and Industrial 
Research Association [CSIRO] 2014) 

Country Mean rainfall Drought frequency 
and duration 

Extreme rainfall 
frequency and 
intensity 

Tropical cyclone 
frequency 

Cook Island Similar Similar Increase Decrease 

FSM Increase Decrease Increase Decrease 

Fiji Little change Slight decrease Increase Decrease 

Kiribati Increase Decrease Increase No projections 

Marshall Islands Increase Decrease Increase Decrease 

Nauru Increase Decrease Increase No projections 

Niue Slight increase Slight decrease Increase Decrease 

Palau Increase Decrease Increase Decrease 

PNG Increase Decrease Increase Decrease 

Samoa Little change Similar Increase Decrease 

Solomon Islands Slight increase Slight decrease Increase Decrease 

Tonga Little change Slight decrease Increase Decrease 

Tuvalu Little change Slight decrease Increase Decrease 

Vanuatu Little change Similar or slight 
decrease 

Increase Decrease
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Rainfall across the southern Pacific islands is strongly influenced by the El 
Niño Southern Oscillation (ENSO) phenomenon (see Chap. 5), whose character-
istics will also be altered by climate change. The La Niña drought of 2011 severely 
impacted parts of Samoa, Tokelau and Tuvalu placing Tokelau and Tuvalu under 
states of emergency and requiring bottled water supply from donors (Kuleshov et al. 
2014). Cyclones and heavy rainfall events can damage water supply infrastructure or 
contaminate drinking water supplies on volcanic islands or continental coastal areas. 
Sea-level rise is expected to inundate 4500 km of PNG’s total shoreline affecting 
30% of the country’s population by 2050 (World Bank 2011). 

The dependence of food production upon rain-fed agriculture across all 
PICTs means that their economies and livelihoods are particularly vulnerable to 
drought and rainfall variability caused by both cyclical influences of ENSO and 
anthropogenically-forced changes to the climate system. Increased variability in rain-
fall patterns, particularly more intense drought periods, significantly increases the 
freshwater vulnerability of islands such as Tuvalu and Kiribati. In rural PNG, the 
droughts of 1997–1998 and 2015–2016 affected over a million people, impacting 
water, and food security and many other sectors (PNG National Disaster Centre 
2016). 

Oceania has the highest regional disaster risk profile (Day et al. 2019) due to its 
exposure to extreme natural events11 and because it is strongly affected by sea-level 
rise. Countries at particularly high risk are Vanuatu, Tonga, Solomon Islands, PNG, 
and Fiji. Critically, some of the Pacific countries at greatest risk to natural disasters 
are those that are the least developed to manage these risks (UNCTAD 2005). 

The intense cyclonic rainfall and runoff experienced in several large volcanic 
islands has caused flooding on the coastal plains. In Vanuatu, Cyclone Pam damaged 
or contaminated water supplies leaving nearly half of the population (110,000) 
without drinking water (Handmer and Iveson 2017). Again, in Vanuatu, Cyclone 
Harold hit amidst COVID-19 lockdown, restricting movement of people and supplies 
needed to assist the cyclone-affected communities. 

2.4.2 Pollution, Water Quality, and Development 

Mortality rate attributed to unsafe water, sanitation, and hygiene services appear to 
be associated with Human Development Index (HDI) rank. Australia (HDI rank 8) 
and New Zealand (HDI rank 14) have a mortality rate of children under 5 years 
of age of 3.1 and 4.7 per 1000 births respectively, Fiji (HDI rank 93) has 21.6, 
Samoa (HDI rank 111) has 13.6, Tonga (HDI rank 104) has 13.4 (UNDP 2020). In 
PICTs, surface water and rainwater are subject to microbial (viral, bacterial, fungal,

11 Risk assessment covers exposure to these hazards: earthquakes, cyclones, floods, drought, and 
sea level rise. 
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Table 2.6 Percentage of people adopting open defecation (UN Water 2021) 

Country Year of data Open defecation % 

French Polynesia 2006 1.52 

Cook Islands 2012 1.12 

Micronesia (Federated States of) 2014 9.5 

Kiribati 2017 28.45 

Marshall Islands 2017 10.06 

Nauru 2017 2.59 

Papua New Guinea 2017 14.47 

Solomon Islands 2017 53.69 

Oceania (excluding Australia and New Zealand) 2017 13.94 

Australia and New Zealand 2017 0 

Table 2.7 Proportion of 
treated sewage for some 
countries with available data 
(UN Water 2021) 

Country Year Percentage of treated sewage 

Tuvalu 2015 0 

Papua New Guinea 2015 6.5 

Palau 2015 0 

New Zealanda 2016 84 

Australiaa 2018 93 

aAustralia and New Zealand data based on Statista (2021) 

protozoan, etc.) contamination often in contact with organic debris. Besides salt, 
such microorganisms are the major contaminants of freshwater in Pacific islands, 
while metal, mineral, pesticide, or other chemical contamination are generally much 
less of an issue (Allen 2020). Many such pathogens can induce illness. Countries 
in Oceania vary widely in terms of sanitation services, as exemplified by the rate of 
open defecation (Table 2.6) and percentage of sewerage treated (Table 2.7). 

Agricultural chemical use, such as fertilizers and pesticides, increased signifi-
cantly from the mid-1990s in the Pacific region and continues to be a threat to water 
supplies and ecosystem health (Diarra and Surendra 2020). Sediment loads arising 
from agricultural and forestry activities also compromise water treatment capacity 
in water supplies (Duncan 2011). 

The highly porous nature of the sandy, calcareous, and volcanic soils commonly 
found on PICTs makes many groundwater resources (especially shallow aquifers) 
and surface waters vulnerable to pollution from sanitation systems (Duncan 2011; 
Dixon-Jain et al. 2014). Aquifers have been polluted through septic tank seepage, as 
was reported in Majuro (Marshall Islands) and Tarawa (Kiribati) where water was 
compromised by septic tank seepage from densely populated urban areas overlying 
shallow aquifers (Falkland 2002). Septic tank seepage is also a significant source of 
contamination of Port Vila Harbour, Vanuatu, leading to the banning of swimming.
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Eutrophication of waters from leaking sanitation systems and agricultural chemicals 
has been identified as the major threat to Pacific aquatic ecosystems (Duncan 2011). 

While the proportion of the population using improved sanitation facility is 99.4% 
for Australia and New Zealand, it is only for 34.2% for other countries in Oceania 
(UN Water 2021). 

The hydropower potential of Pacific islands is being increasingly recognised 
(Hourçourigaray et al. 2014) but is also a threat to freshwater systems by altering 
natural flow regimes. Hydropower systems do offer a potential co-benefit to water 
supply systems which require a consistent daily flow that is supported by storage 
to cover dry periods. Consideration of this dual benefit to water security requires a 
more holistic consideration of hydropower schemes. 

Mining is a significant source of income in Papua New Guinea and Nauru; 
however, impacts of mine waste are potentially catastrophic (Duncan 2011). For 
example, the Ok Tedi Mine located in the central PNG highlands has severely 
impacted the Fly River by discharging tonnes of waste and tailings into the river 
for decades (Carr 2007). This shows that local mining impacts can be extreme and 
affect a much wider environment. In Fiji, mineral extraction has been raised as a 
concern regarding its impact on rivers and waterways, identifying the need for more 
effective regulations (UNDP and SPC 2018). 

Deforestation in catchments of volcanically young, high islands has led to massive 
soil erosion and impacts upon wetlands (SPREP 2011). Soil erosion and sediment 
loads are a significant threat to freshwater ecosystems and near-shore reefs and poten-
tially compromise water treatment capacity in water supplies. In Honiara, Solomon 
Islands, water quality of the Kongulai Spring, which is the source of about 40% of 
the city’s water, is compromised by logging (deforestation) and in 2019 resulted in 
59 shutdowns of the water source as turbidity exceeded public health standards (20 
NTU). To address this issue, Solomon Water is investing in a new water treatment 
plant. 

Contaminants of emerging concern (CECs) are ubiquitous globally (OECD 2017, 
2020) but research on these contaminants is limited across the Pacific. These 
include pharmaceuticals, hormones, antibiotics, micro/nanoplastics, industrial and 
household chemicals, personal care products, pesticides, and flame retardants. 

2.5 Current Efforts and Future Priorities to Achieve Water 
Security 

PICTs face intensifying challenges to achieve adequate access to sanitation and 
safe drinking water, protect sensitive ecosystems, and generate productive use of 
variable water resources (Duncan 2011; Gheuens et al. 2019). These challenges 
require innovative approaches and tailoring of solutions to the complex combination 
of geographical and socio-economic constraints of individual islands. Despite being



2 State of Freshwater Resources in the Pacific 37

Table 2.8 State of national water security in some PICTs as defined by ADB (2020a) 

Country Population 
(in thousands) 

NWS score 

2013 2016 2020 

Cook Island 19 66.3 70.4 72.5 

Fiji 886 57.1 59.8 59.5 

Kiribati 113 45.8 45.8 48.2 

Marshall Islands 55 42.9 40.9 48.9 

Federated State of Micronesia 103 39.5 37.7 42.0 

Nauru 11 55.9 62.0 58.6 

Niue 1.7 55.5 59.9 61.0 

Palau 18 62.8 69.4 73.0 

Papua New Guinea 9,019 41.1 42.8 42.8 

Samoa 198 57.2 62.9 62.8 

Solomon Islands 667 51.9 49.6 49.3 

Tonga 100 61.4 61.4 61.5 

Tavalu 12 47.1 48.3 53.0 

Vanuatu 285 51.1 49.7 49.9 

Average population weighted 11,485 44.1 45.5 45.4 

Average without PNG 2,466 55.3 55.3 54.7 

Note The NWS score represents an index of water security compared to the total water security 
situation of 100 

a global hotspot of water insecurity, ADB (2020a, b) shows some positive trends in 
water security from 2013 to 2020 (Table 2.8). 

Some innovative solutions are offering new ways for Pacific communities to 
enhance their water security and resilience (Poustie et al. 2016) and self-sufficiency. 
Water sensitive cities’ principles are being trialled as part of the RISE (Revital-
ising Informal Settlements and their Environments) program in Fiji whereby local 
solutions are being integrated with broader water resource management to improve 
public health (CRC-WSC 2020). New water filtering technologies are increasing 
effectiveness and decreasing costs of local treatment (Allen 2020). 

In a significant regional policy commitment made in 2014 and known as Samoa 
Pathway (United Nations 2014), Pacific states committed collectively to:

• develop institutional and human capacities for the effective, inclusive, and 
sustainable implementation of the integrated management of water resources;

• provide and operate appropriate facilities and infrastructure for safe drinking 
water, sanitation, hygiene, and waste management systems;

• facilitate the expansion of wastewater treatment, recycling, and reuse;
• improve water-use efficiency and work towards eliminating over-extraction, 

especially of groundwater, and to mitigate the effects of saltwater intrusion.
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Despite such clearly articulated policy visions, PICTs face several challenges to 
achieve SDG 6. 

First, the water supply and sanitation challenge is particularly difficult for rural 
and remote communities that account for 70% of the region’s population. Informal 
urban settlements often have poor sanitation facilities, and water quality alongside 
high population densities. Water, sanitation, and hygiene (WASH) services remain 
inadequate in hospitals of the Pacific (Mannava et al. 2019). According to UNICEF 
(2020), PNG lies at the bottom of all Pacific countries in water and sanitation ranking, 
with over 6,000 diarrheal deaths per year. 

Second, the problems of water management and policy are rooted in some of the 
unique socio-cultural dynamics of the region: (1) coexisting formal and informal 
governance types, (2) customary land tenure and attitudes toward land and water 
ownership, (3) tensions between urbanizing societies and the traditional values of 
subsistence communities, (4) a lack of trust in the capacity of institutions to provide 
core services, and (5) traditional gender roles related to water collection. Most PICTs 
lack gender disaggregated data and policy response (Michalena et al. 2020). Water 
governance is often centralized, focused within a few government agencies, with 
limited coordination between agencies, communities, and the private sector. National 
water and sanitation regulations are limited in scope or absent, and institutional roles 
and responsibilities are unclear in many situations. Situations of ‘legal pluralism’ 
exist wherein indigenous rules come in conflict with the formal state legislations 
(Roche et al. 2019). 

Third, PICTs have high dependency on overseas support, receiving official devel-
opment assistance exceeding 30% of their GDP (Duncan 2011) (see Table 2.11 in 
Appendix 1). Private financing of water and sanitation services is limited due to poor 
cost recovery and a lack of ‘economies of scale.’ Coordination between donors and 
other international and local organizations is generally weak. A recent assessment 
of 32 community-based adaptation initiatives across 20 communities in the Pacific 
suggests a shift towards adaptation that is locally led, with donors and implementers 
becoming facilitators rather than providing highly prescriptive models (McNamara 
et al. 2020). 

Fourth, the low capacity of the water sector in PICTs remains a critical challenge 
(Paeniu et al. 2016; Dahan 2018). Many countries have small administrations dealing 
with the varying complexities of main and outer island issues, without the economies 
of scale. In addition, most PICTs have very small numbers of trained water resources 
specialists, and their ability to undertake strategic planning and action is often limited. 
In a 2007 assessment of IWRM in the Pacific, all the countries identified a lack of 
water resources expertise and baseline knowledge as being a barrier to informed 
decision-making related to water management (SOPAC and UNDP 2007). A 2018 
report again identified expertise and institutional capacity as the major limiting factors 
in the water sector in PICTs (Dahan 2018). Hence fit-for-purpose training, as well as 
increased formal water and environmental education will be an essential component 
of improving water security in the long term.
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Fifth, integration across development, climate change adaptation, and disaster risk 
management remains weak. For example, in Tarawa, Kiribati, the threat of sea-level 
rise and drought exacerbates the existing development pressures of rapid urbaniza-
tion, pollution, and poor sanitation. However, the population of South Tarawa has 
developed sophisticated strategies for coping with inadequate water supply.12 House-
holds follow several advanced water scarcity management principles, such as diversi-
fication of water resources, fit-for-purpose water use, thrifty water consumption, and 
adaptive strategies of water use, depending on the local level of water stress. Collec-
tivism and water sharing also play a critical role in reducing affordability challenges, 
water-related conflicts, and vulnerability to drought. 

Sixth, there is inadequate water data collection, infrastructure, data analysis, and 
reporting to generate action-oriented knowledge to inform decision making in most 
Pacific countries (Kohlitz et al. 2016; Catchlove et al. 2019). Communication across 
sectors and between communities and government is often disjointed. Information 
may also be unavailable due to a lack of data sharing and limited coordination between 
bodies responsible for water management (Dahan 2018). Data on river health and 
threats of many islands is incomplete (Bunn et al. 2019). Researchers have also high-
lighted the need for strengthening local to regional scale information management 
and knowledge brokering (Morioka et al. 2019). 

2.6 Conclusion 

Countries and territories in Oceania vary greatly in terms of freshwater availability 
and water security. Of the largest nations, Australia and New Zealand are at an 
advanced stage of water security; Papua New Guinea, the third largest nation, strug-
gles to ensure water security despite being endowed with plenty of surface and 
groundwater. The freshwater resources of PICTs are generally limited and highly 
variable both spatially and temporally. PICTs also face the additional challenges 
of remoteness, small size, fragility, natural vulnerability, and limited human and 
financial resources, which continue to inhibit progress with SDG 6, despite having 
considerable donor support. Climate change is altering long-term rainfall patterns 
and exacerbating extreme events such as floods, droughts, and cyclones. 

Whilst surface and groundwater resources are available on high volcanic islands, 
they are limited on small, low-lying coral and limestone atolls, giving rise to 
a greater dependence on rainfall. Available water resources are also subject to 
multiple threats—untreated human effluent, mine wastes, agricultural chemicals, 
and sediments from forestry operations. Freshwater lenses are facing saline intrusion 
from over-exploitation, sea-level rise, and storm surges. The development of water

12 Specific examples of improving South Tarawa resilience to climate change are recorded by the 
World Bank (2019) and provide potential solutions to other islands under water stress. 
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resources for human uses has focused on established urban centres, whilst informal, 
smaller, and remote communities frequently lack basic water services. Rainwater 
harvesting, desalination, and bottled water have helped poorer communities in rural 
areas to meet household water demands. 

The future water security of Pacific islands will be determined by the effectiveness 
of climate change adaptation and disaster risk management, integrated with devel-
opment efforts. Investment in infrastructure, institutional capacity, and knowledge 
systems, co-designed in island specific contexts, will be essential. Improved imple-
mentation of enabling national policies and legislation, will help mitigate freshwater 
vulnerability. Sustained capacity development and retention, focusing particularly 
on gender equality and social inclusion, will have a positive impact across all water 
related sectors. Enhanced data collection, analysis, and conversion to actionable 
knowledge will underpin water security. 

If access to improved water and sanitation is to be effectively promoted in Pacific 
island countries, governments must continue to refine policy to ensure good gover-
nance and service delivery. A mixture of integrated water resources management, 
nature-based solutions, and appropriate infrastructure is required to advance SDG 
6 across the Pacific region. There is also an opportunity to deepen partnerships and 
cooperation between advanced water management countries such as Australia and 
New Zealand and the PICTs. 
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Table 2.11 Amount of water 
and sanitation related official 
development 
assistance (million 
2019 USD) received by 
PICTs (UN Water 2021) 

Samoa 2019 8 

Wallis and Futuna Islands 2019 0.012 

Tuvalu 2019 0.026 

Tonga 2019 1.1 

Tokelau 2019 0 

Papua New Guinea 2019 29 

Palau 2019 7 

Marshall Islands 2019 2.1 

Micronesia (Federated States of) 2019 1.5 

Northern Mariana Islands 2019 0 

Niue 2019 0.011 

New Zealand 2019 0 

Vanuatu 2019 4.8 

New Caledonia 2019 0 

Nauru 2019 0.18 

Guam 2019 0 

Kiribati 2019 5.1 

French Polynesia 2019 0 

Fiji 2019 21 

Cook Islands 2019 1.8 

Solomon Islands 2019 17 
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Chapter 3 
Energy Security in the Pacific 

Katerina Syngellakis and Peter Johnston 

Renewable electricity generation has made progress but 
dependence on imported petroleum fuels remains significant and 
climate related risks must also be addressed to strengthen 
energy security. 

Abstract Energy security is a multifaceted concept, depending on whether the 
perspective is national or household level, urban or rural, higher or lower income, 
commercial or individual. Energy security in the Pacific Island Countries and Terri-
tories (PICTs) has progressed in some areas such as energy access and renewable 
electricity generation but less in others such as affordability and energy efficiency, 
while a significant dependence on petroleum imports remains. New aspects of energy 
security are emerging, notably climate resilience, transport, and gender. Better data 
can inform evidence-based decision making but the cost and effort against the avail-
able capacities for data collection and analysis must be considered. While continued 
investment is needed for renewables and energy efficiency, a greater shift in climate 
finance towards adaptation and development of resilient energy systems in the PICTs 
is vital. Finance must also be found for securing petroleum supplies and their safe 
use while they are still needed. 
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3.1 Introduction 

This chapter provides a review of the current status of energy security in the Pacific, 
with a focus on Pacific Island Countries and Territories (PICTs). First, we examine 
what energy security means for the Pacific, the data available to assess energy security, 
and selection of suitable indicators at a regional level. We then present the data 
available for selected indicators and discuss the implications for different aspects of 
energy security. The limitations and challenges, and additional indicators that could 
be used to assess energy security, are then presented. Finally, the chapter touches 
upon future trends that could affect energy security in both a negative and positive 
way and makes some recommendations for the way forward. 

The concept of ‘Energy Security’ has many aspects and thus has been defined 
and refined in many ways over the last 20 years (Raghoo et al. 2018). Assessing 
Pacific energy security should carefully consider the concept from several perspec-
tives (governments, urban dwellers, low-income households, etc.) and both over the 
short-term and longer term (Johnston 2012). Long-term energy security often focuses 
on major investments to secure a more reliable supply which aligns with sustainable 
development and environmental imperatives, while short-term energy security is 
more about the ability of a given energy system to react promptly to sudden changes 
in the supply–demand balance (IEA 2021a). The classic International Energy Agency 
(IEA) formulation focusing on availability, accessibility, affordability, and accept-
ability does not embed the concepts of risk and resilience or address “security for 
whom?”, “security for which values?” and “security from what threats?” (Månsson 
et al. 2014). These are valid questions which are amongst the elements of energy 
security that this chapter will examine. 

All countries are vulnerable to adverse environmental, economic, and financial 
conditions with low- and middle-income countries particularly vulnerable due to less 
diversified and robust economies, often geographical remoteness, a higher depen-
dency on development assistance, and constrained human capacity. The Pacific region 
has a mix of remote high-, middle- and low-income countries with the majority being 
the Pacific Island Countries and Territories (PICTs).1 As these 14 countries and eight 
territories face the greatest challenges in the Pacific in terms of energy security and 
climate change, this chapter focuses on them.

1 For the purposes of this paper, the Pacific Islands Countries are defined as the following 14 
countries: the Cook Islands, the Federated States of Micronesia (FSM), Fiji, Kiribati, Nauru, Niue, 
Palau, Papua New Guinea (PNG), the Republic of the Marshall Islands (RMI), Samoa, Solomon 
Islands, Tonga, Tuvalu, and Vanuatu. For some graphs additional Pacific territories (American 
Samoa, French Polynesia, Guam, New Caledonia, and others), are included or omitted depending 
on data availability. This is indicated in the text and/or the graph as appropriate. Australia and New 
Zealand energy use is much greater than that of the PICTs and is excluded from coverage. 
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Due to their status as middle-, low-income and Least Developed Countries2 and 
natural geographic characteristics, PICTs are extremely susceptible to natural disas-
ters, climate change, external economic fluctuations, and shocks (ADB 2021b). They 
are facing the devastating impacts of climate change including increasing droughts 
and water scarcity, coastal flooding and erosion, changes in rainfall that affect ecosys-
tems, forestry, and food production and have adverse impacts on human health (IPCC 
2021). 

The Pacific region is also expected to be increasingly impacted by cyclones. The 
increasing severity, rainfall, and flooding impacts of these is discussed in Chap. 5. As  
examples of the economic damage from individual storm events, Vanuatu and Fiji 
lost 64% (ILO 2015) and 33% (Government of Fiji 2016) respectively of their GDP 
in 2015 and 2016 when they were hit by Cyclones Pam (Vanuatu) and Winston (Fiji). 
Four PICTs (Papua New Guinea [PNG], Solomon Islands, Tonga, and Vanuatu) rank 
in the top ten globally for disaster risk, where very strong exposure to natural hazards 
combined with poor economic and social circumstances, makes them particularly 
vulnerable (United Nations University 2016). Amongst other aspects, the vulnera-
bility of PICTs is characterized by a high to very high dependence on development 
assistance and remittances, a narrow export base, low foreign direct investment, and 
high poverty rates. PICTs populations are also disproportionately at higher risk of 
adverse consequences of global warming above 1.5 °C. With a very high propor-
tion of PICT populations being coastal and agricultural communities dependent on 
food production and coastal livelihoods, they are particularly threatened by climate 
change induced sea-level rise (IPCC 2018). Impacts of the COVID-19 pandemic 
have exacerbated existing challenges and pose a severe threat to development (ADB 
2021b). 

This vulnerability is further compounded by very high dependence on imported 
fuel for commercial energy production (UNDP 2007) and constrained access to reli-
able, affordable energy. Seven of the ten countries in the Asia and Pacific region 
most vulnerable to oil price volatility are PICTs (ADB 2009). The PICTs’ geograph-
ical isolation and small fuel volumes result in high transport costs which, alongside 
shocks in fuel prices, can decrease both energy and food security. In July 2008, 
for instance, the Republic of the Marshall Islands government declared a State of 
Economic Emergency due in part to high fuel and food prices (CFE-DM 2019). 

Petroleum consumption in PICTs has increased from 76,000 barrels per day to 
almost 110,000 in line with population and GDP growth between 2000 to 2017 
(Fig. 3.1). The top four consumers for which data was available, Fiji, Guam, PNG, 
and New Caledonia, account for about 80% of the total.

2 Kiribati, Solomon Islands, and Tuvalu are classified as Least Developed Counties by the United 
Nations Committee on Development Policy, as of February 2021. 



54 K. Syngellakis and P. Johnston

Fig. 3.1 Pacific Islands and Territories3 petroleum fuel consumption (USEIA, n.d.) 

Recent accurate data showing energy use by sector is not available for the PICTs. 
While there is limited up-to-date and consistent data on the use of commercial 
energy, there is nearly no reliable data on non-commercial energy consumption (e.g., 
wood for cooking).4 ,5 Commercial energy consumption in PICTs from 2000 to 2017

3 Fuel data was available for American Samoa and other US Pacific Island Territories, Cook Islands, 
Fiji, French Polynesia, Guam, Kiribati, New Caledonia, PNG, Samoa, Solomon Islands, Tonga, 
and Vanuatu. Population and GDP data available for American Samoa, Fiji, FSM, Kiribati, RMI, 
Northern Mariana Islands, Nauru, Palau, PNG, French Polynesia, Samoa, Solomon Islands, Tonga, 
Tuvalu, and Vanuatu. 
4 There were a dozen or so household energy surveys carried out in the PICTs during the 1980s 
which weighed wood and other biomass (converted to dry weight equivalent) used for cooking and 
some agricultural drying but biomass energy use since then has mostly been estimated, based on 
rural population changes and households which reportedly (census, household income and expen-
diture surveys, ADB & UNDP-funded household energy surveys) cook with biomass. There is still 
considerable biomass cooking in most PICs in both urban and rural communities, but the accuracy 
of data is questionable. 
5 There is some data on bagasse (sugar cane fibre) for electricity generation. 
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Fig. 3.2 Averaged commercial energy consumption in seven PICs 2000–2017 (USEIA, n.d.) 

Fig. 3.3 Breakdowns of 
commercial (petroleum) 
energy use in the PICTs in 
2017 

(Fig. 3.2) shows a modest 2% average annual increase in commercial energy use in 
representative PICTs.6 

Final commercial energy consumption by sector was estimated at 38.4% trans-
port, 10.9% residential, 41.4% industry, and 9.3% others in 2008 (APEC, ADB 2013). 
Based on 2017 data from IRENA and USEIA, and power sector fuel consumption 
from the Pacific Power Association (PPA), commercial energy use has been approx-
imated at 56% transport, 34% electricity, and 10% other uses (see Fig. 3.3). The lack 
of sectoral data at the national level and the uncertainty and inconsistency regarding

6 Due to data limitations this only covers the following seven countries: Fiji, Kiribati, PNG, Samoa, 
Solomon Islands, Tonga, and Vanuatu. 
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final energy consumption by sector demonstrates the need for improved data collec-
tion, analysis, and dissemination. The available sectoral breakdowns are qualitative, 
but access to energy for transport (currently petroleum) is a crucial factor in energy 
security, although PICT policies and targets have focused primarily on a transition to 
renewables in the electricity sector as shown in the following sections of this chapter 
and covered in detail in Chap. 12. 

3.2 What Does Energy Security Mean for the Pacific 
and PICTs in Particular? 

The concept of energy security was developed by the IEA in the 1970s and initially 
concerned adequate supplies of liquid petroleum fuels, gas, and electricity for the 
wealthier nations. Today it considers the adequacy of responses to energy supply 
and distribution problems to maintain or improve reliance. It can be ambiguous, 
can involve different priorities for different people, government, or organizations 
and has evolved and is still evolving with time. Governments may assume that less 
reliance on petroleum imports, a higher percentage of energy from local renewable 
resources, improved efficiency of energy end-use, affordability, and a wider range 
of sources for petroleum fuels automatically improve energy security (UNESCAP 
2012). However, these goals can often compete and there may be different short-term 
and long-term dimensions (UNESCAP 2012). Regardless of the definition adopted, 
changes in PIC energy security over time are not easy to definitively quantify due 
to incomplete data and multiple ways in which energy security could potentially be 
defined and measured. 

The traditional and most broadly accepted definition is that of the IEA (2021a): 
“the uninterrupted availability of energy sources at an affordable price” with long-
term aspects (timely investments to supply energy in line with economic develop-
ments and environmental needs) and short-term (the ability of the energy system to 
react promptly to sudden changes in the supply–demand balance). In the past, the 
emphasis was on petroleum and other fossil fuels but recently the IEA has included 
renewables and promoted the need for reducing vulnerability by improving resilience 
to a wide variety of shocks, including natural disaster and geopolitical conflicts. 

Despite evolution in the IEA approach, there is no consensus on a definition 
of energy security (Ebinger 2011) in part because the concept depends on where 
in society one sits: governments tend to emphasize measures to mitigate supply 
disruptions (e.g., through supply diversification or energy stocks), private citizens 
and small business want reliability and affordability, and urban communities want to 
avoid power disruptions. For low-income groups and rural communities, a limited 
basic supply of commercial fuel and electricity can empower women and girls, lead 
to better education for children, and improve health and healthcare. For the poor, 
energy security is also often about guaranteed access.
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In Australia, the Clean Energy Council defines energy security in relation to the 
electricity grid or power system and includes “the grid’s capability to react and 
recover securely to major events such as faults or generation tripping” while the 
Federal Government takes a broader definition, that energy security consists of “ade-
quate, reliable and competitive supply of energy across the electricity, gas and liquid 
fuel sectors, where reliability is the provision of energy with minimal disruptions to 
supply” (Australian Government 2012). 

Only in the last decade has there been much discussion of what energy security 
means for PICTs with the concept becoming associated in part with the transition 
to renewable energy and linked to climate change mitigation. On the other hand, 
until recently PICT energy policies, strategies, and plans either did not mention at 
all or placed little emphasis on adaptation to climate change for energy systems. 
This is starting to change with the new regional Framework for Energy Security and 
Resilience in the Pacific (FESRIP: 2021–2030),7 which was endorsed by the region’s 
leaders at the 2021 Pacific Island Forum (PIFS 2021).8 

FESRIP emphasizes energy sector climate robustness and resilience (SPC 2021) 
and PICT governments are beginning to integrate climate change adaptation into 
energy plans, for example, the Tonga Energy Road Map Plus Framework (Govern-
ment of Tonga 2020). However, the identification of increased energy security with 
increased use of renewable energy and responses to the climate emergency have 
not been taken up universally across the Pacific region, with the Australian Federal 
Government’s hesitancy to move away from fossil fuels9 at odds with most PICTs 
and individual Australian states and territories which are setting targets of 100% 
renewable electricity and making net zero pledges. Additionally, the ban on nuclear 
power stations in both Australia and New Zealand means that non-fossil fuel tran-
sition will necessarily be towards renewables. Therefore, the reality of energy secu-
rity in the Pacific region and the PICTs remains complex, is evolving and involves 
several, sometimes competing government and societal aspects, such as reliability, 
cost, availability, and universality of supply versus affordability and climate action 
versus national security considerations. 

The PICT’s Framework for Action on Energy Security in the Pacific (FAESP): 
2010–2020 (SPC 2010), stated that, “Energy security depends on the availability, 
accessibility, affordability, stability, and uses of energy” and “Energy security exists 
when all people at all times have access to sufficient sustainable sources of clean 
and affordable energy and services to enhance their social and economic well-
being”. This definition is highly ambitious, and not easy to quantify and therefore 
measure progress over time. The 2020–2030 FESRIP does not provide a definition 
but specifies that its focus is on “improving energy sector robustness and resilience

7 Some information from an early draft FESRIP, for which one of the authors was the lead consultant, 
has been used in this chapter. 
8 This ‘virtual’ summit included 9 PICT leaders, 3 PICT ministers or envoys and the Prime Ministers 
of Australia and New Zealand. 
9 The Australian Prime Minister has announced a conditional net-zero target by 2050 (BBC 2021) 
but coal, oil, and gas production will keep growing at least until 2040, reaching levels more than 
double what is needed to prevent a 2 °C temperature rise (UNEP 2021). 
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to adverse climate change and natural disasters …, universal access to secure, robust, 
sustainable and affordable electricity, transport fuel and household energy services 
that are increasingly supplied by renewable resources, with improved energy effi-
ciency, upgraded energy infrastructure and improved technologies”. Those aspects 
most commonly used to describe energy security or used alongside energy security 
and other joint objectives in the FESRIP and PICT national energy frameworks, 
roadmaps, strategies, and policies include:

• Reliability of supply
• Accessibility
• Affordability
• Efficiency of use
• Environmental quality/Renewable energy
• Resilience
• Adequate institutional frameworks and enabling environment
• Sufficient capacity, technical knowledge, and data availability 

Achieving energy security is linked to various socio-economic benefits, including 
energy for the transport and productive sectors, water, and agriculture in particular. 
Energy security is also strongly linked to an affordable energy supply for key indus-
tries such as tourism which drives the economies of several PICTs. For health, energy 
has always been a key consideration, with an emphasis on electricity as vital for good 
functioning of health facilities. This has again been evident during the COVID-19 
pandemic, for example for vaccine refrigeration. Lastly, achieving energy security 
links to a wide variety of socio-economic and environmental targets of the Sustainable 
Development Goals, as discussed in detail in Chap. 16. 

3.3 Measuring Energy Security in the PICTs 

3.3.1 Energy Security Indicators 

A set of 36 quantitative and qualitative indicators was developed in 2011 to provide 
a means to measure changes or achievements in energy security (SPC 2011a). From 
these, this paper selects six indicators to discuss the status of energy security in 
the PICTs. These six indicators have not been chosen to cover all energy security 
aspects mentioned above but rather are in the opinion of the authors among the more 
unambiguous indicators and also those for which data are available and reasonably 
accurate. The six indicators of Table 3.1 are used to exemplify estimates and aspects 
of energy security in the PICTs.



3 Energy Security in the Pacific 59

Table 3.1 Indicators to assess aspects of PICT energy security 

Indicator Aspect of energy security 

1. Petroleum fuel imports as a percentage of GDP Affordability (at the national level) 

2. Energy cost as percentage of household 
expenditure 

Affordability (at the household level) 

3. Changes in the average electricity tariff Affordability, reliability of supply 

4. Percentage of households electrified Access 

5. Renewable energy as a share of electricity 
generation 

Reliability of supply, environmental quality 

6. Number of energy and climate policies that 
promote renewable energy and energy efficiency 

Institutional frameworks and enabling 
environment 

3.3.2 Status of Energy Security in PICTs 

Has energy security changed over time in PICs and how? Here we examine selected 
indicators (Table 3.1) and estimate the current state of energy security in the PICTs 
based on available data. 

Indicator 1: Petroleum fuel imports as a percentage of GDP. This indicator 
assumes that these are retained imports, excluding re-exports.10 The data show a 
mixed situation (Fig. 3.4). Despite an overall reduction in fuel imports by value across 
the region, heavy dependence remains. For some of the smaller countries the value of 
fuel imports/GDP have changed by 5% or less – essentially unchanged.11 However, 
for most, imports as a percentage of GDP have fallen over the period. Using the 
Caribbean as a benchmark where oil imports average 9% of GDP (CCREEE 2018), 
most PICTs are similar with 2015 fuel imports in seven PICs accounting for 6 to 
12% of GDP. The PICTs have done slightly better overall than the Caribbean, with 
an average of 7.5% in 2018–2019.

Indicator 2: Energy cost as percentage of household expenditure. The  value  
is largely the same for 2009 and 2015 (Fig. 3.5). However, the data collected do not 
indicate the difference between rural and urban households or between higher and 
lower-income households. Energy expenditure as a percentage of total household 
expenditure of low-income households is typically between 2 and 10% in Africa and 
Asia (Bacon et al. 2010), while low-income households in the United States spend 
on average between 4 and 14% of their income on energy (USDOE 2018). The share 
across different income groups in Latin America ranges between 7 and 9% (IADB 
2021). PICT data, ranging between 4 and 23% in 2015, is averaged across income

10 Re-exports are significant for Fiji, Guam, and sometimes other PICTs. 
11 For the smaller PICs, with only a few fuel shipments per year, a shipment might arrive either 
late one year or early the following year, skewing the data for both years. A 5% change in imports 
year-to-year does not indicate the same percentage change in consumption, as fuel stock levels at 
year-end will also differ. 
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Fig. 3.4 PICT petroleum fuel imports as percentage of GDP (SPC 2017; PRIF  2021a)

Fig. 3.5 Energy expenditure as percentage of total household expenditure (SPC 2017)

groups and so may indicate that households’ energy expenditure is relatively high 
in many PICTs. This indicator may also signal vulnerability to future energy price 
changes, and to increases in food and transport costs which are impacted by energy 
cost increases. 
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Fig. 3.6 Residential utility (grid-connected) electricity tariffs in PICs (SPC 2019; PRIF  2021a) 

Indicator 3: Changes in the average grid-electricity tariff. After a peak in 
2012, residential tariffs across the region had dropped by 2018–2019 (Fig. 3.6). This 
reflects the trend in world oil prices (PRIF 2021a). However, in some PICTs subsidies 
and below cost tariffs are still being used to keep electricity price at an affordable 
level. While there is a role for subsidies for low-income households, below cost tariffs 
applied too broadly could have negative impacts for energy security as governments 
have to cover the cost of subsidies. Utilities that do not charge or recover the full 
cost of supply will be less able to provide consistent and reliable operation and 
maintenance (O&M) and therefore more reliable electricity in the long run. 

The mean PICT residential electricity tariff in 2012 was 0.46 USD/kWh, while 
by 2018–2019, the mean was 0.36 USD/kWh (PRIF 2021a). For commercial users 
across the PICTs, the mean electricity tariff in 2012 was 0.49 USD/kWh which by 
2018–2019 had dropped to 0.41 USD/kWh per kWh (PRIF 2021a). Other categories 
of users, such as industry and government broadly follow the same pricing trend as 
commercial users. 

The Caribbean, with an average of 34c/kWh (Renewable Energy World 2017) 
shows that electricity supply in the Pacific for both residential and commercial users 
is generally more expensive than in a comparable island region which has a far higher 
per capita GDP. High cost could be a barrier for access to electricity for low-income 
PICT households, as well as a significant operational cost for businesses. 

This indicator is for grid-supplied electricity and does not tell the whole story: 
in remote communities and smaller islands which are not serviced by a utility grid, 
the tariff often exceeds USD 1.00/kWh (Mofor et al. 2013). Actual supply cost for 
both on-grid and off-grid electricity are likely to be higher than the price consumers
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Fig. 3.7 Average percentage of population electrified (Source World Bank 2000, 2017; SPC 2012; 
SPC & PRIF 2019) 

are paying as many PICTs provide subsidies (whether explicit or indirect) to protect 
consumers from the full price of power generation (ADB 2021a). 

Indicator 4: Percentage of households electrified. This indicator gives a reason-
able measure of access to energy, although for many countries, the quality and avail-
ability of electricity supply to households and to men and women is not uniform. 
Grid-connected households enjoy a higher level of service and availability than those 
connected through off-grid systems where service is often only 4–6 h of supply per 
day with more frequent and longer interruptions due to lack of fuel and/or O&M. 
The average electrification rate across the region increased from under 70% in 2000 
to almost 90% in 2017 (Fig. 3.7) with many countries at or almost at 100% (Fig. 3.8).

An appropriate step to refine this indicator would be to consider equity of access 
between men and women and level of service, including, for example, hours of elec-
tricity available per day and number and length of outages. Electrification has brought 
with it, especially in rural areas, access to technologies to assist with water supply 
(pumps, reverse osmosis, desalination) for both consumption and productive use in 
agriculture and tourism and with food storage and processing (freezers, small-scale 
agro-processing mills) and communication technologies (mobile phone, internet) 
which have enabled micro and small business development, although these benefits 
need further research to be quantified. 

Indicator 5: Renewable energy as a share of electricity generation. PICTs, and 
small island developing states (SIDS) in general, are often touted as examples of an 
ambitious transition towards renewable energy so this is a key indicator to measure 
that progress. Renewable electricity is also seen as a key pillar of diversification of 
supply with numerous aims, including reduced dependency on fossil fuels, increased 
reliability of supply, reduced cost, and mitigating climate change. It is difficult to 
judge whether the increased use of renewables has met all of these aims.
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Fig. 3.8 Household Electrification Rates for 14 PICTs 2000–2017 (Source World Bank 2000, 2017; 
SPC 2012; SPC & PRIF 2019)

An absolute increase over time in renewable power production (GWh) relative 
to petroleum-based generation does suggest increased energy security.12 By this 
measure, renewable energy generation has remained substantively unchanged at 28% 
of the PICT total (Fig. 3.9) since 2000. This is about the same as renewable energy 
generation globally, which was 26% in 2018. However, if two of the largest countries 
of the fourteen (PNG and Fiji) are excluded, renewable energy as a percentage of 
generation grew from 14% in 2000 to 21% in 2017, a significant diversification of 
electricity supply contributing to improved electrical energy security for the twelve 
smaller countries.

Despite substantial investments since 2000, there is still a heavy PICT dependence 
on fuel imports (Fig. 3.10) in part because Pacific economies continue to evolve with 
generally increasing trends in power demand. In Fiji for example, there has been an 
average annual demand increase of over 3% from 2017–2019 (EFL 2020).

The two graphs above do not paint the whole picture regarding development 
of renewable energy in the Pacific. There has been a significant increase in GWh 
of renewable generation since 2000, with solar PV generation (Fig. 3.11) growing  
from less than 0.1% of generation to 7.2%. There have been, and are, also ongoing 
investments in hydropower in several PICTs, notably the 40 MW Nadarivatu hydro in 
Fiji, and the rehabilitation of hydro in Samoa, both completed, as well as the 15 MW 
Tina hydropower plant in the Solomon Islands and the 400 kW Brenwe hydro plant 
in Vanuatu which are under construction (PCREEE 2020). This chapter does not 
provide details of specific sustainable energy technologies and future trends in the 
energy transition for the Pacific as these are covered in Chap. 12.

12 This would provide more energy if fuel supplies were disrupted compared to a 100% petroleum 
facility. 
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Fig. 3.9 Electricity generation for 19 PICTs from 2000 to 2017 (GWh)13 (Source Calculated from 
data available at https://www.irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb IRENA)

Fig. 3.10 Percentage diesel contribution to PICT electric power, 2016 (URA 2017)14 

If PICTs are divided into the larger Melanesian, small-to-mid-sized Polynesian, 
and smaller Micronesian categories, renewables as a percentage of main-grid elec-
tricity generation differ considerably,15 as illustrated in Table 3.2, reflecting that for

13 This graph includes data from American Samoa, Cook Islands, Fiji, French Polynesia, Guam, 
Kiribati, RMI, FSM, Nauru, New Caledonia, Niue, Palau, PNG, Samoa, Solomon Islands, Tokelau, 
Tonga, Tuvalu, and Vanuatu. 
14 Vanuatu has two commercial power utilities, UNELCO and VUI.
15 Melanesia = Fiji, New Caledonia, PNG, Solomon Islands, and Vanuatu. Polynesia = American 
Samoa, Cook Islands, French Polynesia, Niue, Samoa, Tokelau, and Tonga. Micronesia = Federated 
States of Micronesia, Guam, Kiribati, Marshall Islands, Nauru, Palau, and Tuvalu. 

https://www.irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb
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Fig. 3.11 PICT solar PV generation 2000–2017 (GWh) (Source Calculated from data available at 
https://www.irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb IRENA)

Table 3.2 Renewable 
electricity in Melanesia, 
Polynesia, and Micronesia 
(2017)16 

Category Melanesia Polynesia Micronesia 

RE as % of generation 37 25 4 

Solar PV as % of RE 2 26 99 

Source Calculated from data available at https://www.irena.org/ 
IRENADocuments/IRENA_Stats_Tool.xlsb 

the smaller Pacific islands, solar is the main option for renewable energy generation. 
To reach higher levels of penetration large amounts of energy storage will also need 
to be installed in the future. 

Indicator 6: Number of energy and climate policies that promote renew-
able energy and energy efficiency. Since 2010 there has been a steadily increasing 
realization of the urgency of promoting sustainable energy among PICTs in both 
energy and climate change policies (Fig. 3.12). Among the strategies is a commit-
ment to targets for renewable energy electricity production (Table 3.4) and to a 
much lesser extent energy efficiency. The development of policies which explic-
itly promote renewables and energy efficiency strengthens the enabling environment 
for implementation and is an important step in developing the legislation, regula-
tions, standards, and business models required to meet policy objectives. The PICs 
have also made commitments to RE and EE through their Nationally Determined 
Contributions (NDCs) to the Paris Agreement.

16 Guam accounts for 85% of Micronesian generation but the above percentages do not change 
appreciably if Guam is excluded. 

https://www.irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb
https://www.irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb
https://www.irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb
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Fig. 3.12 Number of endorsed energy and climate policies promoting renewable energy and energy 
efficiency 

Table 3.3 Feed-in tariffs and 
net metering in PICs 

Country Feed in tariff Net metering policy 

Cook Islands Yes Yes 

Fiji Yes18 No 

FSM Yes No 

Kiribati No No 

Nauru No No 

Niue No No 

Palau Yes Yes 

PNG Yes No 

RMI No No 

Samoa Yes No 

Solomon Islands Yes No 

Tonga Yes Yes 

Tuvalu No No 

Vanuatu Yes Yes

Table 3.3 examines the prevalence in PICs of two other key policy measures which 
have been successful catalysts for supporting growth in renewables in many countries 
globally, namely net metering and feed-in tariffs (FIT)17 (Mofor et al. 2013; Shokri 
and Heo 2012; El-Ashry  2012; IRENA 2019). 

17 Both feed-in tariff (FIT) and net metering are methods the power utility uses to compensate a 
homeowner or producer for energy fed back into the grid. Net metering requires one meter which 
runs backwards when the solar panels produce more electricity than the consumer uses. The price 
the utility pays for power is the same as the selling price. FIT requires two meters, one to measure 
consumption, the other to measure generation, which allows different pricing for consumption and 
generation (Applied Materials, Inc. 2009). 
18 There was a regulated FIT up to early 2020 but currently there is no minimum FIT applied. 
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Table 3.4 Renewable electricity targets and renewable energy generation for selected PICTs in 
2000 and 2017 

Country Renewable energy targeta (%) By 
[year] 

Actual 
2000 

Actual 
2017 (%) 

Cook Islands 100 2020 0.0% 15.1 

Fiji 100 2030 82.4% 53.5 

FSM 30 2020 0.0% 2.7 

Kiribati 23 (South Tarawa) 2025 0.0% 17 

Nauru 50 2020 0.0 2.5 

Niue 80 2020 0.0% 0.0 

Palau 45 2025 0.0 2.1 

PNG 100 2030 57.1% 69.2 

RMI 100 2050 4.2% 2.8 

Samoa 100 2025 54.0% 60.4 

Solomon Islands 79 2030 1.4% 7.8 

Tokelau 100 Long-term 0.0% 98 

Tonga 50 2020 0.2% 9.3 

Tuvalu 100 2020 0.2% 23.3 

Vanuatu 100 2030 1.8% 20.7 

aRE targets are from Renewable Energy Costs in the Pacific (PRIF 2019), except for RMI which 
is from the RMI Renewable Electricity Roadmap (Government of the Republic of the Marshall 
Islands 2018); Source for 2000 and 2017 data is: calculated from data available at https://www. 
irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb 

Arguably the policies which have been developed over the last decade have 
catalyzed development of RE in the power sector (as discussed above). However, 
there is a significant gap between the targets set and their achievement. This is 
most easily quantifiable by the most common target set across PICTs which is for 
electricity generation from renewables. As shown in Table 3.4, although most coun-
tries have made progress, the ambitious policy (and NDC) targets are not being 
achieved (Michalena et al. 2018). Much electricity sector legislation and regula-
tions are outdated and do not reflect recent technological developments, including 
renewables. Feed-in tariffs are still unclear and usually technology neutral. 

When renewable energy and energy efficiency (EE) are pursued together, they 
result in higher shares of renewable energy, a faster reduction in energy intensity, 
and a lower cost for the energy system (IRENA 2017). Table 3.5 summarizes some 
measures put in place by PICTs and indicates that fiscal and regulatory incentives are 
lacking for energy efficiency, particularly in the buildings sector. Samoa incorporated 
minimum energy performance standards in its 2017 national building code (SEIAPI 
2019) and EE standards have recently been proposed for revised building codes 
in the Solomon Islands and Vanuatu (PRIF 2021b, c) while Fiji is in the process 
of developing guidance for energy efficiency in buildings to be integrated into the

https://www.irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb
https://www.irena.org/IRENADocuments/IRENA_Stats_Tool.xlsb
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Table 3.5 Energy efficiency 
fiscal and regulatory 
incentives in PICTs 

Fiscal or regulatory incentives for improved energy efficiency19 

Country Appliances Vehicles Buildings 

Cook Islands No Yes No 

Fiji Yes Yes Proposed, 2021 

FSM No No No 

Kiribati No No No 

Nauru No No No 

Niue No No No 

Palau No No No 

PNG No Yes No 

RMI Yes No No 

Samoa No Yes Yes, 2017 

Solomon Islands No No Proposed, 2021 

Tonga No Yes No 

Tuvalu No No No 

Vanuatu No No Proposed, 2021 

Sources SPC (2016), SEIAPI (2019), PRIF (2021b, c) 

Fiji building code (GGGI 2022). Renewable energy and energy efficiency should 
be included in the development or review of building codes across all PICTs (PRIF 
2021d). 

Despite gaps in policy and regulatory measures, EE remains a significant untapped 
opportunity for a cost-effective increase in energy security in PICTs (Johnston 2012; 
SPC 2021). Only two major EE regional initiatives have been undertaken over the 
last decade (ADB 2012; SPC 2011b). Although EE is mentioned in numerous PICT 
energy policies, there has been a shortage of funding and concrete actions. The slow 
implementation of EE is incongruous with its potential significant benefits for the 
PICTs and therefore could be a low hanging opportunity for improvements in the 
near future. To reach the IEA’s Sustainable Development Scenario by 2040, and a 
maximum global temperature increase of 1.5–2.0 °C by 2050, improved EE globally 
must deliver over 40% of the reduction in energy-related greenhouse gas emissions 
(IEA 2020, 2021b). There have been no assessments of the percentage of PICT 
energy sector investments which should be dedicated to cost-effective EE to meet 
PICT mitigation targets and improve energy security, but it is undoubtedly significant.

19 Including lower import duties and taxes and standards and energy efficiency regulations for 
appliance and vehicle imports. 
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3.3.3 Limitations of Current Measurement of Energy 
Security in PICTs 

The energy security indicators above have their limitations. For example, electrifica-
tion may not be sustained if a grid is highly susceptible to flooding in low-lying areas 
or to cyclone winds. Off-grid systems may be inoperable for long periods waiting 
for repairs. Changes in the electricity tariff might not be a true indication of afford-
ability if the consumer price is less than the cost of supply, which in itself creates 
financial insecurity for the supplier and may make the supply unsustainable in terms 
of fuel purchase or effective O&M, leading to brown outs or black-outs and even 
termination of service. The vast majority of the policy objectives and targets devel-
oped refer only to the power sector, excluding any commitments for the transport 
sector (land, maritime, and aviation) which is still 100% dependent on petroleum 
fuels. Diversification of fuel supply, for both electricity and transport, also needs to 
be addressed within policies and plans to strengthen energy security and this also 
needs to be reflected in appropriate indicators. 

Some discussion of quantifying other aspects of energy security, such as reliability 
of supply and efficiency of use and areas for improvement of indicators to measure 
energy security in PICS, is provided in Sect. 3.5. The indicators above do not paint 
a clear picture of PICT energy security trends as there is reasonably consistent data 
across the fourteen countries for only between two and four years for most indicators. 
Data from SPC’s Pacific Regional Data Repository (PRDR—https://prdrse4all.spc. 
int/) has been supplemented from various sources but significant gaps remain. For 
the Pacific territories, information is even more scattered. An ongoing systematic 
collection of additional data for recent years would improve the ability to analyze 
trends alongside strengthening capacities and technical expertise in PICTs institu-
tions including collection, management, distribution, and analysis (SPC 2019; ADB 
2021b). To plan and act effectively for a more energy secure future, good data are 
vital. 

3.4 Climate Change and Energy Security 

Accounting for, and adapting to, the impact of climate change is essential for the 
future energy security of PICTs for supply and demand for RE but also for fossil fuels. 
Bulk fuel storage capacity is a good short- to medium-term security indicator but 
only if installations account for and mitigate the risks of flooding, sea level rise, and 
increased intensity of cyclones due to climate change. Energy secure facilities need 
to be well-maintained and located in areas unlikely to flood,20 with independent 
certification indicating high resistance to floods and cyclone damage, as it is for 
renewable installations. In Fig. 3.13 (Climate Central Inc. 2021) for Tonga’s main

20 There is considerable anecdotal evidence but few, if any, recent independent assessments on the 
safety of bulk storage in the Pacific, required for meaningful indicators. 

https://prdrse4all.spc.int/
https://prdrse4all.spc.int/
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Fig. 3.13 Tongatapu, Kingdom of Tonga land at risk of flooding by 2050 (Climate Central Inc. 
2021) 

island of Tongatapu, land shown in red is highly vulnerable to future flooding during 
the lifetime of new facilities constructed now; any energy facilities located there only 
provide long-term security if specifically designed for flood conditions, if at all (SPC 
2021). 

Some types of energy generation may be more vulnerable to adverse climate 
change than others, as illustrated in Table 3.6. The interface of water resources 
(Chap. 2) on energy generation and security is also shown to impact oil storage, 
natural gas, hydropower, and biomass technologies.

Short-term vulnerability to climate change, and thus reduced energy security, is 
exacerbated by Pacific specific practices and environmental conditions. These are 
(SPC 2021):

• Most electric power lines are overhead and often close to trees, susceptible to high 
winds and storms.

• Power generation is usually located in low-lying areas and subject to flooding or 
sea level rise damage.

• Fuel pipes and tanks are often only several meters from the sea, and subject to 
damage or destruction from storms, and in the longer-term sea-level rise.
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Table 3.6 Indicative short-term impacts of climate change on power generation, transmission, and 
end use in PICs 

Technology
∆ Air 
temp 

∆ Water 
temp 

∆ Water 
availability 

∆ Wind 
speed 

∆ Sea 
level

Floods
Heat 

waves
Storms 

Oil storage 1 2 1–3 – 1–3* 3 1 2–3 

Natural gas 1 2 1–3 – – 3 1 – 

Hydropower – – 1–3 – – 3 – 1 

Wind – – – 1–3 3* – – 1 

Photovoltaic (PV) – – – – – – 1 1 

CSP/Solar tracking – – – 2 – 1 1 2 

Biomass/Biofuel 1 2 1–2 1–3* 3* 3 1 – 

Geothermal – – – – – 1 – – 

Ocean – 1 – – 1 N/A – 3 

T&D grids 3 – – 1 3* 1–2 1 2–3 

End use 2 – – – – – 3 – 

Notes 3=Severe Impact; 2=Medium Impact; 1=Limited Impact; – = No Significant Impact; N/A = Not Applicable 
CSP = Concentrating Solar Power; ∆ = ‘change in’; *=coastal or low-lying areas; T&D = transmission & distribution 

(Source SPC 2021)

• Biomass production for power generation or biofuel conversion is subject to the 
full range of vulnerabilities of agricultural systems in general, including effects 
of changing rainfall patterns, temperature changes, and winds.

• Where climate change increases cloud cover or even the speed of cloud movement, 
PV output can suffer significantly, especially if a single inverter services the entire 
PV array.

• There is a lack of climate modelling for hydropower generation, where rainfall 
patterns are changing in catchment areas. 

Finally, although the impact of climate change on energy demand is uncertain, there 
is some evidence that an increase in demand from increased use of air conditioning 
may arise. 

Uncertainty remains around the exact impacts of climate change on energy supply, 
distribution, storage and generation across fossil fuels, traditional biomass and renew-
able energy, as well as its influence on demand as there is limited data to assess the 
above dimensions and technologies. Given the vulnerable status of energy secu-
rity and the need to plan ahead21 to improve resilience and energy security, further 
investigation into supply-side and demand-side impacts of climate change should be 
undertaken with urgency and integrated into the appropriate regulations and policies, 
insurance and financing and risk modelling.

21 Energy generation systems typically operate for 30 years or more if reasonably well-maintained. 
Systems built today should be designed for conditions expected or anticipated by 2050. 
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3.5 Monitoring Progress—Future Challenges 
and Indicators for Energy Security 

This chapter cannot capture all the aspects of energy security in the Pacific. Impor-
tant aspects not discussed but included in SPC’s energy security indicators, provide 
opportunities for further assessment of progress including energy intensity (MJ/US$ 
of GDP), carbon footprint (tonnes of CO2 emissions/GDP or per capita), and fuel 
supply security (days of storage). As the PICTs transition to renewables (Republic 
of the Marshall Islands 2018; Government of Fiji 2018; Government of Tonga 2020; 
SPC 2021; ADB 2021b), the supply, storage, and distribution of fossil fuels in the 
interim needs to be secure. For regional security the main fuel re-exporting PICTs 
should agree to share with the other PICTs in times of supply crisis if tankers are 
available. The capacity of bulk fuel storage in days or months of consumption is 
an appropriate indicator of short- to medium-term national energy security if the 
storage facilities are well-maintained and not in danger of failure in the short-term 
or to severe threats of climate-induced disruption in the medium- to long-term. An 
improved measure of fuel security might be storage capacity restricted to those facil-
ities that meet international safety standards, are well maintained, and are resistant 
to floods and climate change (SPC 2021). 

Considering the emergence of resilience to climate change and the transport sector 
as crucial dimensions of energy security, the indicators used to measure security 
should be re-assessed at the regional and national level. Indicators examined in this 
chapter show the limitations of a focus on electricity but also the difficulty in selecting 
measurable, fair, transparent, and equitable indicators and timely data acquisition. 
It is further recommended that additional indicators be considered. The following 
dimensions would enrich the conversation around energy security in the Pacific:

• improved resilience/responsiveness of energy infrastructure to adverse climate 
change and natural disasters;

• development of energy policies and plans that demonstrate robustness to known 
and likely risks of future events, not static plans for a fixed objective;

• consideration of both the short to medium-term reality of continued dependence on 
petroleum fuel as well as the long-term perspective of the shift to 100% renewable 
electricity (Table 3.4) and net-zero emissions by 2050 (Government of Fiji 2018; 
Republic of Marshall the Islands 2018);

• more emphasis on how different sectors and demographics of society are affected 
by energy insecurity (government, business, electricity consumers, the poor, 
women, etc.);

• attention not only to electricity services but also to the land, maritime, and air 
transport sectors;
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• attention to various risks affecting the energy sector that the region may face in the 
next 30 years or more (pandemics, tourism22 trends for tourism-dependent PICs), 
prioritizing those which are considered most likely and with major impacts; and

• improved site environmental management (for coastal and other areas sensitive 
to climate change, flooding, etc.). 

Indicators for these would vary for Government, the commercial sector, urban 
dwellers, rural people, and rural economic activities. A non-exhaustive list of possible 
indicators for the different energy security dimensions above are presented in Table 
3.7 which could assist to strengthen monitoring of progress towards sustainable 
energy security.

This is an extensive list yet is far from complete and omits some key areas such 
as rural non-commercial energy use. Measuring rural biomass use for cooking and 
agricultural processing, for example, would require surveys (physical measurements) 
of the quantities used, which are expensive and difficult to carry out across all the 
PICTs. 

Existing indicators (Sect. 3.3) and others developed by SPC (2011a) can also be 
used alongside the proposed indicators (Table 3.7) to give a fuller picture of energy 
security in the Pacific in the future. Apart from using a wider selection of indicators, 
access to accurate, consistent and up-to-date national energy data to measure progress 
is essential and remains an issue. The need for improved data has been highlighted 
at numerous meetings of the region’s energy ministers in the past decade, most 
recently in September 2019 at the Pacific Energy Ministers’ meeting (SPC 2019).23 

Having advocated for more indicators it is also important to bear in mind the capacity 
for data collection and analysis. National staff (including national statistics offices, 
departments of energy and transport, power utilities, etc.) are already hard-pressed 
to gather and analyze data in many areas. Therefore, to strike a balance, it may be 
useful to agree on a minimum set of indicators for which data can be reliably and 
regularly collected at reasonable cost, and which enable a satisfactory monitoring of 
progress of energy security. 

3.6 Conclusion and Recommendations 

Energy security in the PICTs has progressed in some areas (energy access, renewable 
power generation, reduction in petroleum imports as a percentage of GDP), and 
enabling environment (more so for RE than for EE) but arguably not in others such 
as energy cost and affordability, while other aspects are difficult to assess at this time. 
It is also clear that there are many different aspects of energy security, and each can

22 In the Caribbean, air-conditioning accounts for nearly 50% of electricity use in the tourism sector; 
for PICs the percentage is lower but unknown. 
23 In a 2019 resolution, Pacific energy ministers “noted the data management challenges of the 
Pacific Islands and call on the World Bank to urgently appraise and treat the SPC data funding 
proposal as a matter of priority.” 
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take on a different meaning depending on whether the perspective is from the national 
or household level, urban or rural, higher or lower income, businesses or individuals. 
The analysis undertaken in this chapter, which aggregated the PICTs, would likely 
look somewhat different in many respects if the larger countries (PNG, Fiji) are 
excluded. Therefore, energy security for the PICTs is best assessed and reported 
on a country-by-country basis and including additional indicators to integrate new 
aspects of energy security, notably climate resilience, transport, and gender. 

Not all of these aspects can necessarily be quantified and measured easily. There 
needs to be a considered approach to balance the cost and effort against the available 
capacities and the benefit of the data collected, to optimize the type, quantity, and 
frequency of data collection against that needed for good, evidence-based decision 
making. One recommendation on data is to increase support for existing data collec-
tion efforts at both national (census, HIES, national energy databases) and regional 
(PRDR, Pacific Power Association utility benchmarking reports) rather than setting 
up new initiatives. 

To improve energy security, financing and investment is a very important element. 
Climate finance has become a key part of the investment landscape in RE for elec-
tricity in the PICTs. The 2009 commitment by developed countries25 to provide USD 
100 bn per year by 2020 to assist developing countries implement adaptation and 
mitigation actions can contribute to improving energy security development in the 
PICTs, especially if directed towards both RE and EE plus transport and gender.26 

Also important is a shift in climate finance for PICTs from mitigation to adaptation 
and development of resilient energy systems.27 However, finance must also be found 
for securing petroleum supplies while they are still needed. 

Funding of PICT energy projects has largely been from the public sector and 
overseas development aid. PICTs have indicatively mobilized over USD 2.2 billion 
in climate finance in the past 10 years across all sectors (UNDP 2021). The amount 
of climate finance being accessed by PICTs is increasing but is still well short of the 
estimated investment needs required to meet NDC targets including in the energy 
sector, estimated at over USD 3 bn over 10 years (UNDP 2021), while aid dependence 
arguably reduces energy security, as anticipated future levels and sources of aid flows 
are not guaranteed. 

It is also recognized that public finance alone, whether domestic or international, 
stands no chance of meeting climate mitigation and adaptation needs, but although

25 The commitment was made at COP 15 in Copenhagen, in decision 2/CP.15. 
26 This commitment is yet to be met with an estimated USD 78bn provided in 2018 and $80bn 
provided in 2019 according to OECD figures (OECD 2021a). The USD 100bn target is projected 
to be met in 2023 (OECD 2021b). However, Oxfam has estimated public climate financing at only 
$19 billion–$22.5 billion in 2017–2018, around one-third of the OECD’s estimate, arguing that, 
besides grants, only the benefit accrued from lending at below-market rates should be counted, not 
the full value of loans as well as other points of difference with OECD figures (Carty et al. 2020). 
27 Adaptation actions across all sectors in PICTs are increasingly important as there are strong 
indications that Paris Agreement goals (1.5–2.0 °C maximum heating) may be increasingly difficult 
to achieve. Climate change is discussed in detail in Chap. 5. 
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globally the private sector has provided the bulk of investment for the energy transi-
tion (OECD 2020), in the PICTs, private investment has been slower to mobilize. The 
continued reliance on donor finance to fund large scale renewable energy projects 
contributes to the disincentivization of the domestic private sector from investing in 
renewable energy (UNDP 2021). Strengthening the investment environment such as 
RE feed-in tariffs and EE fiscal regulatory measures examined earlier in this chapter 
and introducing measures to also promote investment into resilience and adaptation 
would support greater private sector participation. 

PICTs face difficulties meeting their infrastructure needs (construction and O&M) 
in general, not just in the energy sector. Investment requirements are high and 
expected to increase further in the years ahead. Taking Fiji as an example, its climate 
vulnerability assessment emphasized the need for future infrastructure investment 
to ensure resilience to climate change and natural hazards and indicated that almost 
FJD 9 billion will be needed to climate-proof infrastructure, including energy, trans-
port, water, and sanitation over the next ten years. Climate-ready energy infrastruc-
ture typically adds 3% to upfront costs globally but typically saves $4 overall for 
every dollar spent (Global Commission on Adaptation and World Resources Insti-
tute 2019). Therefore, to strengthen energy security cost-effectively, every energy 
infrastructure project going forward needs to find the finance to cover this upfront 
adaptation cost to lower the long-term adaptation cost to the PICTs. A regional 
approach and cooperation on best practices, standards, and other areas, could assist in 
aggregation of projects, increase effectiveness and efficiency, and incentivize private 
sector investment, particularly for energy in tourism, maritime and land transport, 
and energy efficiency. 
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Chapter 4 
State of Food and Nutrition Security 
in the Pacific 

Federico Davila, Sarah Burkhart, and Tarli O’Connell 

Pacific food systems are influenced by multiple governance and 
socio-ecological systems, and opportunities for transformations 
exist from expanding traditional understandings of food and 
nutrition security to include agency and systems thinking. 

Abstract Pacific Island Countries and Territories (PICTs) are home to tremen-
dously diverse food systems. These systems are made up of rich cultures, a growing 
young population, and diverse bio-geographic and multiple agro-ecological zones. 
This Pacific uniqueness, however, is being disrupted by historical international 
forces, food consumption behaviours, and climate change. The region’s food systems 
currently face a triple burden of malnutrition, which when combined with poverty 
and climate change impacts, creates major food and nutrition security risks. In this 
synthesis chapter, we provide summary of evidence on the state of food and nutrition 
security in the Pacific using an expanded five pillar framework of food security. We 
present a synthesis of research and development dynamics in the context of avail-
ability, accessibility, stability, utilization, and agency as the five pillars of Pacific food 
and nutrition security. Agency is emphasized as a novel addition to capture the unique 
socio-cultural systems of the region that contribute to food systems. The future of 
Pacific food systems will depend on proactive focus on the multi-dimensional nature 
of food and nutrition security, and the use of integrative frameworks and policies 
will help address this important development opportunity. 
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4.1 Introduction 

The Pacific region is a hugely heterogenous region in regard to cultures, climatic 
zones, and hydro-geological profiles. This diversity has created equally complex food 
systems in marine and agriculture areas. A food system is generally defined as the 
interaction of all food activities, ranging from production to waste management, and 
their feedbacks with multi-scalar socio-economic and global environmental change 
(Béné et al. 2019; Ingram 2011). Feedbacks throughout this system lead to the ulti-
mate system outcome: food and nutrition security (FNS), defined as “a situation that 
exists when all people at all times have access to safe and nutritious food to meet 
their dietary needs and preferences” (FAO 2020c). This complex systemic outcome 
includes issues of nutrition and health, economic and physical access, social diver-
sity and acceptability, and the agency of communities to make informed food choices 
(HLPE 2020). Substantial work has been done to document the food security situa-
tion from an economic and calorific energy intake perspective (McGregor et al. 2009) 
within the context of climate change (Barnett 2011) and within a regional vulnera-
bility context (SPC 2011). The disruption of socio-economic impacts of COVID-19 
in the Pacific has also created an imperative to articulate pathways for building 
future food systems resilience and improving FNS for Pacific countries (Davila et al. 
2021; Ferguson et al. 2022). While there continue to be multiple analyses of FNS 
in individual countries and communities in the Pacific, there is less regional focused 
literature conceptualizing FNS in the region. 

Pacific island nations have a rich history of traditional land and marine systems 
management that continues to influence how communities manage their natural 
resources (Campbell 2015; Wairiu  2017). Pre-colonial food systems were character-
ized by diverse activities surrounding food production and exchange, which included 
a mix of subsistence farming and hunter-gatherer food harvesting systems, bartering, 
and regional trade between islands. Nutrient rich diets with leafy vegetables and 
complex carbohydrates were traditionally normal, with plant foods constituting 83% 
of the diet, and poultry, fish, and pigs making up the protein requirements of many 
Pacific Island people (Connell 2015; Gnecchi-Ruscone and Paini 2017). With the 
surge of trade liberalization in the mid-1990s, the region experienced a rapid increase 
of cheap imported highly processed foods such as noodles, rice, and baked goods 
(Charlton et al. 2016; Plahe et al. 2013). These imports have slowly shifted food 
eating habits, and have been accompanied by increasingly sedentary lifestyles, both 
of which contribute to the substantial burden of non-communicable diseases (NCDs) 
in the region (Sievert et al. 2019) (also see Table 4.1). The breadth of such burdens 
experienced throughout the region spans wasting, stunting, and micronutrient defi-
ciencies, as well as obesity and diabetes. Table 4.1 compiles available data to provide 
an overview of food production (agriculture and fisheries), health context, and food 
consumption for selected PICTs. The table offers insights from selected countries 
across a spectrum of food systems, from largely import dependent (like Kiribati and 
Tuvalu), to productive agricultural countries like Fiji and Papua New Guinea (PNG). 
The table summarizes the diversity of food system contexts, with data on nutrition,
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food consumption, and agricultural activities. There is a large paucity of food, nutri-
tion, and health data throughout the region (similarly for water, see Chap. 2), which 
makes collating accurate and up to date information for decision-making a chal-
lenge. For example, food consumption and nutrition surveys are conducted through 
the Household Income and Expenditure Surveys, but the ad hoc frequency of these 
surveys and limitations in data access make it hard to use this source with any 
consistency. We note that the Sustainable Development Goals have pushed for more 
accurate data, and efforts by regional agencies like the Pacific Community (SPC) 
have made substantial efforts in organizing food systems data (see for example the 
Pacific Data Hub website).

Data from the most recent Global Burden of Disease (GBD) (IHME 2018) study 
shows that the top two risk factors causing the greatest burden of disease in the region 
are malnutrition (including nutritional deficiencies) and dietary risks (including 
diabetes, kidney disease, and cardiovascular diseases). As is the case in many areas 
around the world, such diseases coexist with nutritional insufficiency. Differences in 
the experience of various NCDs across genders is evident in the summary of various 
nutritional indicators of men, women, and children in selected PICTs presented in 
Table 4.2. Table 4.2 showcases the concerning rates of malnutrition, for example 
with Melanesia experiencing more than double the global average in stunting in chil-
dren under five. Diabetes and obesity, across all three regions, is well over the global 
average for men and women. Delivering improved nutritional outcomes from food 
systems is crucial to limiting the increasing impact on health systems and supporting 
the overall wellbeing of vulnerable Pacific communities. This is particularly impor-
tant to support the physical and cognitive development of the young people, which 
in some countries make up the majority of the population (SPC 2014).

The above human nutrition context from Table 4.2, coupled with risks from 
climate impacts in the region, make food and nutrition security core elements of the 
water-food-energy nexus. In this chapter, we present an overview of how five major 
dimensions of FNS are currently illustrated across different Pacific food systems. We 
discuss the five pillars of FNS with different examples from throughout the region, 
showcasing the complexity of regional approaches to improving FNS outcomes in 
food systems. To capture the different dimensions of food and nutrition security, we 
organize the chapter around the four pillars of food and nutrition security, and add 
an additional pillar focused on agency to capture the crucial issue of sovereignty 
and equity that have traditionally been missed from food security analyses (Chappell 
2018). We conclude with reflection on the large socio-ecological conditions that will 
influence the future of food and nutrition security changes in the Pacific region. 

4.2 Food and Nutrition Security Analytical Framework 

Measuring and understanding the FNS of a community, nation, or region is highly 
complex and can be done through multiple approaches (Burchi and De Muro 
2016). Traditional approaches to FNS analysis have focused on food availability
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Table 4.2 Summary of malnutrition and obesity in the Pacific Islands countries, based on data 
from the Global Nutrition Report (2020) 

Melanesia 
(Fiji, Papua New 
Guinea, Solomon 
Islands, Vanuatu) 
(%) 

Polynesia 
(Samoa, Tonga, 
Tuvalu) (%) 

Micronesia 
(Kiribati, Marshal 
Islands, Federal 
States of 
Micronesia, 
Nauru, Palau) (%) 

Global average 
(%) 

Women of 
reproductive age 
with anemia 

35.9 27.9 25.1 32.8 

Stunting, children 
under 5-years 

49.5 4.9 Data not available 21.9 

Wasting, children 
under 5-years 

13.3 3.9 Data not available 7.3 

Overweight in 
children under 
5-years 

13.7 5.3 Data not available 5.9 

Men with 
diabetes 

15.3 22.4 21.7 9 

Women with 
diabetes 

14.8 26.4 22.8 7.9 

Men with obesity 17.5 54.9 43.6 10.5 

Women with 
obesity 

26.8 40.7 53.1 14.7

approaches, which looked at the balance between population and food, or on 
income-based approaches, which focused on incomes and purchasing power. While 
valid metrics, these approaches fail to capture the underlying determinants that lead 
to pervasive food insecurities, notably the socio-cultural and underlying societal 
norms. The seminal approaches, focused on entitlements (Sen 1982) and livelihoods 
(Scoones 2009), have become common lines of enquiry to understand the structural 
conditions that can enable FNS. The combination of these different approaches 
is now used by policy agencies across scales to understand the ultimate impacts 
on the major categories of FNS: availability, accessibility, adequacy, acceptability. 
These four major pillars are well recognized; however, they lean towards focusing 
on quantifiable metrics of FNS and miss influential social dimensions (HLPE 
2020). To overcome these limitations, much of critical food scholarship from food 
sovereignty has focused on how cultural diversity and power relations influence FNS 
in different contexts. Rather than perpetuating the tradition to contrast agency-based 
approaches with metric-based approaches, some authors have proposed that the 
inclusion of sovereignty and agency is now a well-recognized principle for genuine 
FNS (Chappell 2018; Davila 2020; HLPE  2020). Furthermore, agency is a core 
determinant of long-term resilience across scales, as it allows the diversity of 
actors, including marginalized ones, to have a greater voice in decisions being
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made. Creating equitable Pacific food systems requires embedding agency into 
decision-making in formal food security interventions, to work with the traditional 
and reciprocal approaches of engaging with food in PICTs. 

The framework used in this chapter builds from the common pillars in food secu-
rity, but adds the socio-political lens grounded in food sovereignty. The 5 Pillars 
Framework is proposed as a way of focusing on the economic and health dimen-
sions of traditional definitions of food security and includes additional principles of 
agency and decision-making to address underlying issues of justice and equity that 
are often missed in food security debates. Chappell (2018) argues that agency is an 
essential ingredient in bridging food sovereignty as a process that can contribute to 
more equitable food security outcomes in specific cases. Agency emerges from much 
longer traditions that critique common framings of food security, which tend to lean 
towards markets, and build from elements of food sovereignty definitions, which 
focus on processes, power relations, and the ability of communities and nations to 
define their food systems (Davila 2020). 

Since the 1980s, Pacific food systems have globalized, with increased food imports 
throughout the region. Diverse diets and food staples have been replaced by more 
affordable or attractive high-calorie foods, contributing to the increase in NCDs. 
Analysis of historical trade data shows that the Pacific region has become a net 
importer of food, with Melanesian leading the region with growing from approxi-
mately 200 tonnes in 1997 to 800 tonnes in 2017 (Andrew et al. 2022). The degree 
of reliance on imports as a percentage of food expenditure is different throughout 
the region, with most nations having negative food balances (McGregor et al. 2009; 
SPC 2011). The reliance on international food exposes PICTs to fluctuations in 
food prices, which can have serious implications for food security for the poor and 
vulnerable. In the previous global food crisis in 2008, an analysis by the United 
Nations Development Programme (UNDP) showed that 50% of Pacific people, even 
in rural areas, buy their food (rather than grow it) to meet their food security needs 
(Parks and Abbott 2009). Despite the general increase in imports, agricultural produc-
tivity and exports have been relatively stagnant in the region, notably in Polynesia 
and Micronesia (Farrell et al. 2020). This makes Pacific communities dependant on 
international food production systems, making them vulnerable to changes in these 
distant agricultural landscapes, and impacting the incomes of communities through 
the requirement to purchase foods. 

4.2.1 Availability 

Availability of food relates to having a quantity and quality of food sufficient to satisfy 
the dietary needs of individuals, free from adverse substances and acceptable within 
a given culture, supplied through domestic production or imports (HLPE 2020). Food 
availability depends on the extent in which rural communities depend on subsistence 
or purchased foods and varies widely depending on household incomes. Subsistence 
production is widespread in the region, particularly within rural areas, but can be
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constrained by soil quality, climatic conditions, and limited area for food production 
(Taylor et al. 2016). While there may be availability of foods, including staple root 
crops, diversity within food groups can be limited (Bottcher et al. 2020; Hidalgo et al. 
2020; Savage et al. 2020). Production diversity is very limited in atolls like Kiribati or 
Tuvalu, which are less than 5 km wide and very flat, with poor coral-based soils and 
limited freshwater (Chap. 2). These biophysical conditions limit the type of food that 
can be grown, and with growing and increasingly urbanized populations (Trundle 
et al. 2019), food has to be imported. For example, up to 72% of diets in Kiribati 
are made up of imported foods (Estimé et al. 2014). Imported foods can provide 
stability in food availability, but can increase a country’s vulnerability to changes in 
global food supply chains and pricing (Savage et al. 2020). As capacity to import 
food has increased, so has the availability of processed foods, with long-shelf lives 
highly suited to long sea voyages, within the region (Snowdon et al. 2013). Given the 
evidenced link between ultra-processed foods and poor health outcomes (Monteiro 
et al. 2019), this is of current and great concern in the Pacific (Table 4.2). 

Food production in the region has been impacted by urbanization and trade with 
impacts seen in rural and urban settings. In rural settings, a move towards a formal 
(or monetary based) economy has impacted food availability. As rural populations 
move towards engaging with roles that provide an income, there is less time for 
food production activities (Savage et al. 2020) and at times, an increased reliance 
on more convenient, imported processed foods (Hidalgo et al. 2020). Commodity 
crops (e.g., Kava in Fiji), sometimes replace or displace traditional root crops or 
vegetables (Campbell 2015), reducing the availability of traditional staple foods for 
local communities. As communities and villages increase in population size, less land 
may be available for gardening. This has led to increased urbanization in the region, 
with the perverse outcome of informal settlements emerging in larger cities like 
Suva, Port Moresby, and Honiara. These informal urban and peri-urban settlements, 
which often have people living below the poverty line, have limited land available 
for growing food in home gardens and their food security is largely dependent on 
what they are able to buy. People in these settlements also have limited access to 
clean water (Chap. 2) and affordable, reliable, and clean energy (Chap. 3). 

Climate hazards (Chaps. 5 and 10) and environmental concerns also place pressure 
on local food production, ultimately impacting the diversity of, and overall food 
availability. In the PICTs particularly, major climate events such as tropical cyclones, 
can result in long-lasting damage to land. For example, in a remote island of Ono 
in the Kadavu province of Fiji, communities report climate change as an ongoing 
challenge to food security (Hidalgo et al. 2020). Villagers are deterred from planting 
fruits and vegetables due to variable water availability and rising temperatures and 
describe how land damage from a tropical cyclone in 1979 has only recently seen to 
be improving. At the same time, fishermen report that once plentiful supplies of fresh 
fish and shellfish close to shore are now accessed by fisherman who are required to 
travel further from shore, for longer periods of time, and sometimes at night. These 
climate events restrict market access for producers and consumers (Campbell 2015). 
Different food crops are more or less susceptible to different climate hazards. Banana
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plantations are highly susceptible to storm damage, for example the crop decimation 
in Samoa by Cyclone Gita in 2018. Taro plantations in coastal alluvial plains are 
most at risk from soil and groundwater salinization. Uncertainty and severity of 
future climate hazards will continue to impact food availability in the region. 

4.2.2 Accessibility 

Access to food relates to the ability of people to obtain safe and nutritious food to 
meet their dietary needs. While availability relates to the physical presence of food, 
accessibility includes aspects of geographical and economic access to food. For 
example, Bogard et al. (2021) explain that different types of food environments exist 
within the Solomon Islands, and the type of food environment determining the access 
to types of healthy foods. They found that participants in rural areas are more likely 
to access the WHO recommended daily >400 g of non-starchy fruit and vegetables, 
partially due to the immediate physical access to this food. Access is also determined 
by the underlying structural issues of class, access to land, and gender relations (FAO 
2019a, b, 2020a). As noted above, different types of food availability exist throughout 
the region depending on the type of food harvested or fished. Accessing this food 
thus depends on the economic and physical conditions of people. For example, while 
PNG has a productive agricultural sector, high poverty rates and limited access to 
physical markets means carbohydrates are the main source of food; protein, fats, and 
oils more often being inaccessible or expensive (Bourke and Harwood 2009; Iese  
et al. 2018). These different economic and physical dimensions of food access thus 
limit the ability of individuals to achieve FNS, regardless of its availability. 

There are two major factors limiting access to nutritious food. The first is the cost 
of healthy food. As per the availability section—imported foods are now common 
to Pacific diets. However, a different dimension of this import reliance is the costs of 
it, and the impact it has on the ability to access. Imported food can be cheaper than 
local products, which in a region with increasing poverty, means that imported foods 
might be more accessible. Furthermore, the conveniences of using imported food 
such as rice and noodles can save substantial time for households, making fresh food 
preparation less appealing. The combination of this convenience and cost factors 
creates barriers for healthy food preparation and consumption. A second limiting 
factor is the ongoing and projected threats of climate change in the region and the 
impacts it will have on either producing subsistence food or producing cash crops for 
incomes to access food. For example, the 2019 Tropical Cyclone Harold in Vanuatu 
destroyed 95% of homes in Pentecost; with cash-crop damages ranging from 50– 
100%. The globalization of food meant that some of the affected communities had 
been intensively planting kava for international consumers in Australia and the United 
States, and had limited to no subsistence food crops planted when the cyclone hit. 
With kava crops destroyed, these communities were left without incomes overnight, 
and thus without the ability to access food either through subsistence or through 
purchasing. The proximity of individuals and communities to coastal areas also poses
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major risks, as projected sea level rise will likely impact households and distribution 
networks, limiting access to food in the future. 

Access to different types of foods has changed in the region. Andrew et al. (2022) 
showed that since 1995, import tonnage of food and beverages for the region have 
been dominated by cereals other than rice (14%), rice (12%), sugar and sugar confec-
tionary (7%), wheat and meslin flour (5%) and poultry meat and offal (5%). Data 
on food imports between 2001 and 2009 in the region shows that in Melanesia, 
approximately 17–20% of energy is obtained from imported food (an outlier is Fiji, 
with 58%). Contrastingly, in the more productive fertile countries like Tonga and 
Vanuatu, island cabbage, sweet-potato, cassava, yams, and taro make up the main 
foods consumed by poorer households who grow these in their home gardens. In 
urban areas in Tonga, there is high accessibility to mutton flaps and imported chicken, 
accounting for more than a quarter of the daily energy needs and about a fifth of the 
total household expenditure on food (SPC 2011). Meat consumption has increased 
in the region from 34 kg per person to 52 kg between 1973 and 2003 (SPC 2011), 
with Tongans consuming approximately 107 g of chicken per person per day in 2020 
(FAO 2020d). Changes in food accessibility have led to an overall dietary transition 
in the region, which when coupled with increased sedentary lifestyles, has resulted 
in a surge in NCDs (Table 4.2) which present a long-term burden and risk to health 
systems in the region (Charlton et al. 2016; Thaman 1988). 

Access to food is also conditional on the proximity to coastal areas, given a 
generally high reliance on fish for animal based protein and as a source of livelihood 
for communities in the region (Charlton et al. 2016). Proximity to coastal areas 
is extremely high in the Pacific with 97% of the population living less than 1 km 
from the coast when PNG is excluded, or 50% when PNG is included (Andrew 
et al. 2019). This proximity to coastal areas, and the location of major capitals with 
food markets near coastal areas as well, means physical access to food is relatively 
adequate in the region. The coastal proximity of most of the population means that 
access to fish is high and provides a 50–90% of required animal-protein for 50% 
of the Pacific population (SPC 2015). A review of fish consumption in the Pacific 
found that per capita annual fish consumption ranges from 18 to 64 kg; however, with 
projected population growth it is expected that coastal ecosystems will be unable to 
yield sufficient fish to maintain required protein needs (Charlton et al. 2016). This 
decline in fish species, which will be accelerated by loss of coral reef habitats due 
to ocean acidification (Johnson et al. 2015), can pose long-term food security risks 
to Pacific communities. Offshore, the tuna industry provides a major contribution 
to both domestic and export markets and is targeted by both PICT and international 
fishing fleets with the four main target species of yellowfin, skipjack, albacore, and 
bigeye not currently considered to be overfished (Hare et al. 2020). Given the highly 
nutritious value of fish, determining how protein will be sourced and how marine 
environments can be sustained to meet the requirements of the population in the 
future is an important area of continued research and policy for food and nutrition 
security (Bell et al. 2009).
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4.2.3 Adequacy 

Food adequacy has two components and has received increasing attention in food 
and nutrition security policy discourses which previously focused on physical and 
market access and stability. The first component relates to the extent to which the food 
consumed is able to meet the dietary needs of the population. There is widely accepted 
nutritional research that shows Pacific communities are consuming inadequate food 
(Farmery et al. 2020; Lyons et al. 2020; Vogliano et al. 2021). Over-nutrition is persis-
tent and has contributed to obesity and high prevalence of NCDs in the region. NCDs 
cause 60–80% of deaths in the Pacific, influencing life expectancy which averages 
from mid- to low-60 years. Contrastingly, stunting and wasting are chronic in some 
rural areas in the larger Melanesian countries. For example, in PNG the prevalence of 
stunting in children under five years of is 49.5%, significantly higher than the low- and 
middle-income country average of 25% or the global average of 21.9% (Table 4.2). 
There has been an increase in poverty in the region since the 1990s (Chap. 14), and 
with limited safety nets and public support systems, household income is limited for 
making adequate food choices (Edwards 2020; SPC 2011). Analysis of trade agree-
ments and sales of processed foods between 2004 and 2018 across various Pacific 
islands has shown there has been an increase in sales of imported items, such as 
vegetable oils and meat (Plahe et al. 2013). They note that the urbanization trends in 
the region lead to people having decreased available time and limited physical space, 
making cooking with oils over traditional cooking methods more convenient (Sievert 
et al. 2019). Historical analysis points towards the fundamental shifts colonialism 
played in transforming diets and farming systems, establishing new trade systems, 
intensifying commodity production, and transitioning the region from subsistence 
towards a system where cash was required to access food (Connell 2015; Plahe et al. 
2013). The conflation of colonial legacies (Chap. 11), urbanization and poverty, and 
changing food import and export patterns have all impacted the current adequacy of 
nutritious food in the region. 

The second component of adequacy relates to the sustainability of farming and 
fishing, and the extent to which it is adequate to support ecological and climate 
resilience. As discussed in more detail in Chap. 6, Pacific Islands have hugely diverse 
natural resources and ecosystems that are the basis of these industries. Countries 
like PNG, Fiji, and Solomon Islands benefit from highly fertile soils and in some 
instances abundant water resources (Chap. 2), while the drier islands of Tonga and 
Samoa, or coral based Tuvalu and Palau make farming much more difficult. Oceanic 
fish resources are governed by the Pacific Islands Forum Fisheries Agency (FFA), 
with standards and regulation for deep ocean species (such as tuna) maintained 
along with oversight for monitoring and sustainable catch standards (Barclay and 
Cartwright 2007). Coordinated management is more limited in coastal fisheries, 
which are moving towards community based management systems to support more 
sustainable use of resources through inclusion of diverse knowledges (SPC 2015). In 
agricultural systems, there is ongoing tension between subsistence agriculture and
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more ‘modern’ and industrial oriented agricultural practices. The focus on interna-
tional exports of cash commodities like taro, sugar, and cocoa lead towards tendencies 
to intensify production at the cost of marginal land. The region is dominated by small 
farms of under 10 hectares, and farmers tend to grow a mix of cash commodities 
for local markets and subsistence produce. Use of chemicals (fertilizer for enhanced 
growth and insecticide/fungicide for pest and disease control) has increased and has 
seen national policy prioritizing use in particular industries (for example sugar in 
Fiji); however, the high cost of these means most farmers continue to farm using 
more traditional low-input methods. Theoretically communities in the atolls have 
an opportunity to develop innovative low-cost composting and circular economy 
systems that help capture nutrients for the low-quality soils. Types of interventions 
like this already exist to support adequate sustainable farming, but up-scaling and 
adoption of the technologies remains a barrier. 

4.2.4 Acceptability 

Cultural diversity in the Pacific region fosters different perceptions of what acceptable 
food consumption is. Acceptability of food is heavily influenced by a combination 
of class and status, social practices, religion and belief systems, and specific tradi-
tions (Briones Alonso et al. 2018). For example, pigs in PNG are the most valuable 
livestock commodity and play an important cultural and ceremonial role. They are 
used to celebrate weddings, Christmas, graduations, as well as for dispute settle-
ments and other bartering processes (Ayalew et al. 2011). This makes this source of 
protein acceptably consumed only in special occasions. But what is ‘acceptable’ to 
eat, and the way people eat has changed through time in the region. Before colo-
nialization there was highly acceptable trading and bartering within and between 
countries, and food was eaten communally across households (Campbell 2015). 
These cultures of sharing are still very prevalent in the region, but the type of food 
that is consumed has shifted. There are now efforts to develop culturally appropriate 
and healthy diets based on local produce. For example, the Pacific Guidelines for 
Healthy Living provide an accessible guide to normalizing the consumption of diets 
that meet global health guidelines, as well as encouraging consumption of vegetables 
from home gardens commonly present in the region (SPC 2018). The COVID-19 
pandemic has led to a resurgence in home gardening and domestic food production, 
and has created an opportunity to reframe the acceptability of eating local fresh food 
over more convenient imported foods (Davila et al. 2021). 

An important factor that influences food security is the acceptability of gender 
roles and norms in food systems in PICTs. Gender relates to the socially constructed 
attribution of roles and norms to specific members of society, and is normally linked 
to the binary distinction between male and female roles (Barclay et al. 2018). In 
Pacific islands, there continues to be a strong acceptability on distinct roles of men 
and women in particular parts of the value chain. For example, in coastal fisheries, 
it is more acceptable for men to go out on boats and do the days fishing, while the 
women are responsible for processing and selling the caught fish and preparing any
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household meals from the men’s labour. Contrastingly, women play an important role 
in shallow water fishing and catching bivalves, crustaceans, and small pelagics, and 
then selling them (Barclay et al. 2018; Kronen and Vunisea 2009). These gender roles 
and norms throughout the region intersect with how food is prepared and accessed by 
families. The increase in women’s contribution, to more than just food production, 
can help shift the accepted framings towards ones where women are agents of change 
in household food security. 

4.2.5 Agency 

The first four pillars of food security examined in this chapter cannot be achieved 
without agency (Chappell 2018;HLPE  2020). Agency is the capacity of communities 
to shape their food systems, to make empowered decisions about what they eat and, 
in doing so, to realize their own food and nutrition security (Chappell 2018). 

In the PICTS, agency over food choices has become disproportionately influenced 
by large corporations and other global actors with interests in advancing the global-
ization of food supply (Plahe et al. 2013; Thow et al.  2011). Trade agreements and 
investments have enabled these actors to affect what food consumers have access to 
(Campbell 2020; Sievert et al. 2019). This has eroded the sovereignty governments 
in PICTs have over their food systems and, as their food supply has become satu-
rated with imported foods, the agency that individuals have to make healthy food 
choices (Campbell 2020; Plahe et al. 2013). In response, several Pacific govern-
ments have adopted policy measures to enable and empower their communities to 
choose healthy foods, such as tax exemptions on fruit and vegetable imports and 
endorsing national dietary guidelines (Tin et al. 2020). Policy gaps remain however, 
and progress is impeded by corporate pressure and weak governance. Inequities in 
food and nutrition security persist as certain community groups have less agency 
over the food system and decision-making than others (HLPE 2020). In PICTs, this 
includes women whose decisions around food production, marginalized urban poor 
citizens, and rural communities who lack access to accurate information needed 
to make informed choices (FAO 2019b). This results in poorer food security and 
nutrition outcomes for these groups and, ominously, for their children. 

Despite these challenging agency conditions, there are also strong narratives of 
localized community agency that enable food and nutrition security. The region 
continues to have strong cultures of food sharing and distribution, and with the 
reduced market opportunities due to COVID-19 there has been a re-surgency of 
bartering and informal trading networks. One domain where long-term national 
outcomes can be attained is the area of child nutrition, which is critical for the human 
potential of the region. Stunting is of high concern in Melanesian countries, and the 
adequate feeding of infants is determined by a mix of economic, cultural, and gender 
factors. For example, in Vanuatu, one-in-three children under five years living in rural 
areas are stunted, compared with one-in-five children under five years living in urban 
areas (SPC 2013). Twenty-one percent of women of reproductive age have anaemia
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and only 29% of children in Vanuatu aged 6–23 months are fed according to recom-
mended infant and young child feeding practices (SPC 2013). In rural areas, commu-
nities have limited access to services such as health care and education, and men tend 
to control decision-making at both the household and community level (FAO 2020a). 
Recommended policy measures to regulate corporate influence over infant and young 
child feeding practices have not been adopted by government (WHO 2020). However, 
some interventions to boost individuals’ agency over nutrition outcomes do exist (see 
Box 4.1). 

Box 4.1 Enhancing agency for nutrition in Vanuatu 
To address poor nutrition and health among children living in rural areas of Vanuatu, 
World Vision undertook a three-year project with 79 villages in remote South West 
Tanna Island (World Vision Australia 2015). At baseline, 47% of children were stunted, 
only 52% of infants under six months were exclusively breastfed, and only 28% of 
mothers reported increased food intake while pregnant. Participants had limited access 
to health services and limited or no understanding of dietary guidelines and the benefits 
of a healthy diet. 

A way of boosting agency in this program was engagement of the different commu-
nity members in building an understanding of child nutrition. Given known gender and 
power inequities, the project involved the engagement of community leaders including 
chiefs and pastors, and their appointment of a male and female volunteer to each partici-
pating village. Volunteers were trained in nutrition and, with the support of community 
leaders, undertook activities to enable men and women to better understand nutri-
tion and health. This included providing antenatal and nutrition education to men and 
women in separate and combined forums, developing a cookbook of healthy local 
recipes, and advocating to government for improved health service access. Within 
its short lifespan the project achieved many significant improvements in nutrition, 
including increasing the rate of exclusive breastfeeding to an impressive 90%, and 
reducing the prevalence of stunting to 37%. Having access to accurate information and 
practical resources like a cookbook increased the agency project participants had to 
make informed decisions about what they and their children eat. By including men and 
community leaders in the project, women were empowered and supported to apply the 
knowledge they acquired at household and community level.
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The case above illustrates the transformative potential of interventions that enable 
agency and local acceptance of different ways of meeting the nutritional needs of 
children. Farmer organizations are spread throughout the region and provide oppor-
tunities for landholders to have greater say in their farming decisions. The COVID-
19 impacts, largely health related and economic in the Pacific due to losses from 
tourism, have interestingly led to a growth in country level focus on agricultural 
production, and government incentives have been established to enable farmers to 
establish more crops and home gardens as a way of improving the immediate food 
security of the country. Yet, while these examples of agency are good in local scale, 
wider structural challenges remain for genuine sovereignty in the Pacific region. 
A major determinant are land rights, which vary widely throughout the region and 
continue to be contested in some areas. A further determinant is the increased focus 
on export of cash commodities (sugar, cacao, etc.), which can create perverse incen-
tives and move communities away from growing food towards growing high value 
commodities which are more vulnerable to changes in global markets. 

4.3 Conclusion: Looking to the Future of Systems-Based 
Food and Nutrition Security 

This chapter has outlined some of the general trends in the state of food and nutrition 
security of the Pacific region. The huge diversity of the PICTs makes distilling any 
recommendations complex, as the socio-ecological conditions of each state impact 
the five pillars of food security. Despite this, some major drivers of change are clear 
across the region and will influence food interventions into the future. The first 
is climate change—it undeniably creates major disruptions across food production 
systems, value chains, and natural resources. While the impacts will be differentiated 
throughout the region, they will be felt by all. This indicates urgency in adaptation 
strategies that are cognizant of the implications of climate change in future food secu-
rity. The second is increasing levels of poverty and the triple burden of malnutrition in 
the region. As incomes fluctuate and imported unhealthy and convenient food remains 
widely available and accessible, the health crisis is unlikely to go away. Furthermore, 
healthy food might still be unavailable from traditional systems, for example in coral 
atolls which have challenging agricultural conditions for vegetable production. Much 
of the Pacific food system remains at the mercy of international trade agreements— 
ones that enable the flow of cheap and unhealthy food that other (richer) countries do 
not want in their domestic markets. Increasing equitable trade systems and matching 
poverty reduction with healthy eating strategies can help reduce health risks into 
the future. Third is the deeply embedded traditions and cultures that enable different 
types of agency throughout Pacific cultures. Language, history, song, and dance have 
allowed Pacific communities to retain their uniqueness, while also creating a shared 
identity as a region connected by ocean resources. As the international food systems 
community re-orients itself towards more place and locally based food systems, the 
Pacific is in a position to amplify traditional farming systems, water and resource
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management practices, and food sharing networks to increase the agency of commu-
nities in their localized food systems. Finally, the inseparable connection between 
land, sea, and people remains crucial to future Pacific food and nutrition security. 
Land is a mixed resource in the Pacific—in some places it is abundant, like in PNG, 
in others it is scare and disappearing, like in atoll nations. The biophysical contexts of 
landscapes, and the associated tenure systems, will need to be considered if healthy 
food is to be enabled throughout the region’s diverse geography. Similarly, the diver-
sity of fish available will require ongoing sustainable management in light of the 
projected population growth and pressures on the resource. International interest 
and commitment to systemic approaches, such as the water, energy, and food nexus 
approach, that link landscapes, people, and health outcomes in a changing geopo-
litical and environmental context can provide important leverage for changing the 
status of Pacific food and nutrition security into the future. 
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Chapter 5 
Regional Climate Drivers, Trends 
and Forecast Change 

Clare Stephens and Arona Ngari 

Future projections of climate change across the Pacific are 
uncertain, but severe impacts are likely unless global emissions 
are urgently reduced and local communities are placed at the 
centre of adaptation efforts. 

Abstract Hydroclimatology across the Pacific depends on the rain-generating South 
Pacific Convergence Zone and Intertropical Convergence Zone. These convergence 
zones move northward and southward over time (described by the El Niño Southern 
Oscillation index), which results in naturally high variability in rainfall, wind, tropical 
cyclone risk, and sea level. Future changes in convergence zone dynamics will be 
important for Pacific Island populations but known climate model deficiencies make 
projections uncertain. Extreme rainfall will probably increase, potentially enhancing 
flood risk, but drought risk is likely to decline in most countries. Average temperatures 
will be warmer in the future and marine heatwaves, together with ocean acidification, 
could threaten important coral reefs and fisheries. Sea level rise presents a key threat 
to small island nations due to saline intrusion and flooding. Global greenhouse gas 
emissions must be urgently reduced to avoid the worst impacts on Pacific Island 
nations. Local communities often have a deep understanding of their surroundings 
built over many generations and they are highly resilient to variable conditions. 
Therefore, adaptation strategies should respect and leverage traditional knowledge 
to maximise their effectiveness.
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5.1 Introduction 

Climate across the Pacific varies substantially in space and time. This is largely due to 
two atmospheric bands of high rainfall (convergence zones) that naturally shift over 
timescales of several years. The convergence zones and their changing positions are 
associated with droughts, floods, cyclones, and sea level variation in different parts 
of the Pacific. Pacific Island communities have adapted to fluctuating conditions over 
many generations and are often highly resilient despite limited financial resources. 

Increased greenhouse gas emissions caused by anthropogenic activities are 
causing global climate change with worrying consequences for PICTs. Tempera-
tures will be warmer in the future, and heatwaves are expected to cause substantial 
human and environmental impacts for PICTs (IPCC 2021). In particular, marine 
heatwaves could threaten coral reefs and fisheries. At the same time, oceans are 
absorbing excess carbon dioxide from the atmosphere, resulting in ocean acidifica-
tion that could further exacerbate the risk to marine life. Sea level rise beyond the 
range of natural variability is perhaps the most well-known potential consequence of 
climate change for PICTs and a failure to cut global emissions could see low-lying 
islands inundated (IPCC 2021). However, the dynamics of erosion and sediment 
deposition are complex and certain island geologies may prove surprisingly robust 
under modest sea level rise (Kench et al. 2018; Nurse et al. 2014). 

The atmospheric drivers of climate in the Pacific are notoriously difficult to simu-
late or predict. Together with high baseline variability, this makes climate change 
impacts on rainfall difficult to foresee. Some research suggests that the behaviour 
of the convergence zones is becoming more extreme (Power et al. 2017; Lee and 
McPhaden 2010). Heavy rainfall events are likely to become more frequent and 
some areas may see more intense (but less frequent) cyclones (IPCC 2021). Drought 
risk is likely to increase for some PICTs but decrease for others (Australian Bureau 
of Meteorology and CSIRO 2014). 

Altered weather patterns, warmer temperatures, rising sea levels, and more acidic 
oceans are fast becoming the ‘new normal’ in a world where atmospheric carbon 
dioxide levels exceed 400 ppm. The situation for PICTs, particularly small island 
nations with limited resources, is becoming more precarious by the decade. However, 
there are examples of island communities and environments showing remarkable 
resilience in the face of climate variability and change. There is still time to avoid 
the worst impacts through drastic emissions reduction on a global scale, while also 
using community-centred approaches informed by traditional knowledge to adapt to 
changes already underway. Countries with substantial resources and high carbon 
footprints have a responsibility to the communities on the frontlines of climate
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change and should commit to rapid emissions reduction along with fair distribution 
of adaptation funding. 

5.2 Baseline Climate in the Pacific 

5.2.1 Weather and Seasonality 

Climatic conditions across different Pacific Island Countries and Territories (PICTs) 
are diverse, but temperatures are generally warm and annual rainfall high. Most 
of the countries are positioned close to the equator and experience fairly consis-
tent incoming solar radiation (and relatedly temperatures) throughout the year. 
Ocean circulation patterns play an important role in regional temperature variation. 
Warm water is pushed from east to west by the trade winds, resulting in the West 
Pacific Warm Pool (Australian Bureau of Meteorology and CSIRO 2011) that further 
increases and stabilizes surrounding temperatures. 

At large scales, rainfall across the Pacific is heavily influenced by convergence of 
the trade winds to create zones of high rainfall (Keener et al. 2013). The Intertropical 
Convergence Zone (ITCZ) lies north of the equator and drives rainfall in the Federated 
States of Micronesia, Kiribati, the Marshall Islands, Nauru, Palau, and Papua New 
Guinea (Australian Bureau of Meteorology and CSIRO 2011). The South Pacific 
Convergence Zone (SPCZ) approaches the equator diagonally from the southeast and 
affects rainfall patterns in the Cook Islands, Fiji, Nauru, Niue, Samoa, the Solomon 
Islands, Tonga, Tuvalu, and Vanuatu (Australian Bureau of Meteorology and CSIRO 
2011). The ITCZ and SPCZ converge over the West Pacific Warm Pool. Countries 
in the western Pacific also receive rainfall associated with the West Pacific Monsoon 
(WPM), which is highly seasonal and most active over the southern hemisphere 
summer (Australian Bureau of Meteorology and CSIRO 2011). Changes in strength 
and position of the ITCZ and SPCZ cause distinct wet and dry seasons throughout the 
Pacific (Keener et al. 2013). Broadly, the wet season is May to October for northern 
hemisphere islands and November to April for southern hemisphere islands (CSIRO 
et al. 2015). 

Locally, climate may be impacted by the terrain. High, mountainous islands can 
experience significant rainfall and temperature gradients. For example, Suva lies on 
the windward side of Fiji’s largest island and receives substantially more rainfall 
than Nadi on the leeward side (Australian Bureau of Meteorology and CSIRO 2011). 
Topography is an important driver of climate in the Cook Islands, Fiji, Papua New 
Guinea (PNG), Samoa, Tonga, and Vanuatu (Australian Bureau of Meteorology and 
CSIRO 2011), as well as in Australia and New Zealand (Wratt et al. 1996; Cai et al. 
2011). Terry and Wotling (2011) showed that the rain-shadow effect was amplified in 
streamflow, with runoff ratios 40% higher on average for windward catchments across 
the La Grande Terre in New Caledonia. The result is significant spatial variability 
in water resources across some islands. There can also be climatic variation across
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countries that are spread over a large area (Australian Bureau of Meteorology and 
CSIRO 2011). For example, the SPCZ sometimes lies between the Northern and 
Southern Cook Islands, and its position can drive high and low rainfall anomalies in 
different parts of the country simultaneously (Rongo and Dyer 2014). 

5.2.2 Interannual and Decadal Climate Variability 

As discussed in Sect. 5.2.1, conditions across the PICTs are influenced by the posi-
tions of the ITCZ and SPCZ (Ludert et al. 2018), which are bands of cloudiness 
associated with the trade winds. The relative positions of these convergence zones 
vary at the interannual timescale, and this movement is described by the El Niño 
Southern Oscillation (ENSO). La Niña events are associated with drier conditions 
around the equator as the rain-generating ITCZ and SPCZ shift northward and south-
ward respectively, while El Niño events produce drier conditions in the north-west and 
south-west Pacific as both convergence zones move towards the equator (Fig. 5.1). 
Extreme El Niño phases are associated with ‘zonal’ SPCZ events, where the conver-
gence zone swings up to 10  ̊ north of its average position and becomes less diagonally 
orientated (Cai et al. 2012). 

The phases of ENSO are linked to natural disasters (Power et al. 2017) and there 
has been a strong research focus on better understanding the associated dynamics 
(Matthews 2012; Rojo Hernández et al. 2020; Wang et al. 2019; Wodzicki and Rapp 
2016). However, ENSO is notoriously difficult to predict or even simulate accurately

Fig. 5.1 Conceptual map of the ITCZ, SPCZ and Pacific Warm Pool, which determine climate 
conditions across the Pacific. Shifts of the ITCZ and SPCZ towards the equator are associated with 
the El Niño phase of ENSO, while poleward shifts are associated with the La Niña phase (Figure 
reproduced with permission from Australian Bureau of Meteorology and CSIRO 2011) 
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due to known climate model biases in the region (Grose et al. 2014; Samanta et al. 
2019). While this creates a challenge for forecasting and preparing for ENSO shifts 
on the ground, many PICT communities have adapted to high interannual climate 
variability over generations and have developed remarkable resilience. Knowledge 
gaps left by uncertain weather and climate models are filled by local understanding 
derived directly from lived experience (Rongo and Dyer 2014). For example, some 
residents of the Cook Islands associate high yields of certain crops over summer 
with subsequent transition to El Niño, and hence heightened cyclone risk. Tradi-
tional farming techniques that are particularly robust to climatic variation have been 
developed in Vanuatu (Mael 2013). 

Secondary drivers are thought to influence the climate across the Pacific at longer 
timescales. The Interdecadal Pacific Oscillation (IPO) and Pacific Decadal Oscilla-
tion (PDO) are connected to fluctuations in wind, heat flux, and ocean ‘memory’ 
over time periods of 15–30 years (Newman et al. 2016). The two phenomena are 
related, but the IPO encompasses a broader area than the PDO (Folland et al. 2002). 
These fluctuations influence the strength of ENSO events and the background rain-
fall across the Pacific (Ludert et al. 2018; Salinger et al. 2001). In fact, Folland et al. 
(2002) showed that IPO-driven decadal shifts in SPCZ position were comparable in 
magnitude to interannual shifts induced by ENSO. These longer-scale oscillations 
are not well understood, and recent research has suggested that they may be the result 
of external forcing rather than intrinsic low-frequency cycles (Mann et al. 2020). 

5.2.3 Climate Extremes 

Climate extremes including drought, extreme rainfall, tropical cyclones, and storm 
surge events can have devastating impacts on PICTs. Some countries, including PNG 
and Australia, are also highly vulnerable to wildfires. The risk of natural disasters 
across the Pacific is strongly linked to the phases of ENSO. 

Drought in the Pacific can have damaging consequences as surface water stores are 
depleted and groundwater resources become strained, impacting water and food secu-
rity. These challenges are especially acute for small atoll islands where the freshwater 
lens (the layer of groundwater that is not salty and hence usable by communities) 
is typically thin, but lost agricultural productivity, decreased electricity production, 
and other serious impacts have also been highlighted for high islands (McGree et al. 
2016). Barkey and Bailey (2017) cite island size, soil permeability and local rain-
fall patterns as key factors influencing freshwater lens thickness and hence drought 
vulnerability. As noted in Sect. 5.2.2, La Niña and El Niño events can cause drought 
in different regions of the Pacific. In some cases, the strength of an ENSO event can 
impact the sign of the rainfall change; for example, rainfall over Nauru normally 
increases during the El Niño phase, but extreme El Niño events have caused severe 
drought (Brown et al. 2013a). 

In alternate ENSO phases, PICTs are more likely to experience flooding rains, 
tropical cyclones, and storm surge. Heavy rainfall and wet antecedent conditions
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caused severe flooding in Vanua Levu (Fiji) in 2012, first in January and then again 
in March. Eight people died and thousands were displaced, with damages to crops 
and infrastructure estimated at USD 50 million (Kuleshov et al. 2014). The same 
island was hit by Tropical Cyclone Ami in 2003, resulting in both fluvial and storm 
surge flooding. The storm killed 17 people and left 30,000 without a safe water 
supply, causing damages totalling USD 30 million (Terry et al. 2004; OCHA  2003). 
Tropical cyclones are behind ~76% of natural disasters in the South West Pacific 
(Diamond et al. 2013), with most incubating within 10˚S of the SPCZ (Vincent et al. 
2011). Around 80% of Western North Pacific cyclones develop in the ITCZ region 
(Cao et al. 2012). Even far-distant tropical cyclones can cause storm surge flooding 
on PICTs due to propagating waves (Nurse et al. 2014). 

5.3 Effects of Anthropogenic Climate Change 

As greenhouse gas concentrations in the atmosphere climb, an anthropogenically 
altered climate is fast becoming the ‘new normal’. The following sections detail the 
observed and projected climate change impacts on the Pacific, including implica-
tions for ENSO dynamics, rainfall, cyclones, temperatures, sea level rise, and ocean 
acidification. 

5.3.1 Shifts in the ITCZ, the SPCZ and ENSO 

Climate conditions in the Pacific are dependent on the ITCZ and SPCZ, so future 
changes in their behaviour will be extremely consequential. However, high under-
lying variability (in both space and time) makes it difficult to detect trends or attribute 
them to anthropogenic climate change. In many small PICTs, a lack of long-term, reli-
able records of temperature, rainfall, streamflow, wind, and water extraction poses an 
additional barrier. The result is relatively high uncertainty around the observed effects 
of climate change across the Pacific (McGree et al. 2016). The Coupled Model Inter-
comparison Project1 5 (CMIP5) simulations indicate that ENSO events have already 
increased in frequency since pre-industrial times (Power et al. 2017). This conclusion 
is supported by the analysis of Lee and McPhaden (2010), who showed increasing 
frequency and intensity of El Niño events in the central-equatorial Pacific through 
analysis of satellite observations. Higher background warming has been observed in 
the western than eastern Pacific in recent decades, altering sea surface temperature 
gradients and potentially driving a shift towards more extreme El Niño events (Wang

1 CMIP global climate models are subject to a wide array of tests against historical observations, as 
well as analyses of the models’ relative sensitivity to future emissions scenarios. Considering the 
aggregated results of these well-validated models is one of the most robust options available for 
projecting future climate change. 
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et al. 2019). However, these trends could be due to natural variability rather than 
climate change (Capotondi et al. 2015). 

There are known problems with climate model simulations of the Pacific stemming 
from mischaracterization of underlying sea surface temperature patterns (Widlansky 
et al. 2013; Grose et al. 2014; IPCC  2021). The Pacific Ocean temperatures along 
the equator tend to be too low and too much rainfall is simulated over a region south 
of the equator (Samanta et al. 2019). Relatedly, the ITCZ is located too far north 
in most simulations and the diagonal slope of the SPCZ is typically underestimated 
(Brown et al. 2013b; Stanfield et al. 2016). These problems, along with uncertainty 
around the physical processes governing ITCZ and SPCZ behaviour (Byrne and 
Schneider 2016; Popp and Bony 2019), make projection of climate change impacts 
difficult. Individual models tend to show a wide range of shifts, often in contradictory 
directions (Brown et al. 2013b; Byrne et al. 2018). As a result, the ensemble average 
shifts are often close to zero, but this should not be interpreted as a robust projection of 
minimal change (Evans et al. 2016). Rather, it suggests that large shifts are plausible 
but current projections are highly uncertain. 

5.3.2 Future Drought and Rainfall Projections 

Because average rainfall across the Pacific is heavily influenced by the ITCZ and 
SPCZ, future changes in the convergence zones and ENSO will affect the hydrology 
of the region. Unfortunately, as discussed in Sect. 5.3.1, there is little consensus 
around climate change impacts on these large-scale atmospheric drivers so future 
rainfall shifts are also uncertain. The problem is complicated further for islands where 
the terrain (e.g., mountains) impacts rainfall, since GCMs are run across grids with 
cells in the order of 100 km2 and cannot simulate these effects (Nurse et al. 2014). In 
general, increased average rainfall is expected near the equator, with decreases more 
likely in the subtropics related to changes in atmospheric circulation (Australian 
Bureau of Meteorology and CSIRO 2014; CSIRO and BoM 2015; McGree et al.  
2016). 

Extended periods of low rainfall can lead to drought, impacting agriculture and 
water security in the Pacific (McGree et al. 2016). While there is a perception of 
increased drought risk over recent decades, McGree et al. (2016) found mostly 
nonsignificant and spatially variable trends. Deo (2011) showed statistically signifi-
cant downward trends in precipitation across Fiji from 1949 to 2008, but these were 
mostly driven by very low rainfall between 1969 and 1988. McGree et al. (2014) 
reported statistically significant decreases in average rainfall from 1951 to 2011 in the 
South Pacific subtropics, likely due to changes in atmospheric circulation (McGree 
et al. 2016). Southern Australia has seen drying, with downward trends in rainfall 
and upward trends in atmospheric evaporative demand (Chiew et al. 2014; Stephens 
et al. 2018; Delworth and Zeng 2014) and this is projected to continue as the climate 
warms (Grose et al. 2015). Overall, enhanced drought risk is projected for parts of 
Australia (CSIRO and BoM 2015) and the northern Cook Islands under a scenario of
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continued greenhouse gas emissions (Australian Bureau of Meteorology and CSIRO 
2014). Uncertain or reduced future drought risk is projected for most small PICTs, 
but often these assessments consider precipitation changes only (Australian Bureau 
of Meteorology and CSIRO 2014). If warmer temperatures drive increased evapo-
rative demand in the future, water supplies could be negatively impacted. The sixth 
IPCC assessment projects drier conditions for the subtropical Southern and Eastern 
Pacific (IPCC 2021). 

Extreme rainfall can be a driver of damaging floods in the Pacific, particularly 
when combined with wet antecedent conditions (Kuleshov et al. 2014). Extreme 
rainfall is less dependent on ENSO than average rainfall (McGree et al. 2014), 
allowing higher certainty around future changes. Because warmer air temperatures 
enhance the atmosphere’s moisture holding capacity, increases in extreme rainfall 
are expected globally (Westra et al. 2014). For the PICTs, climate modelling suggests 
that current 5% Annual Exceedance Probability events, i.e., storms that are currently 
only seen once every 20 years on average, could occur four times more often in the 
future (Australian Bureau of Meteorology and CSIRO 2014). Such a change could 
substantially increase flood risk, especially in areas with increased average rainfall 
that could simultaneously drive wetter pre-storm soil conditions (Australian Bureau 
of Meteorology and CSIRO 2011; Wasko and Nathan 2019). However, high natural 
variability and limited long-term records hamper efforts to detect recent trends in 
many PICTs. Analysing an unusually long-term streamflow record for Ba River in 
Fiji (122 years), McAneney et al. (2017) found no significant change in flood risk. 

5.3.3 Tropical Cyclones 

Tropical cyclones are behind many natural disasters in PICTs including damaging 
winds, storm surge, coastal inundation, erosion, and fluvial flooding (Magee et al. 
2020). The Western North Pacific region is a global hotspot for cyclone formation due 
to monsoon trough activity, and tropical cyclones are also a major cause of natural 
disasters in the South Pacific (Diamond et al. 2013; Keener et al. 2013). A decrease 
in cyclone frequency, but a greater proportion of major events, has been identified 
in the South Pacific across several studies (Keener et al. 2013; Deo et al. 2011; 
Webster et al. 2005), which is broadly consistent with the latest IPCC findings of 
increased cyclone intensity globally (IPCC 2021). However, high natural variability, 
operational changes that affect detection rates, and a lack of quality observations 
complicate cyclone trend analysis (Landsea et al. 2006). Kuleshov et al. (2008) 
reported a significant increase in severe tropical cyclone activity in the South Pacific, 
but later found that the trends were actually driven by problems with data reliability 
(Kuleshov et al. 2010). There are contradictory reports on tropical cyclone trends for 
the Western North Pacific. Keener et al. (2013) report fewer, but stronger, cyclones 
while Deo et al. (2011) point to weakened cyclone activity. CSIRO et al. (2015) note 
that contradicting trends in cyclone activity in the Western North Pacific region have 
been found by researchers using different datasets. The sixth IPCC report notes a
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north-westward shift in tropical cyclone tracks in the western North Pacific since 
the 1980s, but there is low confidence that this was caused by anthropogenic climate 
change. 

Theoretically, fewer cyclones are expected in a warmer future climate because the 
minimum sea surface temperatures required to drive deep convection will increase 
(Walsh et al. 2012). Analysis based on satellite observations suggests that this 
threshold is already rising (Johnson and Xie 2010). Climate simulations largely 
produce decreased cyclone frequency and increased average intensity across the 
globe (IPCC 2021), but with regional variation (Knutson et al. 2015; Peduzzi et al. 
2012). Decreased cyclone frequency is projected across the Pacific, with higher 
confidence for the South East than the North West region (Australian Bureau of 
Meteorology and CSIRO 2011). Wide-ranging projections encompassing increases 
and decreases in average intensity have been reported for the South Pacific (Knutson 
et al. 2015; Walsh et al. 2012); an increase in average intensity is likely in the North 
West Pacific (Knutson et al. 2015). 

5.3.4 Warming Trends and Heatwaves 

Marine heatwaves can cause dramatic impacts on aquatic biodiversity (Oliver et al. 
2018; Smale et al. 2019), including damage to coral reefs and the fisheries they 
support. Extreme warming in 2015/2016, driven by the combined effects of anthro-
pogenic climate change and El Niño, caused severe coral bleaching around many 
small PICTs and off the eastern coast of Australia (Hughes et al. 2018). In a global 
study, Smale et al. (2019) noted particularly high ecosystem vulnerability in the 
southwest Pacific due to strong projected warming and prevalence of species living 
near their warm range limits. High sea surface temperatures can cause a lag in the 
larval supply of reef fish and negatively impact spawning, as well as driving seagrass 
die-off (Nurse et al. 2014). Small island communities could be severely impacted 
because they rely on these ecosystems for services such as coastal protection, fishing, 
and tourism (Nurse et al. 2014). 

Mean sea surface temperatures in the western Pacific have increased at a rate of 
around 0.3 ˚C per decade since the 1980s, in line with some of the strongest trends 
globally, but relatively little change has been observed in the eastern Pacific (Oliver 
2019). In fact, strengthening of the trade winds across the eastern Pacific Ocean and 
associated cool conditions have been identified as a cause of the well-known global 
warming hiatus (England et al. 2014), when global temperatures remained steady for 
about a decade from the early 2000s despite increased incoming longwave radiation. 
Similar patterns of strong warming in the western Pacific and little change in the 
eastern Pacific were found by Australian Bureau of Meteorology and CSIRO (2011) 
and Oliver et al. (2018), who also pointed to large increases in heatwave frequency in 
the western Pacific. Note that trends in marine heatwaves are generally defined with 
reference to pre-warming temperature extremes and are largely driven by changes
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Fig. 5.2 High and low variability time series subject to the same increase in mean (blue = before 
increase, red = after increase). Both series cross the extreme threshold only briefly in the initial 
(blue) case. However, for the series with increased mean (red), the high variability series is above 
the threshold less frequently and for less time than low variability series 

in the mean temperature, as opposed to higher variability around the mean. In fact, 
variance in sea surface temperature has not changed substantially across the Pacific 
except in the far north (Oliver 2019). Because baseline variability in annual sea 
surface temperature is low in the tropics, particularly in the Western Pacific Warm 
Pool, small changes in mean temperature lead to large changes in the probability of 
exceeding an extreme temperature threshold (Frölicher et al. 2018). This concept is 
illustrated in Fig. 5.2. The latest IPCC report notes that the tropical Western Pacific 
region experienced warming in both maximum and minimum temperature extremes 
over 1951 to 2011, and projects further increases in heatwave frequency, intensity, 
and duration (IPCC 2021). 

As discussed in Sect. 5.3.1, complex large-scale dynamics present a challenge 
for climate modelling across the Pacific, and this leads to inter-model spread in 
future projections of Pacific Ocean temperature (Ying 2020). However, the direc-
tion of change (warming) is modelled consistently. Frölicher et al. (2018) project 
large increases in marine heatwave likelihood, especially in the western equatorial 
Pacific where temperatures exceeding the preindustrial 99th percentile could become 
60 times more likely under 3.5 ˚C global warming. Oliver et al. (2019) use CMIP5 
results to show that, under the same high emissions scenario, the tropical Pacific 
could experience permanent marine heatwaves (i.e., entire years where the temper-
ature never drops below the pre-warming 90th percentile) within the next 20 years. 
Future ocean warming will drive serious ecological impacts and have consequences 
for tourism and fisheries. For example, Lehodey et al. (2013) project declining skip-
jack tuna populations in the western tropical Pacific starting in the mid-twenty-first 
century as conditions become too warm for spawning. 

Land temperatures across small PICTs are strongly influenced by the surrounding 
oceans. Although parts of the Pacific are seeing some of the strongest ocean warming,
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continental land surfaces are expected to warm at a greater rate than oceans (Byrne 
and O’Gorman 2013). Therefore, future warming across small island nations is likely 
to be relatively modest compared to warming in other countries, even in the western 
equatorial Pacific where increases of 1.5–2 ˚C (low emissions scenario) or 2.5–3 
˚C (high emissions scenario) are projected (Australian Bureau of Meteorology and 
CSIRO 2011). However, due to the limited area of small islands, temperature-driven 
range shifts could drive endemic species to extinction (Nurse et al. 2014). Larger 
countries in the Pacific are likely to warm at a greater rate; under a high emissions 
scenario, warming of 4–5 ˚C is projected for most of Australia and 3 to 4 ˚C is 
projected for most of New Zealand and Papua (IPCC 2013). Warm season daily 
maximum temperatures could become more variable across Australia, especially 
in mid-latitude Western Australia and in eastern Australia inland from the Great 
Dividing Range (Meehl and Tebaldi 2004). These temperature changes could drive 
increased drought and wildfire risk. Instances of fauna death due to temperature 
extremes are already being reported (Saunders et al. 2011; Welbergen et al. 2008). 

5.3.5 Sea Level Rise 

In small PICTs, sea level rise is expected to drive some of the most detrimental climate 
change impacts. These could include storm surge flooding, saltwater intrusion in 
groundwater, salinization and degradation of soils, loss of beaches damage to coastal 
habitat, and even permanent displacement of communities (CSIRO et al. 2015). Often 
these problems will be caused by sea level rise together with confounding factors 
such as increased coastal development pressure, more intense storms, and/or erosion 
by human activities (Nurse et al. 2014; Storey and Hunter 2010). For example, 
displacement of a village on the Torres Islands (Vanuatu) in the early 2000s was 
driven by a combination of sea level rise and tectonic subsidence (Ballu et al. 2011). 
Residents on the Cook Islands have reported increased sediment transport, rougher 
ocean conditions, stronger ocean currents, and shorter low tide durations, which seem 
to be impacting the productivity of fisheries (Rongo and Dyer 2014). Water security 
of islands reliant on thin freshwater lenses may be particularly vulnerable to sea level 
rise, although these lenses have been shown to rise with sea level in places where the 
geology is favourable (Nurse et al. 2014). 

Global sea level rise has been attributed to loss of ice sheets, melting glaciers, 
and ocean thermal expansion with unsustainable groundwater pumping also causing 
localized exacerbation (Cazenave and Llovel 2010). Prior to the industrial revolution, 
sea levels were relatively stable for millennia (Cazenave and Llovel 2010). However, 
in recent decades, they have been rising at an increasing rate, reaching approximately 
3.7 mm/year between 2006 and 2018 (IPCC 2021). The rate in the Pacific has been 
much higher, with a rise of around 12 mm/year observed in the tropical western 
Pacific between 1993 and 2009 (Nurse et al. 2014). This faster rate is associated with 
ENSO shifts that can drive variations of 20–30 cm, meaning that it does not reflect
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the expected long-term trend (Becker et al. 2012), but natural variation is expected 
to be overwhelmed by warming-induced sea level rise in the future (IPCC 2021). 
The recent combination of natural and warming-induced sea level rise has already 
led to dramatic consequences. For example, salinization of water sources and soils 
caused significant human migration from some outer islands of Tuvalu to the main 
island, which now supports over 6000 people within a 2.8 km2 land area (Becker 
et al. 2012). Widespread inundation by extreme waves across Papua New Guinea and 
the Solomon Islands in 2008 was exacerbated by concurrent high sea levels (Hoeke 
et al. 2013). 

Future sea level rise depends heavily on the emissions trajectory, highlighting the 
importance of global coordination in urgently cutting global greenhouse gas releases 
to prevent the worst impacts on PICT communities. By 2100, a high emissions 
scenario will likely drive global sea level rise of 0.63 to 1.02 m, while a low emissions 
scenario would probably limit the rise to between 0.28 and 0.55 m (IPCC 2021). Sea 
level rise projections for high emissions scenarios are uncertain beyond 2100 due to 
the impact of ice-sheet responses to warming, and it is possible that sea levels could 
rise up to 5 m by 2150 (IPCC 2021). Average and extreme sea levels are expected 
to rise variably across the world due to gravitational effects between ice sheets and 
ocean waters, differing wind dynamics, and shifts in wave climate (Walsh et al. 2012). 
Models project that differential warming patterns will strengthen the south-easterly 
trade winds while the trade winds closer to the equator weaken; this could drive 
slightly faster sea level rise around Vanuatu, New Caledonia, and Fiji, but slower 
sea level rise around Tuvalu, Kiribati, the Cook Islands, and the Solomon Islands, 
compared to the global average (Timmermann et al. 2010; Walsh et al. 2012). 

Sea level rise clearly presents a threat to communities in the Pacific, especially on 
small islands and low-lying atolls (Mimura 1999) and in coastal areas vulnerable to 
storm surge (IPCC 2021). However, there are examples of communities and natural 
resources showing remarkable resilience. Rapid sea level rise around Tuvalu has 
coincided with many islands (counterintuitively) becoming larger, likely due to wave 
and sediment supply processes (Kench et al. 2015). As the ocean continues to rise, it is 
likely that small sand islands in Tuvalu will shrink but medium and larger islands may 
continue to expand (Kench et al. 2018). Similar variability in how islands respond 
to sea level rise has been found in French Polynesia and the Marshall Islands (Nurse 
et al. 2014). This highlights that islands are not static and, if global greenhouse gas 
emissions are appropriately reduced, island abandonment may be avoidable even 
for seemingly vulnerable low-lying atolls (Barnett 2017). Preserving and restoring 
natural barriers to erosion, including mangroves and coral reefs, will help to maintain 
islands in the face of sea level rise (Mimura 1999). 

5.3.6 Ocean Acidification 

Around 30–40% of anthropogenic carbon dioxide emissions over the last century 
have been absorbed by the oceans, leading to chemical changes that have increased
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acidity (Lebrec et al. 2019; Wei et al. 2009). This has negative implications for marine 
environments, especially coral reefs that are critical for fisheries, tourism, shoreline 
protection, and biodiversity in the tropical Pacific (Shaw et al. 2015; Doney et al. 
2009). For example, tourism generates 40% of employment in Palau, and 86% of 
tourists visit to see coral reefs (Lebrec et al. 2019). Long-term reef monitoring on 
Rarotonga (Cook Islands) indicates that reef recovery after bleaching is becoming 
slower (Rongo and Dyer 2014). On Manihiki (Cook Islands), pearl farmers report that 
oyster shells are becoming thinner and they have noticed increasing pearl deformities 
(Rongo and Dyer 2014). 

Ocean acidity is measured using pH, a logarithmic scale that decreases with 
increasing acidity. As pH declines, the concentration of calcium carbonate (CaCO3) 
in seawater also declines. CaCO3 may take the form of calcite or aragonite— 
both minerals are important for calcifying organisms such as corals and some krill 
(Albright et al. 2010; De’ath et al. 2009). CaCO3 is most abundant in shallow, tropical 
marine environments, so the worst effects of ocean acidification are likely to be felt 
in the higher latitudes first (Orr et al. 2005) and not in the equatorial Pacific. Lebrec 
et al. (2019) found that large-scale coral damage due to acidification has not yet been 
observed in the Marshall Islands, Palau, or American Samoa. In fact, some reefs 
in the tropical Pacific are adapted to unusually high and/or variable acidity; Nikko 
Bay in Palau has pH levels similar to those expected globally in 2100 but maintains 
high coral diversity. However, the impacts of higher marine water temperatures will 
be felt strongly in the tropics (see Sect. 5.3.4) and acidification may make corals 
more vulnerable to temperature-driven bleaching (Anthony et al. 2008). De’ath et al. 
(2009) attributed a 14% decline in calcification across 69 reefs in the Australian 
Great Barrier Reef to a combination of temperature stress and declining aragonite 
concentrations. 

Recent changes in ocean acidity are uncertain due to a lack of direct long-term 
measurements (Shinjo et al. 2013; Wei et al. 2009). Bates et al. (2014) analysed 
datasets 15–30 years in length from seven stations around the world, including one 
off the east coast of New Zealand. They found statistically significant declines in 
ocean pH across the sites, but the rate of change varied between locations. Shinjo 
et al. (2013) used coral isotopes sourced from Guam to create a proxy for pH in 
the West Pacific Warm Pool, noting a declining trend of 0.05–0.08 pH units over 
60 years. Another coral isotope study in the southwestern Pacific pointed to large 
natural variation in pH over 300 years connected to the IPO (Pelejero et al. 2005), 
suggesting that marine ecosystems could actually be quite robust to changing pH, but 
this remains an area of contention (Matear and McNeil 2006; Pelejero et al. 2006). 
Wei et al.  (2009) used a similar method to infer ocean acidity in the central Australian 
Great Barrier Reef over 200 years. They also found substantial natural pH variability 
connected to large-scale Pacific climate drivers, but rapid oscillations in pH detected 
around 1998 coincided with a major bleaching event in the Great Barrier Reef (Wei 
et al. 2009). This indicates that large or quick changes in pH may overwhelm an 
ecosystem’s capacity to adapt. The current rate of acidification is believed to be 
unprecedented within the last 300 million years (Lebrec et al. 2019), and compound
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stressors like overfishing, rising temperatures, and polluted terrestrial runoff may 
further amplify the negative impacts of acidification (Halpern et al. 2015, 2019). 

As atmospheric carbon dioxide levels rise over the coming decades, oceans are 
expected to acidify further, and this would greatly impact food security in the Pacific. 
If emissions continue unabated, surface ocean acidity will be 150% higher than pre-
industrial levels by 2100 (Lebrec et al. 2019; Orr et al. 2005). Kleypas et al. (1999) 
suggest a related decrease in aragonite saturation of 30% by 2050, with serious 
implications for marine ecosystems. Eyre et al. (2018) project that reef sediments 
will experience faster dissolution than calcification globally, and therefore become 
net dissolving, from around 2050. Coral breeding could also be impacted by acidifi-
cation via reduced fertilization and settlement success (Albright et al. 2010). Impacts 
are likely to vary across locations depending on the rate of acidification and other 
compounding stressors, as well as the natural variability to which different organisms 
have been exposed (Shaw et al. 2015; Anthony et al. 2008). 

5.4 Conclusions and Outlook 

Communities in the Pacific are on the climate change frontline, already experiencing 
enhanced temperature extremes, rising sea levels, and effects of ocean acidification. 
They face an uncertain future that will likely include heavier extreme rainfall and 
possibly more intense tropical cyclones. Some countries may also be at greater risk 
of drought in upcoming decades. Small island nations are particularly vulnerable 
to climate change due to their limited natural resources and space. Lack of finan-
cial resources may also limit their capacity to respond with engineering adaptation 
approaches such as infrastructure upgrades. Large countries and high emitters clearly 
have a responsibility to reduce greenhouse gas releases (ultimately to net zero) to 
prevent the worst impacts on island communities. The global food and energy sectors, 
which provide vital services but also generate emissions, have an important role to 
play. 

As an anthropogenically affected climate becomes the ‘new normal’, nations 
and communities in the Pacific will need to adapt. However, adaptation efforts are 
hampered by especially large uncertainties around future climate due to known defi-
ciencies in climate model simulations of the region. The common approach of trying 
to foresee and pre-emptively mitigate against climate change impacts could lead 
to wasted resources in the Pacific if projections turn out to be unreliable (Barnett 
2001). Instead, a flexible approach should be considered in which grassroots initia-
tives are gradually scaled up and adjusted as information becomes available. PICT 
communities have adapted over generations to high year-to-year climate variability 
(Barnett 2001) and have built a wealth of valuable traditional knowledge (Mael 2013; 
Rongo and Dyer 2014), as discussed further in Chap. 11. This can be leveraged for 
understanding and adapting to climate change by placing local communities at the 
centre of future planning efforts. Recent research has highlighted that adaptation to 
high climate variability increases resilience to climate change (Nathan et al. 2019),
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so programs that fortify communities under current variability will also have future 
benefits. However, transfer of vital traditional knowledge is being interrupted by a 
shift towards more westernized lifestyles and targeted data collection must ensure 
that centuries of learnings are not lost (Rongo and Dyer 2014). Climate change aware-
ness programs may help people place their knowledge in the context of adaptation; 
in a survey conducted by Rongo and Dyer (2014) in the Cook Islands, over 90% 
of respondents saw a need for such programs. While climate change undoubtedly 
threatens PICTs and their water, energy, and food security, urgent emissions reduc-
tion combined with context-specific adaptation programs can secure a positive future 
for local societies and the environment. Well-resourced countries with high histor-
ical carbon emissions should play a constructive role in supporting more vulnerable 
countries, particularly within their own region. 
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Chapter 6 
The Water-Food Equation in the Pacific 

Heidi K. Alleway and Wade L. Hadwen 

Complexities that exist at the water-food nexus typify the 
challenge, and the opportunity, for the Pacific region in adapting 
to a future of change. 

Abstract On land and in the sea clean water safeguards food and nutritional security 
in the Pacific, because it underpins functioning, productive food systems, and human 
health and wellbeing. Water, food, and communities in the region are intrinsically 
connected, which makes resolving ecological and socio-economic issues an inher-
ently complex task. Yet, this connectivity, and the geographic diversity of Pacific 
nations, is also a strength. Nexus solutions can be effective in increasing the sustain-
ability of resource use and the resilience of ecosystems and communities to climate 
change, as they enable a range of interconnected land and sea ecosystem issues 
to be considered across multiple spatial scales. They also support communities, 
governments, and industries to identify and navigate trade-offs in social and ecolog-
ical objectives. This chapter explores challenges in the water-food equation and 
several nexus-focused strategies that could foster sustainability and the resilience of 
ecosystems, resources, and communities in the Pacific. 
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6.1 Introduction 

The productivity and sustainability of water and food resources and the health 
of ecosystems are interconnected. Because of this interdependency, challenges in 
achieving sustainability that arise at the water-food nexus can be complex, and they 
can require multiple ecological, social, and economic needs to be met. In the Pacific, 
these challenges and complexities also solidify into a single significant test; without 
a secure supply of clean water, on land and at sea, food security as well as water secu-
rity, cannot be achieved. Clean and secure freshwater and marine environments are 
central to the water needs and sanitation of Pacific communities, and they underpin 
the productivity, safety, and nutritional value of food. Without clean freshwater and 
sanitation (SDG 6) communities will experience ongoing impacts to health and well-
being, and pressure on the supply of water for land-based food production will esca-
late due to population growth, competing demands for resources, and climate change. 
To conserve marine and coastal environments and achieve genuine ecologically 
sustainable development of resources (SDG 14) healthy ocean waters are essential. 

Across the Pacific diverse environmental settings mean that access to sufficient 
quality and quantity of freshwater is highly variable (Chap. 2). For example, in 
atoll nations like Tuvalu, the Marshall Islands, and Kiribati, freshwater is in limited 
supply, and technological and traditional approaches to cope with water scarcity are 
required to sustain food production and human communities, particularly during dry 
spells and droughts (MacDonald et al. 2020). In contrast, in Melanesian countries 
like Papua New Guinea, Solomon Islands, Vanuatu, and Fiji, freshwater is abundant, 
but the quality of the resource, particularly during and in the aftermath of signif-
icant extreme weather events, represents a major threat to human health and the 
safety of food products (Chan et al. 2020). In all geographies coastal environments 
and resources make an important contribution to food, livelihood, and community 
well-being. But degradation of catchments and coastal water quality, brought about 
by poorly managed development, land-based pollution, and high levels of water 
consumption threaten these ecosystems and their productivity (Halpern et al. 2015). 
Human stressors such as eutrophication, overfishing, and pollution, including threats 
from plastic, light, sound, nutrients, and GHG emissions, are impacting marine and 
coastal habitats and species at an increasing rate, and climate change is exacerbating 
their effects (Halpern et al. 2019). 

The biogeographic processes that shape geographies in the Pacific mean that 
many environments are well adapted and inherently resilient to natural disturbance— 
resilience that has evolved over millions of years—but poorly adapted and highly 
vulnerable to human-driven impacts (Keppel et al. 2014). Development that increas-
ingly reflects western expectations for water and food systems, especially intensive, 
high output production systems, and the loss of Indigenous knowledge and prac-
tice (Chap. 11) is straining the natural coping capacity of these systems and human 
communities (Crook et al. 2015). This chapter explores challenges for Pacific nations 
in the water-food equation and several nexus-oriented strategies that target challenges 
in sustainable resource use, but could also provide an opportunity to leverage the
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interconnected nature of water and food systems to deliver numerous ecological, 
social, and economic outcomes across many spatial scales. 

6.2 Water-Food Systems: Their Importance and Their 
Challenges 

While at a global level the drivers of impacts to the availability and quality of water 
may be common (e.g., water extraction for increased food production, physical effects 
of climate and natural hazards) they are unique in time and place throughout the 
Pacific, insofar as how and to what extent the effects are experienced at regional, 
national, and subnational levels. Pacific nations are exceptionally diverse, geograph-
ically, biologically, and culturally. This diversity is an important feature of adaptable 
and resilient environments (Keppel et al. 2014), but it also exposes the variability 
with which nations, particularly the Pacific Island Countries and Territories (PICTs), 
experience the effects of resource pressure and, increasingly, climate change. For 
example, the Marshall Islands experiences the effects of drought and sea level rise, 
both of which reduce the availability of freshwater (MacDonald et al. 2020), whereas 
flooding that occurs in the Solomon Islands each year generates an excess of fresh-
water, and most is unused because rainwater harvesting is not common practice 
(Chan et al. 2020). Such diversity of contexts requires consideration of issues that 
emerge from within water and food systems and the unique impacts they can have 
in each, and consideration of the effects they generate across these systems. 

6.2.1 Water Systems 

While water scarcity and lack of freshwater reserves is a growing problem in the 
central and eastern parts of the Pacific, many countries in the Western Pacific region 
suffer periods where monsoonal rainfall creates very different problems. Where fresh-
water is abundant, careful consideration of the sources of water and their potential 
contamination is needed, to ensure that communities use safe water for drinking and 
food production (Elliott et al. 2017; Chan et al. 2020). While interventions supporting 
the capture and austere use of rainwater, universally deemed to be the safest and 
highest quality source of water in most settings, are gaining significant support from 
government and non-governmental organizations (NGOs) (MacDonald et al. 2020), 
there remain cultural and biophysical constraints in many places that are limiting the 
success of such interventions (MacDonald et al. 2017; Chan et al. 2020). 

Scientific knowledge of water resources remains scarce in many Pacific settings, 
such that the quantity and quality of freshwater available to a large number of commu-
nities remains unknown (see Chap. 2 for discussion on water resource security). An 
effective understanding of country-specific and community context remains a barrier
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to supporting water-food security and achieving the SDGs, particularly as traditional 
knowledge and cycles of rainfall are no longer as reliable as they once were (Hadwen 
et al. 2015; Chan et al. 2020). Limited understanding of groundwater recharge and 
streamflow rates also represents a constraint in water resource planning in many 
locations, although in some places sufficient information via qualitative information, 
including anecdotes, government and NGO reports exists to understand if water is 
scarce across seasons or other time scales. 

With year-to-year rainfall variability increasing, there will be growing uncer-
tainty around predictions of rainfall and reliability of freshwater resources for Pacific 
peoples (Chap. 5). Already, this lack of predictability in rainfall cycles is having an 
impact on local food production in many countries. Anecdotal evidence suggests 
that the timing and magnitude of reliable rainfall events has been diminished, and 
many local people have spoken of failed taro crops and uncertainty around when 
to plant (Sahin et al. 2021). This erosion of reliability threatens the continuation of 
subsistence production systems that many Pacific Island peoples rely on for suste-
nance. Furthermore, changes in rainfall cycles could see an emergence or increase in 
other threats, such as bushfire events, increased vulnerability of crops, particularly 
banana and plantain, to fungal disease, and the additional pressure on water resources 
and infrastructure required for adequate response. Bushfires experienced throughout 
Australia in summer 2019/2020 and flooding in the summer of 2021/2022 make clear 
the extremity of the impacts of climate change; impacts that are projected to become 
more common in many places (IPCC 2019, 2022). Bushfires in the PICTs present a 
growing threat, and for water and food systems their impacts are numerous. The phys-
ical impacts to natural resources supporting primary production can be acute (e.g., 
loss of crops or stock and sustained effects on water resources through use of water 
during events), as can contamination of water sources which can impeded recovery. 
Additionally, heavy rainfall events after bushfires can lead to erosion in catchments 
and carry sediment to coastal areas. Sedimentation of critical coastal and marine 
habitats such as coral reefs can lead to further environmental impacts and rapidly 
and severely deteriorate marine food source systems. To adequately prepare for the 
increasing threats and effects of bushfires, similar approaches used to responsed to 
address other natural hazards, such as cyclones, will be needed. But there will also be 
unique, differentiated needs for preparation that must not be overlooked, in partic-
ular, access to additional water supply, especially during times of higher bushfire 
risk, and rapid response to the ways in which supply will be destabilized and quality 
impacted. 

While living with freshwater resources of limited quality or quantity represents a 
constraint for many people in the Pacific, there are also countless examples of Indige-
nous adaptations that help communities survive during periods of scarce supply. For 
example, in the Republic of the Marshall Islands, communities use seawater when 
cooking their fish (Elliott et al. 2017); this not only preserves the traditional Indige-
nous way of preparing food, but also preserves the limited available freshwater for 
drinking use only, which helps the community get through dry spells and droughts 
(MacDonald et al. 2020). Including Indigenous and customary practices and knowl-
edge into the design of sustainability and climate change adaptation strategies will
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ensure the ecological and social uniqueness of the Pacific region remains a strength, 
and increase the capacity for adaptation under a future of change (Sahin et al. 2021). 

6.2.2 Food Systems 

In the PICTs, changes in eating habitats have resulted in poorer nutrition, the effects 
of which will be intensified by threats to food security via disruptions to supply 
chains from climate change. This includes direct impacts to food production, but 
also disruption to distribution networks and the economic capacity of households to 
access food (Barnett [2011], and see Chap. 4 for discussion on food and nutrition 
security). However, despite ubiquitous and sometimes high rates of food imports 
around 80% of people in the PICTs still draw on agriculture from small landholders 
to satisfy their daily food needs. Many households have small food producing gardens 
and these small holder farms play a pivotal role in the stability and quality of supply 
(Georgeou et al. 2022). Agriculture and seafood production (fishing and aquaculture) 
also provide the largest source of employment in the region, providing a societal 
basis for both economic and food security, especially economic security created by 
small-scale or subsistence fisheries which account for most of fisheries livelihood 
fisheries in the Asia–Pacific (Kittinger 2013). These dependencies underscore one 
of the most significant feedback loops that must be addressed in food production 
today. An estimated 70% of freshwater usage, 80% of habitat degradation, and 26% 
of total global greenhouse gas (GHG) emissions are associated with global food 
production (Poore and Nemecek 2018). In the absence of practical or technological 
advancements to address the environmental impacts of food systems, impacts to 
resources could increase by 50–90% in the coming years (Springmann et al. 2018). 
Under these circumstances food and nutritionally insecure nations could face the 
double jeopardy of needing to expand production to meet increasing demand while 
also incurring the impacts of increased production, through continued deterioration 
of water resources, land displacement, and biodiversity loss (Blanchard et al. 2017). 

The island nature of the Pacific region lends itself to an important role for seafood, 
which forms an essential part of diets and cultural and economic livelihood. Oceania 
maintains the highest regional per capita consumption of seafood globally (an average 
24.2 kg per capita), and the contribution of fish and fishery products to the supply 
of animal protein is more than 20% in a number of countries (FAO 2020). For 
several small island nations, such as Palau, the Cook Islands, Kiribati, and Tokelau, 
alternative forms of protein are not readily accessible and so consumption can also 
be synonymous with reliance. 

Small-scale fisheries do and will continue to play a critical role in securing this 
consumption, even with the effects of climate change (Golden et al. 2021; Short 
et al. 2021). However, the current distribution of seafood production effort means 
this reliance is overwhelming directed toward fisheries, which exposes resources 
to overfishing and the challenge of meeting social objectives for food security at 
the same time as enabling economic opportunities, such as engaging with export
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markets. While production of seafood from aquaculture and its contribution to human 
consumption has steadily increased since the 1960’s at a global level, with the 
total global volume of production from this industry now equivalent to fisheries, 
at a regional level this same trajectory of growth has not occurred. Aquaculture 
production in Oceania is limited in comparison to other regions, with approximately 
12–14% of total seafood production (fisheries and aquaculture combined) contributed 
by aquaculture and decadal growth occuring at a rate of just over 4% (FAO 2020). 
While the majority of the Pacific has suitable habitat for aquaculture production of 
marine species, and for a greater diversity of species than that currently produced 
(Oyinlola et al. 2018), this generally restricted scale of current activity suggests there 
are multiple technical, regulatory, and social challenges that need to be overcome 
to increase production from this industry. Whether a country practices aquaculture 
or not, and to what extent, is influenced by socio-economic factors, particularly 
the quality of governance and regulation, and development of this industry over 
time, underscoring the important role these factors will play in enabling sustainable 
growth into the future (Gentry et al. 2019; Ruff et al.  2020). 

6.2.3 Ecosystems and Economies 

Traditional ways of life in the Pacific are dependent on nature, and these cultural ties, 
as well as the physical dependence, are critical to wellbeing. For example, biodiver-
sity is fundamental to healthy ecosystems, but it is also closely tied to important 
avenues for economic productivity, deepening the dependence of the Pacific on 
healthy and productive water-food ecosystems, and adding to the complexity of 
balancing multiple community and environmental needs. In particular, marine envi-
ronments in the central Indo-Pacific have the highest species richness globally (Miller 
et al. 2018) and this unique biodiversity underpins the opportunities afforded through 
tourism. Across Asia and the Pacific, international tourist arrivals have steadily 
increased since 1950, and in 2018 the region received 24.43% of arrivals world-
wide (Roser 2017). Yet, while of critical economic importance tourism is a significant 
creator of waste and the pressure generated through additional use of water resources 
can limit the availability and access to safe water resources for residents (Becken 
2014; Dwyer 2018). Energy-intensive desalination plants (Chap. 8) often only serve 
international guests, with no direct water benefits for the local communities (Loehr 
et al. 2021). These interactions could constrain sustainable development of tourism 
and other industry, and further growth of economic capacity (Briassoulis 2002). As 
such, a more holistic and integrated approach is needed to ensure that growth and 
development in the tourism sector does not come at the cost of the local environment, 
people, or places (Briassoulis 2002; Loehr et al. 2021). As climate change places 
increasing stress on water resources, location-based or ‘destination’ approaches will 
need to be able to ensure the sustainability of tourism in climate-vulnerable nations 
(Hadwen et al. 2015; Loehr et al. 2021).
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Similarly, food consumption by tourists can generate expectations for access to 
different foods than those produced in local systems and imbalances in food avail-
ability, which contributes to the high rates of food importation observed in some 
Pacific nations (Table 6.1). Food importation requires considerable infrastructure. 
Where trade networks lack infrastructure or the capacity to sustainably increase the 
supply of goods from domestic or international markets, there is a risk that attention 
and funding for maintenance, upgrades, or new initiatives will be diverted toward 
tourism-centric development and away from needs that best serve local communities. 
In the short term, the challenges of achieving local water and food security while 
restoring and increasing economic opportunities associated with food markets and 
tourism have been complicated by the impacts of the COVID-19 pandemic. The 
collapse of the tourism economy and reduced economic contributions from fish-
eries will create long-term debt for many nations (Béné 2020; Northrop et al. 2020) 
upping the challenge of meeting numerous, sometimes competing, ecological, social 
and economic demands. 

Unfortunately, a comprehensive and harmonized picture of ecological and human-
development risk in water-food systems across the Pacific is being compromised by 
a lack of available data for many PICTs. These data gaps limit the capacity for plan-
ning, and comparison of threats and impacts at successive scales to appropriately 
prioritize investment. For example, the 2019 Global Food Security Index reports 
rankings for the Pacific nations of Australia and New Zealand, but, despite being a 
high profile and widely used database, comparable data and scores for many PICTs 
are not available. This creates an imbalance and bias in the world view of resource 
vulnerability analyses. Data limitations for the Pacific region also limit down-scaled 
assessments of climate risk. For instance, Faivre et al. (2022) completed a hazard 
assessment in Port Resolution Bay, Vanuatu and found very limited data of suffi-
ciently high resolution to model coastal processes effectively, leading to the risk of

Table 6.1 Proportion (%) of key trade processes (consumption by tourists, importation of products, 
and exportation of products) in 2017, associated with food production (including food, beverages 
and oils) in select Pacific nations (FAO 2019; Roser  2017) 

Countrya International 
arrivals in 
2016 

Total food 
production 
(tonnes) in 
2017 

Tourist 
consumption 
(% of 
production) 

Imports (% of 
production) 

Exports (% of 
production) 

Fiji 792,000 2,312,000 10.38 16.61 11.16 

French 
Polynesia 

192,000 230,000 17.83 68.26 3.91 

Kiribati NA 367,000 24.52 7.90 26.70 

Samoa 134,000 293,000 19.11 23.89 6.14 

Solomon 
Islands 

23,200 1,059,000 17.19 11.71 15.49 

Vanuatu 95,100 529,000 11.91 9.26 30.06 

aCountries included are those with available data for consumption of food and beverages by tourists 
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recommending maladapted approaches. In this example available wave data gener-
ated unrealistically high predictions of wave height within the bay, which if taken on 
face value would lead to a recommendation for extensive and expensive engineering 
adaptation for coastal protection despite these solutions being likely to fail to prevent 
ongoing cliff erosion, even under worst case scenarios associated with a Category 5 
tropical cyclone. The most appropriate intervention identified by Faivre et al. (2022) 
was revegetation of clifftops to reduce erosion, a solution that may be lower in imme-
diate and ongoing costs and come with numerous additional ecological and social 
co-benefits. 

6.3 Fostering Sustainability and Resilience Through 
Water-Food Strategies 

The Pacific region is physically, socially, and economically exposed to acute impacts 
and disruptions from climate change as well as systemic changes, such as sea level 
rise and species migration through changes in the suitability of habitat (IPCC [2019] 
and see Chap. 5 for climate change trends). Furthermore, climate change strains the 
connectivity between systems, displacing or accumulating pressure across ecosys-
tems or communities. Changes in rainfall patterns present direct threats to water 
security because of the high dependency of many Pacific nations on rainfall due 
to limited availability of ground and surface water (Chap. 2). Changes in rainfall 
patterns will likely also impact the production of staple crops, which could exacer-
bate the burden of malnutrition that is already present in the region (Chap. 4). Such 
changes have direct impacts and equally problematic indirect impacts. For example, 
reduced freshwater inputs into catchments can reduce flows to coastal habitats that 
are necessary for the breeding of commercially or culturally significant freshwater 
and migratory marine fishes (Arthington et al. 2016). Engineering features designed 
to mitigate the impacts of increased variability in freshwater resource availability in 
response to climate change could, therefore, disrupt these natural processes (Crook 
et al. 2015). Strategies that therefore target the interdependencies between water 
and food systems will be especially effective in supporting climate adaptation and 
resilience. Their efficacy is reliant on working across ecosystems, spatial scales, and 
human dimensions, and the interdependencies become an opportunity to leverage 
improvements in both systems, their interdependencies, and diversity, which is crit-
ical to environmental health and community wellbeing (Fig. 6.1). Below we discus 
three strategies that may be especially valuable examples of a nexus approach to water 
and food sustainability in the Pacific region. We identify some key considerations 
for each that all actors could take in furthering these approaches.
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Fig. 6.1 Water-food nexus strategies provide an opportunity to address threats within and across 
systems (A), through sustainability strategies that work across multiple ecosystems, spatial scales, 
and human dimensions (B). Figure adapted with permission from A. Blacka and the Water Research 
Laboratory, University of New South Wales 

6.3.1 Integrated Planning and Management 

Integrated Management (IM) of resource use and sustainable development is now a 
generally well-known and promoted approach; and it remains one of the most impor-
tant ways to achieve effective and equitable outcomes at the water-food nexus. IM 
can assist to make decisions that require balancing multiple objectives in sustain-
ability, or the need for trade-offs, providing a foundation for transparent governance 
and decision-making. The importance of this approach is reflected in its explicit 
inclusion in the SDG’s and their targets, including SDG 6: Clean Water and Sani-
tation, which identifies “Target 6.5: By 2030, implement integrated water resources 
management at all levels, including through transboundary cooperation as appro-
priate”. Integrated Landscape Management (ILM) is the management of production 
systems and natural resources in an area large enough to produce vital ecosystem 
services, and small enough to be managed by the people using the land and producing 
those services (FAO 2017). This definition is extended to catchment and marine appli-
cations. In coastal areas, Integrated Coastal Zone Management (ICZM) can play an 
important role in managing human use of this highly dynamic space, and changing 
expectations for use of these common property areas and resources.
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The value of integrated management, in all its forms, is the focus it adds to planning 
at the landscape or seascape scale, which drives recognition of the myriad habitats, 
species, and functions that form an ecosystem and the intent and impact (positive 
and negative) of a community’s interactions with them. An integrated approach also 
enables challenges such as poverty and food security to be considered alongside 
efforts to protect or restore environments. Yet, IM has proven difficult to implement, 
in part because sufficient investment has not been directed toward the capacity needed 
to monitor and evaluate its efficacy and make adaptations (in the approach), and 
because it is linked to legislation and jurisdictional cross boundary policy (e.g., 
catchment management), which requires sustained political will and support from 
government. Even in areas where IM constitutes a guiding principle for legislation 
it has had mixed success. Notably, despite having the regulatory and management 
capacity to implement ICZM, its application in Australia is varied and its results 
uncertain. This has contributed to the lack of progress made in addressing ongoing 
declines in globally critical habitats, such as coral reefs and biodiversity (Clark and 
Johnston 2017). Disconnect in the practices applied in coastal areas and an imbalance 
between responsibilities and effective resourcing has also meant that complex but 
increasingly urgent issues, such as sea level rise, are not yet being meaningfully 
addressed. 

The island nature of the PICTs creates the added challenge of realizing integrated 
management in areas physically disconnected but intrinsically linked, be these link-
ages in ecosystems, species, or socio-economic and cultural connections. Integrated 
Island Management (IIM) has been put forward as an approach to this complexity 
(Jupiter et al. 2014). This work identified ten principles that provide a valuable 
framework to advance IIM throughout the Pacific: 

1. Adopt a long-term, integrated approach to ecosystem management. 
2. Use clearly defined boundaries for ecological and governance systems. 
3. Maintain and restore connectivity between complex social and ecological 

systems. 
4. Incorporate stakeholders through participatory governance with collective 

choice arrangements that consider gender and social equity outcomes. 
5. Ensure that management rules reflect stakeholder values and conditions. 
6. Ensure recognition of rights to organize and develop management rules. 
7. Develop appropriate sanctions for users who violate rules. 
8. Identify appropriate, efficient, and cost-effective conflict resolution mecha-

nisms. 
9. Implement adaptive management where regular monitoring, evaluation, and 

review in the face of uncertainty lead to evidence-based decision-making. 
10. Nest management layers across sectors, social systems, and habitats. 

Importantly, the inclusion of Indigenous knowledge and customary practices in 
sustainability and climate change adaptations (Chap. 11) can inform the design of 
more effective solutions, in addition to having a positive effect on individual and 
community wellbeing (Sahin et al. 2021). Indigenous knowledge is not, however, 
currently well-included in integrated approaches, and practical, ‘on the ground’
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examples of Indigenous-led or informed strategies are rare (see Nalau et al. 2018 
for a recent review of case studies). To implement IM effectively, the inclusion of 
Indigenous and customary knowledge and practices must be a priority, and actively 
pursued. 

6.3.2 ‘Ridge to Reef’ Investment 

When implemented effectively IM can assist to more efficiently direct interventions 
and investment. ‘Ridge to Reef’ (Chap. 16) resourcing of sustainability and climate 
change adaptation strategies is built on an integrated approach but focuses especially 
on anthropogenic impacts from terrestrial areas, at the source, or top, of the watershed 
and their potential effects throughout the catchment and its waterways to the coast 
and ocean. Consequently, as well as enabling the source of problems to be identified 
a ridge to reef focus can facilitate a more accurate view of the cumulative nature of 
effects, such as the use agricultural fertilizers and runoff in addition to successive land 
uses and change (e.g., Carlson et al. 2019). For example, Delevaux and Stamoulis 
(2022) used spatial analysis of future forest management interventions to map where 
the greatest benefits of marine conservation in Vanuatu could be achieved. Priority 
areas for intervention in forests were clearly identified as those being upstream from 
coral reefs and seagrass in catchments, on the windward side of large high islands 
where tropical rainfalls were greater. 

As well as having challenges common to the implementation of IM, a current 
barrier to a ridge to reef approach is the size of the ‘pool’ of funding that is currently 
available. Funding from global agencies and national jurisdictions provides a basis 
for solutions that are applied in catchments, but public funding is unlikely to generate 
an increase in investment or revenue that would lead to interventions being sustained 
over long periods of time, or scaled-up, because integrated approaches typically 
involve many stakeholders, each with their own changing interests (FAO and Earth-
scan 2011). Furthermore, funding of climate change adaptation and mitigation is 
currently well below what is required to effectively protect communities and ecosys-
tems, particularly for strategies that can generate environmental as well as social 
outcomes. A recent assessment of major global climate funds found that while 
cumulative investment for climate change mitigation and adaptation projects was 
USD94 billion, only USD12 billion of this funding was being spent on Nature-based 
Solutions (NbS; UNEP 2021). Additional finance for adaptation is critically needed. 

To supplement public funding, reform of financing and influencing the direction 
of investment from private entities is emerging as an important approach to build 
capital for NbS. For example, green bonds provide a financing option for private and 
public entities to support environmental investments by working to raise capital that 
explicitly supports environmental projects. The distinction of social values arising 
from the environmental value, often with links to climate change adaptation, arising 
from these investments differentiate them from traditional bonds (The World Bank 
2015). From the first green bond in 2008 to the end of Jun 2015, the World Bank
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issued USD8.5 billion in more than 100 green bond transactions, supporting 70 
climate projects around the developing world (The World Bank 2015). The first 
ever green bond issued by a developing country was issued by Fiji in 2017, as a 
sovereign bond focused on sustainable development of natural resources, renewable 
energy, water and energy efficiency, clean transport, wastewater management, and 
sustainable agriculture to reduce fertilizer run-off into coastal areas (The World Bank 
2017). 

In recent years ‘blue bonds’ have emerged to support financing of solutions for 
coastal resilience. Financing for blue bonds is being pursued for the Pacific with 
planning underway for a Pacific Ocean Bond (BNCFF 2019), meaning the region 
may be well positioned to capitalize on private investment and provide an ethically 
and financially attractive market for investors. Emerging financing mechanisms such 
as these could provide much-needed resources to implement adaptations throughout 
catchments and in high vulnerability areas, especially in the PICTs. A critical step 
in ensuring strategies can be effective is maximizing their value and cost efficiency. 
Embedding consideration of financing in IM at multiple spatial scales, using a ridge 
to reef approach, provides one of the best opportunities to address issues that impact 
multiple, connected terrestrial and coastal environments and dependent communities. 

6.3.3 Nature-Based Solutions and Regenerative Systems 

Central to the water-energy-food nexus is the environment (Chap. 1), with functioning 
ecosystem services essential for sustainable development. Interactions between the 
sectors of water, energy, and food do not necessarily physically abut each other to 
be connected at an ecosystem, catchment, or other scale. The pressures and impacts 
from each sector interact through pathways as part the broader environment. NbS 
are actions that protect, sustainably manage, or restore natural and modified ecosys-
tems in ways that address societal challenges effectively and adaptively, to provide 
both human well-being and biodiversity benefits (IUCN 2020). When applied to 
climate change, NbS could enable communities to achieve targeted climate mitiga-
tion outcomes, including GHG emissions reductions, while also realizing sustain-
able growth in the use and production of resources, especially water resources and 
food. Land management actions using these Natural Climate Solutions (NCS) may 
be able to provide more than one third of the mitigation required to keep climatic 
warming below 2 °C, and they may be more cost-effective than other approaches 
(Griscom et al. 2017). A range of NbS and NCS are emerging in agricultural settings 
and industries, including “regenerative practices”; practices that work to rehabili-
tate degraded land and reduce GHG emissions through specific farming approaches. 
The resource burden of global food production is significant, and transformation 
of this industry is needed. The Food and Land Use Coalition, Global Consulta-
tion Report (FOLU 2019) report defines 10 transformations that if implemented 
could create additional economic outcomes to 2030 worth USD530 billion, through 
actions that focus on ‘productive and regenerative agriculture’, and USD200 billion
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by ‘restoring and protecting nature’. Importantly, NbS present an opportunity to 
bridge the intent of IM with practical and effective solutions for system-level inter-
ventions (e.g., improving soil health) and interlinked interventions that can have 
broader benefits (e.g., improving soil health to enhance food production, enhance 
biodiversity, and sustain local cultural values from the landscape). 

An emerging illustration of how regenerative practices could foster increased 
food production while also improving water quality and ecosystem resilience can be 
seen in restorative aquaculture. It has been estimated that an additional 76 million 
people in tropical areas of Asia and Oceania could be fed on the high-quality protein 
provided by bivalve shellfish with an additional development of only 1% of the 
available (non-conflicted) waters (Willer and Aldridge 2020). However, the compar-
atively smaller contribution of aquaculture to total seafood production in Oceania (12 
to 14%) and low growth rates over the last several decades (4%) present a challenge 
to increasing production from this industry in the short term (FAO 2020). Also, 
despite substantial progress in improving industry sustainability and management 
over the last 20 years issues associated with pathogens, parasites and pests remain, 
conflicting use of space and resources can be difficult to resolve, and the effects of 
climate change may present a challenge to the capacity of existing farming methods 
(Naylor et al. 2021). Therefore, while sustainable development of aquaculture might 
foster access to food and economic opportunities with minimal pressure to freshwater 
resources, and provide a means to produce quality protein with lower environmental 
impacts than terrestrial sources (Gephart et al. 2021), growth in this industry will 
most likely still increase the risk of environmental impacts, conflicts in resource 
use, and greater GHG emissions. In contrast, restorative aquaculture, “occurs when 
commercial or subsistence aquaculture provides direct ecological benefits to the envi-
ronment, with the potential to generate net positive environmental outcomes” (The 
Nature Conservancy 2021). It provides an opportunity to direct growth in aquacul-
ture for food or economic activity toward practices that can also generate ecosystem 
services and environmental benefits, and repair or protect coastal and marine envi-
ronments. Bivalve shellfish aquaculture has been assessed as having ‘high potential’ 
for the parallel delivery of food and environmental benefits via restorative aqua-
culture in the Pacific (Theuerkauf et al. 2019, https://sites.google.com/view/global 
aquatest/home), and interest in the production of seaweed species—an aquatic food 
that can be produced with the lowest known GHG emissions (Gephart et al. 2021) 
and provide a range of ecosystem services as co-benefits (Alleway et al. 2018)—is 
growing (Box 6.1). 

To support effective implementation of NbS the International Union for Conser-
vation of Nature (IUCN) has established global standards that provide a framework 
to support verification of the efficacy of solutions and guidance on their design (e.g., 
biodiversity and ecosystem considerations, financial viability, balancing trade-offs), 
and scaling, the ‘IUCN Global Standard for Nature-based Solutions’ (IUCN 2020). 
These standards directly and indirectly intersect with water and food industries. The 
synergies between aquaculture, for example, have been explicitly reviewed, showing 
that under specific circumstances, and if planned and implemented effectively, aqua-
culture could contribute to NbS (Le Gouvello et al. 2022). Regional initiatives

https://sites.google.com/view/globalaquatest/home
https://sites.google.com/view/globalaquatest/home
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are also emerging, such as the Kiwa Initiative (https://kiwainitiative.org/en/) which 
works to strengthen the resilience of Pacific Island ecosystems, communities, and 
economies to climate change through NbS. In partnership with the Pacific Commu-
nity (South Pacific Commission) and the Secretariat of the Pacific Regional Environ-
ment Programme (SPREP), this initiative recently launched a technical assistance 
program aimed at:

• identifying and developing large projects addressing climate change adaptation 
through NbS;

• assisting relevant stakeholders from beneficiary PICTs in project development to 
be submitted to the Secretariat of the Kiwa Initiative; and

• promoting joint funding opportunities from the Kiwa Initiative and other climate 
action donors. 

The availability of frameworks and support mechanisms such as these provide impor-
tant guidance for industry, jurisdictions, and communities in immediately engaging 
with NbS and regenerative practices, and must continue to be developed and main-
tained. To ensure NbS can be implemented effectively, however, and without undue 
economic costs through inefficiencies or maladapted responses, collaborative, cross-
jurisdictional collaboration that can support the implementation of IM and ensure the 
inclusion of Indigenous and local knowledge and customary practices in an equitable 
way, must be reinforced. 

Box 6.1 Seaweed—nutritional outcomes with sustainable, environmentally posi-
tive food sources 
Marine algae (seaweed) produced through sustainable aquaculture is gaining increasing 
attention for its potential to be a nutritionally valuable source of food that can also 
provide ecosystem services and environmental benefits during farming (Fig. 6.2). 
Seaweeds have a range of known co-benefits, meaning the sector could make an impor-
tant contribution to food security as well as ecosystem health in Pacific. Barrett et al. 
(2022) estimated that a seaweed farm could remove an average 275 kg of nitrogen 
ha–1 yr–1 (n estimates = 8; 96–678 kg ha–1 yr–1), worth an average 8,889 (3,084– 
21,886) USD ha–1 yr–1, and there is the potential for seaweeds to use substantial 
amounts of carbon during their growth, to the extent that the carbon taken up could 
support offsetting emissions from the aquaculture industry as a whole (Froehlich et al. 
2019). With the right practices seaweeds can be produced with very low GHG emissions 
and other environmental impacts (Gephart et al. 2021), and could therefore support 
communities in meeting the objectives of multiple SDG’s (Duarte et al. 2021).

https://kiwainitiative.org/en/
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Fig. 6.2 Seaweed species have high range nutritional value and can be farmed with few 
environmental impacts and potential positive effects. (©TNC/Kevin Arnold) 

However, despite high annual growth rates in seaweed production activity in 
seaweed aquaculture is largely nascent in many countries in the Pacific, including the 
larger industry jurisdictions of Australia and New Zealand (FAO 2020). Production is 
fragmented across the region, and farming has come up against multiple regulatory, 
technology, and social barriers. Recent work in the region has identified that actively 
linking seaweed production and processing to broader social, economic, and envi-
ronmental goals could be an important pathway to overcoming current production and 
processing constraints, and building domestic demand and investing in the development 
of effective local supply chains could be an effective platform for then further growth 
(Paul 2020). Importantly, despite its nascent status in current production consumption 
of seaweed is not a new trend. In some Pacific nations seaweeds have cultural signifi-
cance and are commonly consumed (Tiitii et al. 2022), but capitalizing on the potential 
for these species to be a nutritionally valuable and environmentally positive source 
of food will require an evolution from subsistence patterns of consumption to more 
widespread use (Butcher et al. 2020). Attention will need to be given to differences in 
local preferences (Butcher et al. 2020) and the production systems that are acceptable 
and most effective within jurisdictions (Paul 2020). 

6.4 Conclusion 

Safeguarding the health of fresh and marine water resources and systems will have 
benefits to the productivity and quality of food systems, as well as the water systems 
themselves. Without clean freshwater and sanitation, and intact, functioning marine 
environments, communities will experience ongoing impacts to health and wellbeing 
and increasing pressure on resources, because of population growth, competing needs 
for resources and economic opportunities (e.g. tourism), and climate change. The
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intrinsic connectivity of water and food provides an important opportunity to design 
and implement locally contextualized solutions, which can be assisted by thinking 
about their interdependencies and leveraging approaches that work at the nexus, 
such as IM, ridge to reef investment, NbS and regenerative practices. Central to 
this opportunity is the interconnectedness of people, place, and ecosystems in the 
Pacific. Ensuring Indigenous and local knowledge is included as an integral part of 
these solutions will be critical to their success (e.g. knowledge to optimize freshwater 
resource use during periods of acute water scarcity; MacDonald et al. 2020). In some 
nations and areas, local knowledge is driving the development of original solutions at 
the forefront of proactive responses, for instance the reinvigoration of traditional and 
agroecological methods for networked marine protected areas (Mcleod et al. 2019). 
In other nations, Indigenous and local knowledge is being overlooked in favour 
of technology innovation. Viewing the water-food equation as an opportunity to 
leverage connectivity and approach trade-offs, rather than viewing this connectivity 
solely as a challenge—often a highly complex challenge—provides a much-needed 
lens through which solutions that can improve the sustainability and resilience of 
ecosystems as well as communities can be developed. 
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Chapter 7 
The Water-Energy Equation 

Richard R. Rushforth 

Across the Pacific region, there is a statistically-significant 
relationship between a country’s electrification rate and the 
proportion of that country’s population served by a piped 
drinking water system. 

Abstract In 1994, Peter Gleick defined the intricate relationship between water 
and energy as this: “We use energy to help us clean and transport the fresh water 
we need, and we use water to help us produce the energy we need.” In the Pacific 
region, where diesel fuel is the primary electricity generation fuel, the water-energy 
nexus goes further. Globally, large quantities of water are needed to produce the 
fuel required to electrify the Pacific region. The prevalence of piped water systems 
in the Pacific region depends on a country’s electrification rate. Renewable energy 
technologies can increase rural electrification rates. A positive statistically significant 
relationship exists between a country’s electrification rate and the prevalence of piped 
drinking water systems, which gives hope that adopting aggressive renewable energy 
and climate policies will lead to greater access to improved drinking water sources 
across the Pacific region. 
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7.1 Introduction 

The water-energy nexus defines the linked dependency between how societies 
consume and utilize water and energy, how water is integral to the production of 
energy resources, and how energy is key to the production of clean drinking water, 
the development of piped water systems, and the treatment of wastewater. In 1994, 
Peter Gleick defined the intricate relationship between water and energy as this: 
“We use energy to help us clean and transport the fresh water we need, and we use 
water to help us produce the energy we need” (Gleick 1994). Gleick’s description 
of the relationship between water and energy underscores the water-energy nexus’s 
dual nature: we need water to produce energy and we need energy to produce and 
distribute potable water through piped systems. 

The geography of the Pacific basin creates unique challenges for managing 
resources at the water-energy nexus. The energy supply chains that transport primary 
energy sources to the Pacific region are long and tenuous, presenting many challenges 
and vulnerabilities for these countries. Primary energy sources are energy sources 
that can be utilized without secondary transformation. For example, the US Energy 
Information Administration lists primary energy sources like fossil fuels such as 
petroleum, natural gas, coal; nuclear electric power; and renewable energy sources 
such as geothermal, solar, hydroelectric, wind, and biomass (US Energy Informa-
tion Administration 2020a). Conventionally, the conversion of primary sources of 
energy into secondary forms of energy—namely electricity—relies on a thermoelec-
tric process that requires converting water into steam to spin turbines that generate 
electricity (Kohli and Frenken 2011). Because the challenges presented by long 
supply chains has hindered diversification of electricity generation fuel sources in 
the Pacific—a recent estimate showed that imported fossil fuels accounted for 90% 
of energy use in the Pacific region (Abbasov 2020)—the water-energy nexus has 
significant implications for water resources consumption in the region. 

On its face, the water-energy equation is two-sided; energy is necessary to produce 
clean water and treat wastewater while water is necessary for energy generation; but 
it is multifaceted due to feedback loops in these complex coupled natural-human 
systems (Liu et al. 2007). While it is important to understand how and why water is 
necessary to produce energy in all its forms, energy is necessary to produce clean, 
potable drinking water and to clean wastewater. The energy intensity of water treat-
ment to produce potable drinking water is dependent on the initial quality of the 
water being treated. Not surprisingly, water requiring more treatment is more energy 
intensive. In a region with limited freshwater resources but abundant access to the 
ocean for desalination, the energy intensity of water treatment is an important consid-
eration; the desalination of and treatment of ocean water (Chap. 8) can be orders of 
magnitude more energy-intensive than performing the same process on brackish 
water (Plappally 2012). In turn, there is a water intensity to our energy, as water 
(steam) is essential to the production of electricity at thermoelectric power plants; 
though in geographies where diesel fuel is the primary energy source for electricity 
generation this relationship is not as intense. Finally, while wastewater treatment
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is an energy intensive process, wastewater itself is a potential source of energy 
through the production of biogas via anaerobic digestion (Qadir et al. 2020) and 
is an underutilized source of energy in area with low levels of wastewater infras-
tructure development. Hydroelectricity generated through control of rivers via dam 
construction is not prevalent in Pacific Island Countries and Territories (PICTs) 
but does exist (Chap. 2) and requires balancing upstream/downstream and seasonal 
demands for energy and water sectors. Even though the water-energy equation is 
seemingly straightforward, the numerous touchpoints between these two systems 
create complexity and opportunities for innovations that increase the sustainability 
of both systems in tandem. 

This chapter will explore both lenses of the water-energy nexus and its implica-
tions for water access and security in the Pacific region, with focus mostly on the 
PICTs rather than the geographically larger and high-income countries of Australia 
and New Zealand. This chapter will present data on the supply chains that link the 
water-energy nexus across the Pacific region and present process-level data that quan-
tifies the relationships between energy and water. We will discuss the impact that 
energy transitions away from fossil fuels will have on water resources. Further, we 
will discuss how a changing climate affects water availability and quality across the 
Pacific region and this, in turn, impacts the energy intensity of water production. 

7.2 Water-For-Energy in the Pacific Region 

Water is essential to the production of energy in all of its forms. Indeed, water 
itself is a form of energy stored behind dams or when river and ocean currents are 
utilized to spin turbines that produce electricity (US Department of Energy 2020). 
For the Pacific region, the water-for-energy relationship takes two forms. First, the 
direct usage of water to produce energy in the form of electricity. Direct water usage 
is the physical consumption of water to produce electricity through thermoelectric 
processes. The second form is indirect water use in the supply chains that produce 
the region’s primary energy resources. Since the Pacific region’s largest fuels for 
electricity generation are fossil fuels, mainly diesel in PICTS and coal in Australia 
(as detailed in Chaps. 3 and 12), we must also consider the water consumption 
required to produce these energy commodities. Through the water-energy nexus, 
water scarcity and other issues that affect the quantity, quality, and availability of 
water resources can affect the Pacific region’s energy supply at the local level where 
electricity is generated and at the global level where fossil fuels are produced. In this 
section, we first discuss the direct use of water for energy production, followed by 
indirect water use in the Pacific region’s energy supply chain. The section concludes 
with a discussion on the water implications of the Pacific region’s transition away 
from fossil fuels.
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7.2.1 Overview of Energy Generation Fuels Across 
the Pacific Region 

Numerous challenges exist facing the electrification of the Pacific region. First and 
foremost, the region’s remoteness creates long fuel supply chains to link the coun-
tries in the Pacific region to fuel suppliers. These long supply chains have created 
a dependence of fossil fuel in PICT nation electricity systems, both in the transport 
of fuel to islands and the utilization of petroleum products (fuel oils and diesel) as 
a primary fuel source for electricity generation. Population density also presents a 
large challenge to energy development and diversification. According to the Asian 
Development Bank (2019), the nations of Papua New Guinea, Fiji, Solomon Islands, 
Vanuatu, Samoa, Kiribati, Tonga, the Federated States of Micronesia, Marshall 
Islands, the Cook Islands, Palau, Nauru, Tuvalu, and Niue are comprised of approx-
imately 3,200 islands/atolls. Given these countries’ populations, the population per 
island/atoll ranges from 60 inhabitants per island/atoll in Palau to 21,889 inhabitants 
per island/atoll in Samoa (Asian Development Bank 2019). Previous studies have 
indicated that differences in electrification rates across PICT have pointed to geog-
raphy—the vast number of islands/atolls in the region—along with differences in 
population density and GDP per capita as primary reasons (Dornan 2014). As shown 
in Table 7.1, in 2011 there was a weak relationship present between PICT electri-
fication rates and both population density and GDP per capita. However, in 2019, 
the relationship identified by Dornan (2014) no longer held as many of the PICT 
nations with low electrification rates had substantially increased electrification rates 
by 2019. Specifically, the PICT nations of Vanuatu, Solomon Islands, and Papua New 
Guinea increased electrification rates by 282%, 450%, and 530%, respectively, illus-
trating the success that these countries have had making progress toward Sustainable 
Development Goal (SDG) 7, which includes ensuring “access to affordable, reli-
able, sustainable and modern energy for all,” (Wu and Wu 2015). This needed and 
welcomed SDG electrification progress is due to increases in both fossil fuel-based 
and renewable energy electricity generation (Chap. 3).

Across the PICT region, fossil fuels, specifically fuel oils and diesel, play an 
outsized role in electricity generation due to the length of PICT supply chains, the high 
energy content of these fuels, and the relative portability of these fuels compared to 
other primary sources of energy for electricity generation. Oil and petroleum product 
dependence is a well-documented and longstanding concern for PICT nations. For 
decades, research studies have discussed the vulnerability of PICT nations to oil price 
shock and supply chain disruptions in their energy systems (Yu and Taplin 1997). 
A 1998 study evaluated the Fijian energy system oil dependencies and cited trade 
statistics showing net energy import dependence exceeding 90% as far back as the 
1970s (Reddy 1998). Further, Reddy (1998) and Currie (1996) discussed various 
policy measures to reduce Fijian dependency on imported oil products, underscoring 
that the current efforts to reduce PICT nation fossil fuel dependency have deep roots.
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Table 7.1 Electrification rates across the Pacific region 

Country 2011 2019 

GDP per 
capitaa 

($2019 
USD) 

Population 
densityb 

(person per 
km2) 

Electrification 
ratec (%) 

GDP per 
capitaa 

($2019 
USD) 

Population 
densityb 

(persons per 
km2) 

Electrification 
ratec (%) 

Guam 31,210 296 100 37,724 310 100 

Nauru 6,560 503 100 10,983 538 100 

Niue 11,372 6 100 12,095 7 100 

Tuvalu 3,643 354 100 4,056 389 100 

Northern 
Mariana 
Islands 

13,497 117 100 20,660 124 100 

Cook 
Islands* 

17,837 74 99 28,486 75 100 

Samoa 3,933 66 99 4,324 70 99 

Palau 11,095 39 97 14,908 39 100 

Tonga 4,003 144 95 4,903 145 98 

Fiji 4,371 47 89 6,176 49 100 

Marshall 
Islands 

3,046 314 95 4,073 327 95 

Kiribati 1,735 129 63 1,655 145 100 

Federated 
States of 
Micronesia 

3,009 148 54 3,585 163 75 

Vanuatu 3,174 20 17 3,102 25 65 

Solomon 
Islands 

1,939 19 14 2,344 24 70 

Papua New 
Guinea 

2,407 17 10 2,829 19 63 

aUnited Nations Statistics Division (2019) 
bUnited Nations, Department of Economic and Social Affairs, Population Division (2019) 
cTracking SDG 7: The Energy Progress Report (2021)

Global data gathered by the US Energy Information Administration show on 
average fossil fuels comprise 80% of country level electricity generation portfo-
lios in the Pacific region (US Energy Information Administration 2020b, 2020c). 
These data are shown in Table 7.2. According to the Asian Development Bank, the 
Cook Islands and Majuro, Marshall Islands are almost entirely diesel dependent for 
energy sources (Asian Development Bank 2019). According to a 2012 profile by the 
US National Renewable Energy Laboratory (NREL) of the 20.1 MW of nameplate 
capacity on the Federated States of Micronesia, diesel generators made up 18.6 MW 
of nameplate capacity (National Renewable Energy Laboratory 2016). In addition, 
a 2011 technical assessment conducted by NREL on Guam’s energy system found
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an almost 100% reliance on petroleum products to meet energy demands; further, 
52% of the petroleum products consumed (by volume) on island were consumed 
by the Guam Power Authority (Baring-Gould et al. 2011). As will be discussed 
later, the historic reliance on fossil fuels across the PICT region creates supply chain 
vulnerabilities with severe energy-water implications. 

The heavy dependance of many PICT nations on fossil fuels for the generation of 
electricity is shown in Table 7.2 (see also Chap. 3). Of the nations with available data, 
79% of generated electricity is generated from fossil fuel sources, with many being 
more than 95% dependent on fossil fuel for generation. Fiji is the outlier among the 
countries listed in Table 7.2 by generating 55% of electricity from renewable sources. 
While many PICT nations are listed in Table 7.2, source data only lists combustible 
fuels, hydropower, nuclear, and other sources as electricity sources, which provides 
a narrow view on electricity generation sources (United Nations 2020). Data avail-
ability has been documented as a limiting factor by regional energy system studies 
(Mishra et al. 2009; Lucas et al. 2017). However, the future of electricity generation 
will reduce fossil fuel dependence in electricity generation and shift to near-universal 
renewable energy development in the near future (Table 7.3). In many cases, the 
shift away from fossil fuels for electricity generation, which is an expensive fuel 
source, will positively impact Pacific region nations’ economies. In 2012, Tokelau 
began generating 150% of power demands from renewable energy sources, saving 
the island approximately $829,000 per year of fuel costs (Government of Tokelau 
n.d.; Wilson 2012).

7.2.2 The Water Intensity of Electricity Generation 

Fossil fuels are not only an expensive electricity generation fuel; they are also a highly 
water-intensive fuel source for generating kilowatt-hours. Between 2008–2012, the 
consumptive water use of electricity generation in Oceania (the Pacific Region) 
was 1,957 m3 per year (Mekonnen et al. 2015); nearly three fourths (1,405 m3 per 
year) of this water consumption occurred during the operational phase of electricity 
generation and the phase of electricity generation and the remainder (approx. 551 m3 

per year) occurred within the fuel supply chain. For this analysis, most of this water 
footprint (1,012 million m3 per year) was from hydropower generation (evaporation 
occurring at water impoundments), while 584 and 13 million m3 per year were 
consumed by coal lignite and oil generation, respectively (Mekonnen et al. 2015). 
However, this study takes a broad look at Oceania. The data is biased to countries for 
which data is available for in international data repositories, which may not account 
for diesel generators’ fuel supply chain and energy mix of smaller Pacific region 
nations. 

The reliance on diesel fuel for generation presents a challenge for traditional 
water-energy evaluations of the Pacific region’s electricity generation since diesel 
fuel is typically treated as a transportation fuel instead of a stationary energy fuel 
source. A study by Lampert et al. (2016), from Argonne National Laboratories in the
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Table 7.2 Fossil fuel dependence in electricity generation across the Pacific region 

Country Fossil fuel generation 
(2018, million kWh) 

Total electricity 
generation (2018, 
million kWh) 

Fossil fuel generation 
(%) 

American Samoa 163 168 97 

Cook Islands 31 41 76 

Federated States of 
Micronesia 

65 90 72 

Fiji 464 1,042 45 

French Polynesia 494 696 71 

Gaum 1,663 1,715 97 

Kiribati 27 31 87 

Marshall Islands 88 90 98 

Nauru 35 36 97 

New Caledonia 3,077 3,486 88 

Niue 3 4 75 

Northern Mariana 
Islands 

390 390 100 

Palau 95 95 100 

Papua New Guinea 3,180 4,482 71 

Samoa 90 154 58 

Solomon Islands 106 110 96 

Tokelaua – – – 

Tonga 64 68 94 

Tuvalu 6 8 75 

Vanuatu 62 80 78 

Wallis and Futuna 20 20 100 

Total 10,123 12,806 79 

Source United Nations (2020) 
aTokelau’s GHG emissions are tabulated as part of New Zealand’s GHG inventory (Ministry for 
the Environment, 2021) and has pledged to generate more renewable energy than is used on island 
(Government of Tokelau, n.d.)

United States, found that diesel production’s lifecycle water consumption is 5.97 L 
of water/L of diesel produced. In 2012, the Cook Islands spent USD 29.8 million on 
diesel fuel for electricity generation (Asian Development Bank 2019). During 2012, 
the average worldwide diesel price was USD 1.265 per L (World Bank 2020), which 
implies that the Cook Islands consumed approximately 23.56 million diesel L for 
electricity generation. Given the figures derived by Lampert et al. (2016), the Cook 
Islands electricity generation’s supply chain water consumption was 139,162 m3 or 
approximately 16 m3 per capita. Using the data from Table 7.2, diesel generation on 
the Cook Islands consumed approximately 4.48 L of water in its diesel supply chain
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Table 7.3 Pacific region 
nations’ renewable energy 
targets 

Country Renewable energy 
target (%) 

Renewable energy 
target year 

Federated States of 
Micronesia 

>30 2020 

Fiji 100 2030 

Kiribati 23–40 2025 

Marshall Islands 20 2020 

Nauru 50 2020 

Niue 80 2025 

Palau 45 2025 

Papua New Guinea 100 2030 

Samoa 100 2025 

Solomon Islands 79 2030 

Tonga 50 2020 

Tuvalu 100 2020 

Vanuatu 100 2030 

Note Adapted from Asian Development Bank (2019)

per kWh generated. Diesel fuel for electricity generation also poses risks for energy 
security with large, coastal storage facilities at risk from both severe storm damage 
and general age-related decay (Chaps. 10 and 12). 

However, what we can see in Table 7.2 is that the Cook Islands is just a small 
fraction of fossil fuel generation in the Pacific region. Excluding Australia and New 
Zealand, the Cook Islands make up less than 1% of fossil fuel generation (9 billion 
kWh) in the Pacific region. Assuming that most fossil fuel generation in the Pacific 
region, excluding Australia and New Zealand, comes from diesel, and extrapolating 
from the Cook Island example, the Pacific region consumes 39 million m3 of water in 
its diesel supply chain related to electricity generation. The climate policies (Table 
7.3) undertaken by the Pacific region countries have a dual impact. Not only will 
these policies reduce diesel consumption in the region by hundreds of millions of 
liters, but they will also lessen the region’s pressure on global water resources. 

7.3 Energy-For-Water in the Pacific Region 

For the Pacific region, the other half of the water-energy equation is understanding 
the energy-for-water relationship. Fundamentally, the amount of energy required 
to treat water depends on its source and its quality. Water sources with lower initial 
quality will require more treatment—a wider variety of technologies or more energy-
intensive processing—than water sources of higher initial quality. On the most 
energy-intensive end of this spectrum is seawater (Chap. 8). The desalination of
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seawater requires large amounts of energy, and the energy intensity of desalination 
increases with seawater salinity. 

However, for the Pacific region, the energy-for-water equation starts with the status 
of water systems. Piped water systems with centralized treatment are the most energy-
intensive water system. According to WHO, in 2015, only 20% of the Pacific region 
(excluding Australia and New Zealand) had access to piped drinking water directly 
on their premises; this is the lowest proportion for any region in the world (World 
Health Organization 2016). In total, 52% of people in the Pacific region have access 
to improved water systems, while the remaining 48% rely on surface water (34%) and 
other unimproved water sources (14%) (World Health Organization 2016). Access 
to piped drinking water into households varies widely across the Pacific region. Niue 
and Tuvalu have nearly universal access to piped drinking water into households at 
98% and 97%, respectively (World Health Organization 2016). On the low end of 
this spectrum, only 9% of the population of Papua New Guinea and only 3% of the 
population of the Marshall Islands have piped drinking water into households (World 
Health Organization 2016). It is important to note that the country-level statistics 
belie the drastic urban–rural divide between water access in the Pacific region. In all 
countries in the Pacific region, urban areas have greater access to improved water 
sources, including piped drinking water systems than rural areas. After factoring the 
urban/rural divide into these statistics, 67% of the Pacific region’s urban population 
has access to piped drinking water systems, while only 9% of the rural population 
access the equivalent water access (World Health Organization 2016). 

The energy-for-water question for the Pacific region is fundamentally a ques-
tion of water access (Chap. 2). Where populations are centralized (i.e., the urban 
areas), there is greater access to piped drinking water systems, the most energy-
intensive types of water systems. Where populations are dispersed across the Pacific 
region’s rural areas, there is little-to-no access to piped drinking water (Fig. 7.1). 
Except for the Marshall Islands, there is a tight relationship between a country’s 
electrification rate and the prevalence of piped water systems. Across the Pacific 
region, there is a statistically significant relationship between a country’s electrifi-
cation rate and the proportion of a country’s population served by a piped drinking 
water system. This pattern indicates that where electrification occurs across the PICT 
region, other infrastructure improvements follow, such as the development of piped 
drinking water infrastructure system, corroborating findings on rural electrification 
increasing the prevalence of household piped water systems (Grogan and Sadanand 
2013). For all countries (listed in Fig. 7.1), the relation has an R-squared of 0.54 
(p < 0.01); excluding the Marshall Islands from this analysis, the relationship becomes 
more significant (R-squared: 0.84; p < 0.01). This energy-for-water relationship in 
the Pacific region hinges upon a question of scale. An area’s population density 
must reach a critical point to make the economics of a piped drinking water system 
viable. The expansion of piped water across the Pacific region will be dependent on 
the progress of energy efficiency improvements to water treatment and distribution 
technologies.
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Fig. 7.1 Comparison of electrification rates and prevalence of piped water systems in the Pacific 
region. Electrification rate data sourced from Dornan (2014) and piped water system access data 
sources from World Health Organization (2016) 

7.4 Using the Water-Energy Equation to Understand 
Vulnerabilities at the Nexus 

Electrification through the development of diesel and fuel oil electricity generation 
assets has proven to be a scalable solution for PICTs (Table 7.1). However, the 
almost singular dependence on petroleum products for electricity generation creates 
systemic vulnerabilities at the nexus points between islanded energy system and 
water systems, and, moreover, all other critical infrastructure. Across PICTs, and 
much of the developing world, electrification has led to the investment and improve-
ment of piped water systems. However, these improvements are laden with embedded 
vulnerabilities. Energy systems that are highly dependent on petroleum products 
convey petroleum product dependence to the critical infrastructure systems depen-
dent on electrification for functionality. Therefore, and critically, the functioning 
of PICT water systems is intrinsically and wholly dependent on the functioning of 
petroleum product supply chains that facilitate the distribution and delivery of fuel 
across the region. Supply shocks to oil and petroleum products refining, price shocks, 
and disruptions to distribution systems—either through accidents, natural hazards 
(Chap. 10), or climate change (Chap. 5)—are also systemic vulnerabilities to PICT 
water systems. Furthermore, as the fuel inputs into the PICT energy systems are 
carbon intensive so too are the dependent water systems. Diversifying PICT energy 
portfolios to include greater levels of renewable energy sources not only makes 
these systems more resilient, but also lessens the climate burden of these systems. 
Further, due to the remoteness of some PICTs, the physical length of supply chain 
linkages becomes a critical system characteristic. Disruptions to PICT fuel distribu-
tion systems thousands of miles away through accidents, natural hazards, or climate
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change can present fundamental challenges to the functioning of energy systems, 
water systems, health, and human safety for PICTs. 

Here, we use a hypothetical PICT nation to illustrate this point. Like many PICT 
nations, our exemplar sources the majority of its petroleum products through Singa-
pore, but occasionally sources diesel and refined fuel from Japan and South Korea, 
and sometimes Malaysia and China. Given the remoteness of the island, diesel and 
refined fuel oil delivery usually takes around two weeks from the tanker leaving 
Singapore; the tanker journey time is longer if leaving from South Korea, Japan, or 
China. Due to the length of the delivery time, the PICT has developed on-island fuel 
reserves, which provide the island a 2–3 day buffer of fuel supplies if a delivery is 
delayed. The buffer includes a 2–3 day supply of fuel for electricity generation in 
addition to reserve fuel capacity for the piped water system. Altogether, the water 
system has 4–6 days of buffer capacity, and can remain operational even after the 
electricity system is no longer functioning. Nonetheless, long petroleum products 
supply chains create substantial risk for PICT water systems. 

Disruptions can occur anywhere along the delivery route, but the most tangible to 
envision are at the site of the distribution fuel terminals (e.g., Singapore, South Korea, 
or Japan) and the on-island fuel terminals at our exemplar PICT nation. Indirectly, 
the island’s energy, water, and other critical infrastructure system are dependent on 
the continued functioning of shipping lanes in the Strait of Malacca. A tanker acci-
dent in the Strait of Malacca that shuts down freight traffic for three weeks would 
be catastrophic to PICT nation fuel supply chains (ERIA 2016) necessitating for 
the reorganization of fuel supply chains to source new resources from other Pacific 
sources, for example, Japan, South Korea, New Zealand, or Australia. However, as 
Singapore is the major fuel supplier for the Pacific, numerous other countries are also 
reconfiguring their fuel supply chains, pushing refuel windows longer and longer. In 
this example, an incident in the Strait of Malacca supply chain reconfiguration could 
push the island beyond its fuel buffer window, leading to forced rationing in the form 
of scheduled brownouts/blackouts and the potential disruption to dependent infras-
tructure systems, like the island’s piped water system. Energy supply diversification 
through the development of on-island renewable sources provides our example PICT 
nation a source of electricity decorrelated from risks in crowded shipping lanes thou-
sands of miles away. The six-day blockage of the Panama Canal by the Ever Given 
container ship in March 2021 provided an example of how global supply chains can 
be suddenly and catastrophically disrupted. 

Typhoons pose multiple threats to the island’s energy and water. As fuel deliveries 
occur by tanker, the island’s main fuel terminals are located on a bay just outside the 
main city. Fuel is then distributed throughout the island by pipeline and truck. Wind 
damage from a major typhoon can cause damage to aboveground pipeline infras-
tructure or fuel racks (Guard et al. 2003). Similarly, storm surges and tsunamis can 
flood petroleum terminals and fuel racks, causing severe damages through multiple 
means such as crushing, tie down failures, and sliding (Naito et al. 2013). If these 
damages, were to result in fuel leakage and combustion, the fuel terminal could 
remain offline for an indefinite period of time and cause on-island and off-island 
damages. In 2003, Super Typhoon Pongsona passed over Guam, creating a fire at
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major terminal that lasted for five days, and disrupted gasoline distribution on-island 
and across Micronesia (Guard et al. 2003). The impact of Super Typhon Pongsona 
underscore lessons learned from other typhoons: pre-existing system dependencies 
and supply chain length matters and can negatively affect recovery time of energy 
and dependent systems (Palin 2018). 

7.5 Conclusions 

A reliance on fossil fuels, specifically diesel fuel, for electricity generation has created 
a significant water dependency across PICT energy supply chains. On average, 5.90 L 
of water is consumed to produce 1 L of diesel. For nations that consume tens of 
millions to hundreds of millions of diesel liters to produce electricity, the 5.9 × 
water multiplier in its diesel supply chain means that the region consumes millions 
of cubic meters of water to produce electricity annually. 

For the Pacific region, the energy-for-water relationship comes down to the funda-
mental differences between urban and rural communities and electricity access. 
According to WHO statistics, urban areas across the Pacific region are 7.4 times 
more likely to have access to piped drinking water systems. Piped water systems are 
energy-intensive, so there is a strong statistical relationship between a country’s elec-
trification rate and the proportion of the population served by piped water systems. 
There is no question that population density and energy intensity of piped water 
systems limit the expansion of these water systems across the region. Decentral-
ized approaches such as rainwater harvesting (Chap. 2) and small-scale solar set ups 
(Chap. 12) will need to play a role in securing water and energy in disparate and 
rural populations. 

The water intensity of the Pacific region’s electricity supply will decrease over the 
near future. Five Pacific region nations—Fiji, Papua New Guinea, Samoa, Tuvalu, 
and Vanuatu (Table 7.3)—have enacted climate policies to obtain electricity from 
100% renewable sources by 2030. Another four countries—Nauru, Niue, Solomon 
Islands, Tonga (Table 7.3)—have policies to generate more than 50% of electricity 
from renewable sources by 2030. The diversification of electricity sources across 
the Pacific region away from diesel will necessarily decrease the region’s electricity 
generation’s total water intensity. Governments and electric utilities can leverage 
renewable energy technologies to increase rural electrification rates (Mofor et al. 
2013). The statistically significant positive relationship between a PICT nation’s 
electrification rate and the prevalence of piped drinking water systems (Fig. 7.1) 
presented suggest that national strategies that pursue increasing electrification rates 
should have a spillover effect of increasing the prevalence of improved water sources 
and piped water systems. Therefore, PICT nations can pursue coordinated approaches 
that address the water-energy equation by taking a coupled approach to improving 
the status of their populations with respect to SDG 6 (“Ensure access to and sanitation 
for all”) and SDG 7 (“Ensure access to affordable, reliable, sustainable and modern 
energy for all”). As many PICT nations have aggressive renewable energy generation
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targets, a coupled approach to SDG 6 and SDG 7 can be achieved in a climate neutral 
manner, ensuring climate neutral energy and water development for disadvantaged 
populations. 

Finally, the systemic risks and vulnerabilities to PICT nations resulting from 
disruptions to petroleum products supply chains need to be addressed in a long-term 
vision to improve energy security in the face of both climate change and increasing 
human population pressures. Given the length of PICT petroleum products supply 
chains, a thin margin exists between a disruption being a transitory occurrence 
or precipitating a cascading failure across other critical infrastructure systems and 
sub-regional petroleum productions distribution systems. These supply chain risks 
coupled with the existential threat created by climate change demonstrates the funda-
mental importance of diversifying PICT energy supply chains. The renewable energy 
targets set by PICTs (Table 7.3) alleviate the systemic risks of relying on petroleum 
products for food, energy, and water provision. Renewable energy integration into 
PICT electricity systems and directly into water infrastructure systems decarbonizes 
and de-risks both islanded energy and water systems, creating systems that are more 
resilient (Weir and Kumar 2020) to severe weather (e.g., typhoons, tsunamis), non-
local disruptions (e.g., Strait of Malacca disruption, oil price shocks), and climate 
change. 
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Chapter 8 
Desalination in the Pacific 

Yingfei Huang, Conna Leslie-Keefe, and Greg Leslie 

Abstract Desalination has traditionally underpinned public water infrastructure in 
the Middle East and is now an important component of urban water supplies for 
communities in Asia, Southern Europe, the Americas, and Australia. However, the 
deployment of this technology in the Pacific at scale has mostly been used to support 
defense installations, mining operations, and tourist resorts. Drawing on data from 
more than 60 facilities, this chapter charts the use of seawater desalination as a 
source of freshwater in the Pacific. Beginning with the first installation of a multi-
stage flash distillation system in 1964 on Hao Atoll, French Polynesia, the chapter 
summarizes the features of the thermal distillation and reverse osmosis desalination 
systems deployed in Polynesia, Micronesia, and Melanesia, as well as the moti-
vation for the projects, institutional arrangements, and current operational status. 
At present, the utilization of desalination in the Pacific per capita is lower than 
other countries of comparable gross domestic product (GDP) and water vulnera-
bility as defined by the United Nations Environment Programme (UNEP). While 
non-government actors, including sovereign and international development banks 
have plans to develop desalination facilities, a variety of obstacles prevent the wider 
distribution of the benefits of this climate-resistant water source. The chapter exam-
ines the potential applications of desalination in enabling economic activity, reducing 
pressure on freshwater resources. 
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8.1 Introduction 

Desalination describes a variety of mechanisms used to produce potable water by 
removing dissolved solids and salts from raw water sources, which may include 
river water, seawater, brackish water, and wastewater (Australia National Water 
Commission 2008). Desalination plants are used to supply potable water to coastal 
communities and urban areas in over 40 countries and are the main source of potable 
for countries in the Arabian Gulf (Australia National Water Commission 2008). 
While the Pacific differs significantly in climate and weather patterns from the 
Arabian Gulf, limitations and obstacles to the reliable collection and distribution of 
potable water has necessitated the use of seawater desalination systems for defense, 
industrial, and commercial developments across Pacific Island Countries and Terri-
tories (PICT). The following chapter describes the technology used in desalination 
plants, the history of deployment in PICTs, features of selected applications across 
the three regional areas, and challenges in the use of desalination to enable economic 
activity and reduce pressure on freshwater resources. 

8.2 Overview of Desalination Technology 

8.2.1 Description 

The objective of the desalination process is to remove salts and other molecules that 
form the Total Dissolved Solids (TDS) content in untreated water sources to an upper 
limit of 1000 mg/L, which is the World Health Organization’s (WHO) acceptable 
limit for potable water (World Health Organization 2011). In seawater desalination 
plants, the TDS of the feedwater ranges from 33,000 to 45,000 mg/L depending 
on the location and is typically reduced to less than 500 mg/L for municipal water 
applications and less than 20 mg/L for industrial applications (Australia National 
Water Commission 2008). In municipal applications, the desalination process is 
followed by additional treatment, including chemical stabilization to adjust the TDS 
to match the local drinking water supply and prevent corrosion or damage to the 
distribution system and disinfection for pathogen control in the potable supply. 

The two main desalination processes used in PICTs include thermal distilla-
tion systems and the pressure driven reverse osmosis membrane systems (Australia 
National Water Commission 2008). Both processes are energy intensive and offer 
direct water-energy nexus interaction and trade-offs to be managed according to 
energy requirements and cost per liter of production considerations for water use. 
The following section describes the technical features of these systems, beginning 
with the thermal process which was first used in the Pacific prior to the widespread 
use of membrane systems in the 1970s.
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8.2.2 Thermal Desalination 

Thermal processes are the oldest form of desalination technology which separates 
based on differences in vapor pressure between water molecules and the dissolved 
salts (Australia National Water Commission 2008). Thermal energy is used to break 
hydrogen bonds between water molecules and effect a change of phase from the liquid 
to vapor state. Dissolved salts are retained in solution while the vapor is removed and 
then condensed with negligible levels of TDS (Australia National Water Commis-
sion 2008). Thermal desalination plants are typically co-located with power genera-
tion facilities and utilize the waste heat from the turbines (Australia National Water 
Commission 2008). However, in smaller application, diesel engines or mechanical 
compressors are used to generate the thermal energy. Consequently, the technology 
has been deployed at scales ranging from less than a megalitre per day (ML/d) to 
over 400 ML/d. Thermal desalination facilities were first utilized to deliver drinking 
water to metropolitan centers in the 1950s, and by the turn of the twenty-first century, 
they had processed 70% of worldwide desalted water capacity (Australia National 
Water Commission 2008). 

Thermal desalination systems used in PICTs include Multi-Stage Flash (MSF), 
distillation Multiple Effect Distillation (MED) and Mechanical Vapor Compression 
MVC. 

8.2.2.1 Multi-Stage Flash Desalination System 

Multi-Stage Flash (MSF) distillation uses a series of chambers operating at progres-
sively lower temperatures and pressures (Australia National Water Commission 
2008). Each chamber has three sections (Fig. 8.1a): a bottom where seawater is 
heated and forced to flash into steam; a top section containing a bundle of the tube 
heat exchangers where the vapor collects and condenses; and a middle a distillate 
collection chamber, located directly below the heat exchangers (Australia National 
Water Commission 2008).

Seawater enters the system through the heat exchangers in the last chamber and 
is progressively heated by the hot vapor before the temperature is boosted by the 
external source to achieve the final top brine temperature (TBT), typically 90 °C to 
115 °C. High temperature and low-pressure force the brine water to boil violently 
and is instantly vaporized into steam, which rises rapidly to the top of the chamber. 
It passes through demister pads to remove entrained brine, and then is condensed on 
the outer surface of the tube heat exchanger and flows in the opposite direction via 
the collection trough (Australia National Water Commission 2008). 

The first desalination systems installed in the Pacific in the 1960s used MSF 
technology. The equipment was supplied as skid-mounted, self-contained systems 
that were easily transported, and installed on concrete pads or plinths to minimize 
construction costs (Fig. 8.2). MSF can operate as a “once-through” process which 
discharges brine directly into the ocean, or include additional recirculation pumps,
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Fig. 8.1 (a) Multi-stage flash distillation, (b) multi-effect distillation and (c) reverse osmosis 
membrane system

to recycle and reprocess the brine which reduces consumption of antiscalant and 
anti-foaming agents, thereby reducing operational costs (Australia National Water 
Commission 2008).
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Fig. 8.2 An 817 m3/d flash evaporator c.1970 (© Tom Pankratz) 

8.2.2.2 Multiple Effect Distillation Desalination System 

Multiple effect distillation (MED) also use a series of chambers divided into three 
sections, however, unlike MSF, evaporation occurs when a seawater film meets the 
heat transfer surface, and “flashes” in each chamber to form the vapor (Australia 
National Water Commission 2008; Nannarone et al. 2017) (Fig. 8.1b). The objec-
tive of having several chambers at lower pressures is to enhance energy recovery 
in the vaporization condensation cycle and take advantage of the decreased heat 
needs for vaporization. The use of Thermal Vapor Compression (TVC) can increase 
the velocity of the steam flowing on the interior of the tube, as an alternative to 
increasing the surface area of the heat exchanger to improve the heat transfer effi-
ciency (Nannarone et al. 2017). The inclusion of TVC increases the mechanical 
complexity of the distillation plant but decreases the size and improves efficiency. 
Like MSF, MED systems are modular and have been installed in offshore operations 
(Fig. 8.3) and were widely used in the Caribbean in applications similar to those in 
PICTs (Figs. 8.4, 8.5, 8.6, 8.7 and 8.8).

8.2.2.3 Mechanical Vapour Compression Desalination Systems 

Mechanical Vapour Compression (MVC) distillation is a technique using mechanical 
energy as the main driving force instead of steam as the primary source of thermal 
energy (Tleimat 2010).
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Fig. 8.3 A 768 m3/d offshore MED-TVC c.2000s (© Tom Pankratz) 

Fig. 8.4 A Caribbean MED (no TVC) c.1986 (© Tom Pankratz)

MVC evaporator-condensers progressively increase the temperature of seawater 
through a series of tubular heat exchangers until water vapor condenses on the upper 
surface of the tube which cause seawater on the other side of the tube to evapo-
rate which allows water vapor in the tube to condense as permeate. The smallest 
MVC systems are generally single effect units that operate at a temperature of 
102 °C and pressure slightly above the atmospheric pressure (Australia National 
Water Commission 2008).
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Fig. 8.5 A Caribbean MED-TVC c.1971 (© Tom Pankratz) 

Fig. 8.6 A Caribbean MVC 
in 1960s–1990s (© Tom 
Pankratz)
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Fig. 8.7 An island/offshore MVC c.1985 (© Tom Pankratz) 

Fig. 8.8 A larger Caribbean MVC c.1985 (© Tom Pankratz)

8.2.2.4 Reverse Osmosis 

Reverse osmosis (RO) is a member of the family of pressure driven, liquid phase 
membrane separation processes. Mechanical energy supplied by a pump raises 
the feed pressure above the osmotic pressure of the seawater which moves water
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molecules across a semipermeable polymeric membrane at a faster rate than the 
dissolved salts (Truby 2008). In a RO system, the flow of feedwater across the 
membrane surface is tangential to the flow of product water (permeate) which passes 
across the membrane (Fig. 8.1c). Unlike thermal processes that produce near distilled 
quality water, the separation efficiency and product water quality of the RO process 
depends on the type of membrane, the concentration of salts in the feedwater, and the 
permeate flow rate. The ratio of the feedwater flow to the permeate flow is referred 
to as the process recovery. Increasing the recovery increases the concentration in 
the feedwater and the osmotic pressure, which decreases the net pressure driving 
and decreases permeate flowrate. The optimum recovery rate for RO in seawater 
desalination applications ranges from 40 to 50%. RO membranes are cast as flat 
sheets that are sandwiched between a mesh feed spacer on the top and a woven 
permeate spacer on the bottom. The membrane sheets are assembled into a spiral 
wound configuration with sealed edges to separate the feed and permeate channels. 
Spiral wound elements are arranged in series inside pressure vessels. The inlet of 
the pressure vessel is connected to the discharge of the high-pressure pump, with 
two outlets at the end of the pressure vessel to collect concentrate salt stream (brine) 
and the permeate stream. Pressure vessels used in seawater desalination applications 
typically contain between six and eight elements. 

Reverse osmosis plants, unlike thermal desalination plants, require a pretreatment 
step to remove material from the feedwater that can block the feedwater channels 
and foul the membrane surface. The feedwater channels in spiral wound membranes 
range from 0.07 to 0.08 mm, therefore a filtration step using granular media or 
membrane filtration is required to remove fine particles. Chemical addition is also 
required to prevent inorganic scale formation on the membrane and periodic chemical 
cleaning is required to restore membrane permeability. Consequently, while RO 
is at least four times more energy efficient than thermal processes, the processes 
have higher consumable costs (membranes and chemicals) (Australia National Water 
Commission 2008). Notwithstanding this, RO has replaced thermal processes as the 
preferred technology for seawater desalination in PICTs due to the simplicity of 
design and operation and the lower capital costs. 

8.3 History of Desalination in the Pacific 

The following section was based on analysis of a database of desalination plants 
produced by global water intelligence. The database was accessed with license in 
2020 and contained information of the year of construction, location, capacity, and 
technology of the desalination plants in the Pacific (Global Water Intelligence Desali-
nation Database 2020). The information was analyzed by geographic regions and 
communities.
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8.3.1 Polynesia 

Modern desalination plants were first deployed in Polynesian countries with use in 
military, industrial, and commercial applications. Deployment of the technology can 
be divided into three waves: 1966–1968, 1983–1998, and 2016–2017 (Global Water 
Intelligence Desalination Database 2020). In 1965 the first MSF plant was installed 
on Hao Atoll by the French military, followed by the installation of an additional 
15 thermal desalination plants on Hao and Mururoa Atolls. Overall, the cumulative 
thermal desalination capacity installed in Polynesia was approximately 8600 m3/day 
with plant capacities ranged from 121 m3/day to 1200 m3/day (Table 8.1; Fig.  8.9). 
Commencing in 1968, 13 MSF facilities were constructed over seven years to produce 
industrial grade (TSD < 10 ppm) water (Global Water Intelligence Desalination 
Database 2020). These facilities were built to support the French military base on 
Hao Atoll, housing personnel working on the nuclear test program on Mururoa Atoll. 
When atomic testing ceased in 1996, and French military activity in the area came 
to an end in 1998, the region saw a new wave of RO desalination projects to supply 
drinking water to tourist facilities (Global Water Intelligence Desalination Database 
2020). By 2020 the total cumulative capacity of RO plants was 650 m3/day and 
ranged from 0.65 m3/day and 200 m3/day respectively. A municipal level drinking 
water facility was built in Rangiroa, French Polynesia in 1998, and was able to 
conveniently supply the nearby Hotel Kia Ora Resort. The first desalination facility 
exclusively supplying tourist facilities in Polynesia was operational in Tahiti in 2008 
(Global Water Intelligence Desalination Database 2020).

8.3.2 Micronesia 

The first Micronesian desalination facility was a 114 m3/day MED plant built in 1973 
on Saipan, Northern Mariana Islands for a resort (Table 8.1; Fig.  8.9). 

Additional plants were installed in two waves between 1990 to 2017. A total 
of 32 RO desalination plants were established, mainly in Northern Mariana Island 
and Tuvalu, with a total aggregated capacity of 9970 m3/day. Plants ranged in 
size from 10 m3/day to 1600 m3/day (Global Water Intelligence Desalination 
Database 2020). The market for desalination in Micronesia has been driven by the 
tourism sector, including several championship golf courses, with the exception of a 
1200 m3/day MED plant installed in 1993 for industrial applications. Facilities on 
the island used predominantly seawater as their feedwater, though some facilities 
made use of brackish and inland water sources. Municipal drinking water facilities 
were also installed in 1995 and 2001 on Saipan, and on Rota Island in 1995, but the 
tourism industry remains the dominant consumer of desalinated water in the Northern 
Mariana Islands where the largest plant has three times the capacity of the municipal 
plant. In addition to plants in the Northern Mariana Islands, a dedicated membrane
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Table 8.1 Summary of desalination plant installation history in Polynesia, Micronesia, and 
Melanesia located in Pacific Region with data accessed from DesalData 

Region Polynesia Micronesia Melanesia 

First plant 

Year of installation 1965 1973 1990 

Location Hao, 
Tuamotu Archipelago 

Saipan, 
Northern Mariana 
Islands 

Mamanuca Island, 
Fiji 

Application Military support Tourism Tourism 

Technology MSF MED RO 

Capacity (m3/d) 165 114 50 

Total plants 

Installations—Total 22 34 21 

Applications—Total Municipal drinking 
water (11) 
Industry (9) 
Tourism (1) 

Municipal drinking 
water (15) 
Tourism (14) 
Emergency (3) 

Tourism (10) 
Municipal (8) 
Industry (3) 

Thermal desalination 

Installations 16 2 0 

Total capacity (m3/d) 8600 1314 -

Max. Capacity (m3/d) 1200 1200 -

Min. Capacity (m3/d) 121 114 -

Active Plants 0 0 -

RO 

Installations 6 32 21 

Total capacity (m3/d) 5500 9970 7150 

Max. capacity (m3/d) 200 1600 100 

Min. capacity (m3/d) 0.65 10 2.5 

Active plants 6 28 19 

Database with license 
(Global Water 
Intelligence Desalination 
Database 2020)

desalination facility supplying drinking water to tourist facilities was installed in 
1999 in Kiribati (Fraser Thomas Partners 2012). 

Desalination projects at the municipal level outside the Northern Mariana Island 
can be found in Nauru and Palau. The Aiwo District of Nauru installed a MED 
thermal desalination facility in 1993, the largest plant ever installed in the region, 
to supply municipal drinking water, while in 2016 a municipal desalination facility 
was installed to supplement rainfall and groundwater, the island’s other sources of 
drinking water (SOPAC Water and Sanitation Programme 2018).
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Fig. 8.9 Total cumulative desalination plant capacity in Polynesia, Micronesia, and Melanesia 
with data accessed from DesalData Database with license (Global Water Intelligence Desalination 
Database 2020)

The Marshall Islands are located near the equator in the Pacific Ocean, part of a 
larger group of islands in Micronesia. It is the most densely populated island in the 
Pacific Ocean and is almost entirely dependent on desalinated seawater to meet its 
freshwater demands. Kili, Utrik, and Ebeye, located on Marshall Island, installed RO 
membrane desalination systems in 2014 and 2017, to provide residents with a stable 
and sufficient source of freshwater (SOPAC Water and Sanitation Programme 2018). 
Prior to the installation of the facility, residents of the site suffered not only from 
drought but also from groundwater contamination. The entire plant can be powered 
by wind and solar energy, saving tens of thousands of dollars in fuel costs each year 
(Fraser Thomas Partners 2012). In addition, with increasingly expensive fuel and 
unreliable supplies caused by seasonally choppy seas, the alternative energy power 
system ensures a continuous, affordable supply of water.
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8.3.3 Melanesia 

Installations of desalination facilities in Melanesia began relatively late compared to 
Polynesia or Micronesia. The region’s facilities have exclusively employed RO. The 
first facility had a capacity of 50 m3/day and was installed on Castaway Island in 
Fiji in the late 1980s. By 2020 the total capacity was estimated to be 7150 m3/day. 
The largest installation is a RO plant with a capacity of 4000 m3/day installed in an 
industrial application in Papua New Guinea (PNG), The plant was installed in 2011 
following work by the Government of Papua New Guinea. Since the 1990s, several 
oil and gas companies have studied the feasibility of developing a natural gas plant 
in the country to commercialize natural gas resources for export as liquified natural 
gas (LNG) to customers around the world (Global Water Intelligence Desalination 
Database 2020). The RO desalination plants established at the site are for industrial 
use for the PNG LNG project awarded by the Chiyoda and JGC joint venture. The 
smallest desalination plant in the region is a plant with a capacity of 2.5 m3/day in a 
hospital in the Solomon Islands. The plants were installed in 2017 and 2019 at the 
Youth With A Mission (YWAM) training center in Samarae Maternal Clinic and a 
hospital in Honiara. They use solar-powered desalination units, aiming to provide 
adequate freshwater resources for residents, patients, fishermen, staff, and clinical 
use (Pacific Island Forum Secretariat 2018). 

Other facilities in Melanesia are in Fiji and Vanuatu. Fiji has established total 15 
desalination plants, accounting for approximately 70% of all desalination plants in 
Melanesia. Tourism represents around 40% of Fiji’s GDP in a given year. The nation’s 
dependence on the industry is reflected in the number of desalination facilities 
dedicated to drinking water for tourist facilities (Weber 2007). 

In Vanuatu, a 96 m3/day desalination plant was installed on Ambae Island at 
the Lolowai Medical Center in 2013 to supplement the island’s water supply (Global 
Water Intelligence Desalination Database 2020). The plant is also designed to provide 
water to more than 10,000 people on the island in case of an emergency. Due to the 
high cost of fuel and logistical difficulties, the RO plant was installed with a solar 
power system to save fuel. 

8.4 Desalination as a Driver of Economic Development 

The availability of reliable fresh water is essential for developing economies (Davies 
and Mirti 2005). This section considers examples of initiatives to expand economic 
activity and the attendant need for desalination to supplement available water 
supplies.
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8.4.1 Nauru 

The Republic of Nauru (area 22 km2) is an isolated, elevated limestone island located 
41 km south of the equator (South Pacific Applied Geoscience Commission 2007). 

Nauru’s economic income has traditionally come from phosphate exports, but 
reserves are expected to be depleted within a few years (South Pacific Applied 
Geoscience Commission 2007). Nauru has virtually no agriculture and no tourism-
related economic income. Phosphate mining, which used to be the main economic 
activity, has turned central Nauru into a wasteland because of over-intensive excava-
tion (South Pacific Applied Geoscience Commission 2007). Because the mined land 
is now unusable, rehabilitation of the mines and alternative income from phosphate, 
as well as adaptation to climate change, are challenges for the sustainable develop-
ment of their country. Nauru plans to rehabilitate land that was mined and repurpose 
it for agricultural use over the next 20 to 30 years (South Pacific Applied Geoscience 
Commission 2007). This could provide Nauruan with fresh fruits and vegetables, 
which are generally in short supply, and ensure national food security (Chap. 4). 
There will be greater demand for water for agriculture, which will involve a very 
high demand for groundwater resources. The use of alternative water sources, such 
as desalinated seawater for irrigation, could allow the region to maintain adequate 
water supply needs during drought conditions. 

The main water sources include rainwater, shallow groundwater, imported water, 
and desalinated water (South Pacific Applied Geoscience Commission 2007). Potable 
water is collected in rainwater tanks on the roofs of residential and commercial build-
ings, while non-potable water is obtained from boreholes in the homes of island resi-
dents. Shallow groundwater is the primary aquifer between rainy seasons. However, 
seawater ingress due to over-pumping, coupled with the percolation of wastewater 
from homes, stores, and commercial buildings is having an adverse effect on water 
quality (SOPAC Water and Sanitation Programme 2018). 

There is one large evaporative desalination plant and four small RO desalination 
plants on the island. A large desalination plant previously built on the island, which 
could use waste heat from power generation for desalination, was commissioned in 
1992 (South Pacific Applied Geoscience Commission 2007). However, due to the 
age of the generators, they operate at less than maximum capacity, resulting in a 
lower waste heat output, causing a decrease in desalination capacity. According to 
the statistics, just 3% of the possible output was supplied to customers in 2005/2006 
owing to a scarcity of water tankers (South Pacific Applied Geoscience Commission 
2007). 

To address the high energy demand of desalination plants, the use of renewable 
energy is a viable option. Nauru supplied and installed a grid-connected solar power 
system and a reverse osmosis plant in 2013, providing a daily treatment capacity of 
100 m3 of water (Pacific Island Forum Secretariat 2018). Not only are the operation 
and maintenance costs low, but the performance and energy efficiency are also high.
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8.4.2 Kiribati 

The Republic of Kiribati is a tropical atoll nation located between the central and 
western Pacific Ocean and consists of 32 low-lying coral islands and three main 
islands (Fraser Thomas Partners 2012). 

Kiribati’s income is derived from agriculture, industry, fishing, and foreign 
exchange, with relatively little tourism (Fraser Thomas Partners 2012). The country’s 
export revenue comes from the sale of fishing rights in its vast national waters, exports 
of copra and seaweed, and remittances from overseas Kiribati. Overseas revenue also 
comes from the sale of fishing licenses to other countries (Fraser Thomas Partners 
2012). 

Kiribati has no perennial surface water flow, and its water resources are limited to 
shallow unconfined groundwater, rainwater, imported water, or desalinated seawater. 
Rainfall is closely related to the location of the Pacific warm pool which is controlled 
by the seasonal movements and annual variations of the Intertropical Convergence 
Zone and the Equatorial Low-Pressure Zone (Fraser Thomas Partners 2012). The 
country’s average annual rainfall ranges from 1,300 mm south of the equator to 
2,000 mm in Tarawa, with the northernmost islands exceeding 3,200 mm, while 
the eastern Lain Islands, Kiritimati averages less than 1,000 mm per year (Fraser 
Thomas Partners 2012). Kiribati has been using rainwater harvesting techniques for 
many years, but it is seen as a supplementary water source at best. Shallow fresh 
groundwater is highly susceptible to natural and anthropogenic changes (Chap. 2) 
and is more susceptible to rainfall variability and over-extraction. Storm surges, 
droughts, and overexploitation lead to seawater intrusion (Chap. 10). 

Five desalination plants have been established in Kiribati over the past seven years 
in communities that are entirely reliant on rainwater harvesting due to the absence of 
surface water or the high salinity of groundwater. These desalination plants require 
a reliable power supply and on-going maintenance which is difficult to sustain in 
small, isolated rural island communities. Consequently, only one desalination plant 
is partially operational on Barnabas Island (Fraser Thomas Partners 2012). 

The capital of Kiribati, South Tarawa, located on Tarawa Atoll in the Gilbert 
Islands has a population of 62,000 residents (43.5% of the population) of South 
Tarawa (Fraser Thomas Partners 2012). South Tarawa rely on rainwater as a primary 
supply use saline or contaminated groundwater as a reserve water source. 

On November 19, 2020, a grant agreement of nearly $42 million was signed to 
help improve the water supply for the people of South Tarawa (Asian Development 
Bank 2020). The project addresses the issue of waterborne diseases by providing 
new, climate-resilient water supply infrastructure including a desalination plant with 
a maximum capacity of 6000 m3/day, along with water, sanitation, and hygiene 
awareness programs. The construction of a solar desalination plant will be central 
to making South Tarawa’s water supply more resilient to climate change (Asian 
Development Bank 2020).
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The most significant impacts of the project will be health benefits and the expected 
decrease in infant mortality due to diarrheal disease. The installation of solar photo-
voltaic cells will provide a steady supply of water to customers and will create a 
network of reliable and dependable sources of drinking water (Pacific Island Forum 
Secretariat 2018). Solar energy will also help to minimize greenhouse gas emissions 
by generating energy using renewable energy sources rather than burning fossil fuels. 
Indirect greenhouse gas reductions will also be achieved by providing uncontami-
nated, high-quality water, which will ultimately reduce the need to burn fossil fuels 
to produce water that boils to make it suitable for energy consumption. Rehabilitation 
of the existing water supply network will reduce the level of non-revenue water use 
and improve the performance of the pumping system. This has an indirect positive 
impact by reducing the amount of energy needed to produce and deliver water to all 
customers. 

8.4.3 Uleveu Island—Vanuatu 

The Republic of Vanuatu is located in the Western Pacific Ocean and its islands are 
formed by raised limestone and volcanoes. The population is approximately 200,000, 
80% of which is still rural. The main economic sources of this country are agriculture, 
fishing, forestry, and tourism. Agriculture products, particularly fruit, cocoa, coffee, 
and dried coconuts, are the main economic exports, while tourism is second only to 
agriculture in importance to the country’s economy. Tourism is concentrated in Port 
Vila and some of the outer islands (Nath et al. 2006a). 

In urban areas of Vanuatu, the main water resource is groundwater, while in rural 
areas, sources can be wells, springs, rivers, and rainwater. Average rainfall in the 
area varies from 4000 mm per year in the north to 1500 mm per year in the southern 
islands (Nath et al. 2006a). The rainy season is from January to March and the rest of 
the year is the dry season. Rivers and streams are common on the larger islands, but 
their flow is also seasonal. In addition, the quality of surface water is often polluted 
from upstream sources (Nath et al. 2006a). 

While urban water quality is generally good in Port Vila and Luganville, in rural 
areas most water supply comes from surface water, rainwater, and groundwater. Also, 
in most places outside of the major urban centers, water supply systems are either 
poor or non-existent, for example, the island of Uleu, located within the Vanuatu 
archipelago, with a population of over 1800 people (Vanuatu’s National Advisory 
Board on Climate Change and Disaster Risk reduction 2012). Contamination of 
drinking water is primarily bacterial, usually by bacteria from human or animal 
excrement (Nath et al. 2006a). 

In 2012, a solar solution was proposed that was suitable for powering a desalination 
plant located near the Sangali School on the north side of Uleu Island (Vanuatu’s 
National Advisory Board on Climate Change and Disaster Risk reduction 2012). 
The system is designed to provide up to 3000 L of water per day during the dry 
season. With the addition of the water storage facility, the new system can provide
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4 L of water to each of the 1500 residents (Vanuatu’s National Advisory Board on 
Climate Change and Disaster Risk reduction 2012). The solar panels that drive the 
desalination system generate excess solar energy that can be used to make ice, as a 
secondary product to fund plant maintenance, which is used to keep the fish in the 
market cool and extend the fishing time by a few days. 

8.5 Barriers to Development and Future Projections 

Desalination has the potential to supplement water supplies across Polynesia, 
Micronesia, and Melanesia. While the challenges around desalination in larger 
urban centers are well understood, deployment of the technology at the local 
scale will require co-development of energy supplies, water distribution infras-
tructure, capacity, and training. More importantly, the solutions must be linked to 
broader community development including economic activity, The following section 
considers the barriers that must be overcome for wider use of desalination. 

8.5.1 Energy 

Seawater desalination is energy intensive, typically requiring a minimum of 
3.5 kwh/m3 of water produced (Garcı́a-Rodrı́guez 2003). The power required by large 
desalination plants may be offset by the installation of renewable power; however, 
continuous operation requires connection to a stable, grid supplied power source. 
However, in small applications, particularly for plants operating below 10–50 m3/day 
a few types of renewable desalination systems have been implemented and piloted 
in the Pacific. The outcome of the pilot studies was to reduce technical risks that 
have historically limited continuity of power supply and thus availability of treat-
ment capacity which is needed to improve commercial viability (Davies and Mirti 
2005). The following section considers four sources of renewable energy that can be 
used to directly power desalination plants in the Pacific. 

Concentrated solar power (CSP) cogeneration is a technology that uses solar 
irradiation to generate thermal energy for use in turbines to generate electricity. CSP 
stores heat at a relatively low cost and maintains the plant in operation during evening 
peak load hours, which is one of its main advantages. When used in conjunction with 
a desalination system, heat from the CSP unit can be ejected from the low-pressure 
turbine and delivered to the brine heater instead of being expanded in a further 
low-pressure turbine (International Renewable Energy Agency 2015). 

Photovoltaic (PV) technology converts solar radiation directly into electricity 
with PV cells made of semiconductor materials, through which an electric current 
is generated when exposed to the sun. As the temperature increases, the efficiency 
of PV cells decreases, so dense PV systems require active cell cooling. This heat 
can be used for different purposes. Considering the electrical and thermal output,
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the overall efficiency can be around 80%. Photovoltaic systems can be directly inte-
grated RO systems; however, the capacity is limited (typically less than 10 m3/day) 
(International Renewable Energy Agency 2015). 

Wind energy is usually converted directly into mechanical energy, and it can be 
mechanically combined with a desalination system such as RO. To accommodate 
wind fluctuations, electrical or mechanical energy storage can be integrated into a 
wind desalination system using flywheels, for example. Wind energy is a proven tech-
nology that has proven to be economically viable in combination with desalination 
systems (Garcı́a-Rodrı́guez 2003). 

Tidal energy captured from rising and falling tides is converted into electricity 
by turbines connected to generators. However, because almost all ocean energy 
technology systems are in the pilot plant or prototype stage, the technology is not 
yet mature or economically competitive. The lesser-known Ocean Thermal Energy 
Conversion (OTEC) is the most promising ocean energy extraction method for 
desalination energy needs (International Renewable Energy Agency 2015). As it 
is developed and costs are low, it may attract more attention in the coming years. 

8.5.2 Water Distribution and Transport 

Currently, there are still barriers to water transport in PICTs. In Nauru, for example, 
the water network serves only a very small area and both the pipeline network and 
storage tanks have seen continued deterioration and lack of maintenance. Conse-
quently, water produced by desalination plants is usually transported by water tanker 
trucks to individual homes and other storage tanks. However, due to the lack of 
tanker trucks, only a small percentage of their output is delivered to consumers 
(South Pacific Applied Geoscience Commission 2007). 

In order to improve the water supply structure on the islands, the aging water 
pipeline network needs to be repaired or replaced. It is also necessary to expand the 
service area of the network so that the rural population also has access to fresh and 
safe water through the piped water network. Additional tanker trucks for water on the 
island are needed after the installation of desalination facilities to transport the actual 
amount of water produced to consumers and increase market demand and supply. 

8.5.3 Human Skills and Capacity 

Each island has a different infrastructure capacity and labor market capacity, which 
means that desalination projects need to be set up on an island-by-island basis. 
Low construction capacity and lack of labor can lead to failure in setting up projects, 
making the already high initial investment a significant barrier for economies without 
the necessary financial means. This means that staff recruitment and training are 
factors that affect the continued deployment of renewable desalination. Advances in
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desalination technology are unlikely to be achieved through breakthrough technolog-
ical pathways at this time; instead, their operational and economic efficiency will be 
improved through multidisciplinary optimization and capacity building (Nath et al. 
2006b). 

Training for construction and ongoing operation and maintenance of desalina-
tion systems can be conducted at universities or central training institutions through 
local workshops. Consideration must be made where a lack of basic education of the 
staff to be trained exists and where English is not a first language. These must be 
addressed through country-tailored training programs that include hands-on expe-
rience and workshops, and the use of training materials and languages appropriate 
to the competencies and educational background of the personnel concerned (Nath 
et al. 2006b). 

8.5.4 Economic Factors 

Desalination systems require a significant capital investment, typically $3–4/L of 
installed treatment capacity. The decision to invest must be supported at the political 
level and have sufficient administrative resources to ensure that the plants operate at 
capacity over the life of the asset. According to the World Health Organization, an 
investment of $1 in water supply and sanitation yields a return of $2.80 in developed 
countries and $6 in developing countries (International Renewable Energy Agency 
2015). The decision to invest in desalination plants over alternative options for the 
development of reliable water supplies cannot proceed without ensuring reliable 
energy supplies. As the cost of fossil energy increases, and the cost of renewable 
energy and desalination technology decreases, the economic return on investment 
in renewable desalination on islands is likely to rise. The main cost of deploying 
renewable desalination on small islands is due to energy storage, compared to islands 
with large grids that use traditional desalination methods. Unless the cost of energy 
storage decreases significantly in the future (Chaps. 12 and 18), the cost competi-
tiveness of renewable desalination will remain weaker than the cost of freshwater 
production with conventional water supply infrastructure (International Renewable 
Energy Agency 2015). 

8.6 Conclusion 

Historically, the development of desalination systems in the Pacific has been tied 
to military, industrial, and tourism projects. Most plants in the Pacific use reverse 
osmosis, which is a mature technology, but requires reliable supplies of power and 
is attended by ongoing operating and maintenance costs. Consequently, the devel-
opment of desalination as a supply of municipal water has most utility in the capital
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cities and major population centers when linked to the development of other infras-
tructure. In rural areas, desalination systems linked to solar and renewable energy 
are emerging; however, the scale is not suitable to address water supply for food 
security. 
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Chapter 9 
Towards a Circular Logistics 
Partnership: Regional Trade, Waste, 
and Inter-Sectoral Cooperation 

Simon Bennett, Anthony Talouli, and Vinayak V. Dixit 

How Governance, Science and Business are successfully 
working together to reduce the build-up of waste and 
no-longer-wanted goods in the Pacific Islands Countries and 
Territories. 

Abstract Trade in the Pacific connects economies and communities, but also relies 
on profitmaking transactions. An outcome of this is that waste and no-longer-wanted 
goods build up on island nations and if not properly managed are directly detrimental 
to water resources and communities, and indirectly to tourism-driven revenue, upon 
which many Pacific Island Countries and Territories (PICT) depend. The logistics 
of distances exacerbates these issues. Careful analysis and leveraging slacks in the 
logistics systems helps not only improve economic efficiencies through recycling, 
but also reduce in situ waste streams. However, implementation of a circular logis-
tics system requires strong partnerships between Governance, Science and Business 
working together. This chapter details a case study in the PICT to load empty ship-
ping containers with refuse for recycling when they are relocated back to the Pacific 
Rim for reloading with more finished goods for import to PICT. Building on the 
above, a proposed project to manage the disposal of the increasing numbers of end-
of-life vehicles, batteries, and other light grade metals in the Pacific will also be 
described. This is notwithstanding that the preferred method of avoiding disposal by 
abandonment is to legislate for Extended Producer Responsibility (through extended 
Advanced Disposal Fee (ADF) schemes) to engineer the issue away at source.
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9.1 Introduction 

The Pacific Island Countries and Territories (PICT) are responsible for managing 
~10% of the world’s oceans, including a third of the Pacific Ocean. The logistics of 
distance and the lack of economies of scale, are compounding the issues of waste 
management in the PICT, wherein the wastes streams generated are beyond their 
capacity to manage. This is particularly more prominent in the case of plastics from 
packaging and/or designed as single use. 

A large majority of the PICT (Fig. 9.1) are too small (in area or population) to 
justify financially viable recycling plants. The waste streams are often dumped in 
official, or unofficial, landfill dumping sites. However, the broader issue arises from 
the impact on the ecology and the changing climate (Chap. 5). The wastes are blown 
into the surrounding seas by extreme weather, such as storms and cyclones (which 
now occur in increasing and changing energy and frequency) that pass through the 
Pacific Islands. Wastes are then ingested by the marine life that the islanders rely on 
to survive and makes its way up the food chain to the Pacific Islanders. Recent studies 
show that microplastics have entered human digestive systems, and nanoplastics have 
entered the human blood system.

There are competent, licenced recycling plants around the Pacific Rim. But the 
small scale and low value of the waste streams in situ means that once all the additional 
costs of shipping to the Pacific Rim are factored in, it becomes a loss-making venture 
to send the waste to responsible recycling facilities (Chap. 10). Consequently, the 
waste remains on the PICT and: 

(a) Degrades the environment visually, reducing the tourism value. 
(b) May leach toxic chemicals into the marine and land environment, harming the 

people, flora and fauna locally. 
(c) Occupies often scarce land, that could have been better used for agriculture or 

for other economic production. 

On realizing that Swire Shipping (formally The China Navigation Company 
[CNCo], which changed name to Swire Shipping Pte. Ltd. [SSL] on the 15th October 
2021) (SWIRECNCO 2022) was contributing to the problem by transporting finished, 
packaged goods into PICT, Swire Shipping took the initiative in collaboration with 
the Secretariat of the Pacific Regional Environment Programme (SPREP) (SPREP 
2022) to help resolve the issue. SPREP is the regional organization responsible for 
protecting and managing the environment and natural resources of the Pacific Island 
states. After significant analysis of the entire logistics systems, SSL determined that 
as it was repositioning the unloaded, empty containers back to the Pacific Rim (to 
reload more finished goods), it could also be a part of the solution by shipping waste
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Fig. 9.1 Pacific regional map, adapted from UN Geospatial (2023)

that was collecting in the PICT back out to responsible, competent, licenced recycling 
plants. This realization led to the Moana Taka Partnership (Moana Taka Partnerships 
2022). 

Though there have been research studies in waste logistics for food rescue (Nair 
et al. 2016, 2017a, 2017b), no such research papers were found with respect to 
maritime waste logistics. Therefore, careful analysis of such case studies is particu-
larly important. A particular barrier in PICT is the availability of data. Despite this, 
the systematic approach to leverage existing logistics operations towards improving 
sustainability is an important case study, that cannot only potentially secure other 
logistics operations in PICT towards similar goals, but also more broadly globally 
as part of a public–private Partnership.
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9.2 The Problem 

With increasing affluence and adoption of urban lifestyles, the 43.7 million people 
living in the Oceania region, which includes PICTs as well as Australia and New 
Zealand, naturally and rightly expect higher living standards (see Chap. 14). This 
typically demands more imported goods, which tend to be consumables, such as 
food, household goods, electronic goods, and vehicles, and this inevitably leads to 
an increase in the amount of waste produced. 

The situation is further exacerbated by the fact that the PICTs are limited in size 
and population and have few financially viable options to properly process or recycle 
waste on the islands. This means that land taken up by the waste could potentially 
have been better used for agriculture or towards raising economic capacity locally. 

The waste that goes to landfill may affect islanders’ health due to air pollution, 
or seepage into precious groundwater. However even if it does not affect the air 
or groundwater, the waste entering the sea inflicts damage on marine biodiversity. 
Marine life is a critical and integral part of Pacific Island culture, to the extent that 
Mr. Kosi Latu (SPREP Director-General 01 April 2022) argued, “if they’re gone, 
part of our culture is also gone.” Environmental damage by pollution from liquid 
and solid wastes is hypothesized to have led to a substantial economic loss for the 
region. 

The third United Nations Environment Assembly (UNEA-3) took place in 
Nairobi, Kenya in December 2017. The main thematic cluster of UNEA-3 was the 
“Clean Planet Pledge” with specific reference to ocean plastics and how to prevent 
them. The messages of the presentations given during that session were very clear: 

1. PICT are heavily impacted by waste from local and global sources, with high 
dependence on imported products and with small-scale markets far from overseas 
recycling centres. 

2. The plastics present in the oceans and on land in the PICT were being imported: 

i. as onshore waste carried down rivers and entering the region on ocean 
currents, and/or 

ii. as “Ghost Nets”: the 6% of all fishing nets, 9% of all traps, and 29% of all 
lines are lost abandoned or discarded from fishing vessels each year, and/or 

iii. as garbage from cruise and other ships, and/or 
iv. as legitimate cargo, such as packaging for finished goods being imported on 

container/cargo ships. 

3. The stark and unavoidable conclusion was that, shipping companies and cargo 
carriers, were part of the problem and needed to find a way to be part of the 
solution 

Furthermore, there are international conventions regulating the transboundary 
movement of waste to stop its dumping. These are principally the Basel Convention, 
and the local PICT version that also forbids transport and dumping of nuclear waste, 
the Waigani Convention (Waigani Convention 2022). However, these conventions do
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not forbid the transboundary movement of waste but do seek to regulate it, such as 
to ensure that the waste streams are properly, responsibly, and competently handled 
at the destination country. 

9.3 The Solution 

Swire Shipping owns, operates, and manages around 50 general cargo and contain-
erships serving 14 deep-sea or international trade routes in the Pacific Ocean 
(Fig. 9.2). 

Swire Shipping carries a material portion of the finished goods that are imported 
into the PICT. A large portion of these have plastic and other packaging that is 
removed and disposed of once the goods reach the ultimate end user. As nearly all of 
the PICT are too small (in area or population) to financially justify viable recycling 
plants, these plastic/packaging waste streams are often then dumped into official or 
unofficial landfill dumping sites, many of which are shallow areas remaining after 
building materials have been extracted. 

Swire Shipping then repositions the newly emptied containers on ships heading 
out of the central Pacific, generally back to Pacific Rim countries, to be loaded for the 
next inward voyage. It was very obvious that the waste streams that had previously 
been unviable to ship out for processing (until such time that local recycling plants are 
established), could be carried to the best destination. The containers owned by Swire 
Shipping that are typically rented to shippers at a daily rate, were made available 
pro bono. The freight charge (on a Free In Free Out basis) was also waived as the

Fig. 9.2 Swire Shipping lines route map as at February 2023. The boundaries and names shown 
and the designations used on this map do not imply official endorsement or acceptance by 
the United Nations. (https://www.swireshipping.com/information/info-pages/our-solutions/liner-
shipping/). Figure credit: Swire Shipping Pte. Ltd. 

https://www.swireshipping.com/information/info-pages/our-solutions/liner-shipping/
https://www.swireshipping.com/information/info-pages/our-solutions/liner-shipping/
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containers were needing to be re-positioned in any case. For no extra cost to either 
the waste stream “owners” or the shipping company, the waste could be carried out. 

SPREP is the secretariat of the Waigani Convention and is the Pacific Regional 
Centre for the Basel Convention and is thus able to ensure that the required Prior 
Informed Consent, licenses, exemptions etc. are all in place for all relevant ports 
before any shipment of cargo is authorized and accepted. 

In addition to the principal stakeholders, the PICTs’ national governments, the 
other key stakeholders comprise the shipping firm and owner of the empty containers, 
SSL, the regional Intergovernmental body for the Environment, SPREP, plus the 
Ministries of the Environment (or waste) and in some cases the Ministries for Tourism 
of the PICT. SPREP was crucial to facilitate the government-to-government inter-
actions. At the same time, it can also connect potential investors and IGOs (e.g., 
UNEP, UN ESCAP, World Bank, Asian Development Bank, European Union) with 
the governments on environmental initiatives, such as developing suitable recycling 
plants. 

Shippers of waste stream cargos were also one of the stakeholder groups. A 
potential shipper could be a recycling company, a non-governmental body, or a 
government agency. The typical month-long permit application process would be 
triggered by the shipper which had to reside in an exporting country that was a 
member of SPREP and/or the Pacific Islands Forum (PIF). The waste shipment 
exemption application is then made through SPREP. 

The partnership between SSL/Swire and SPREP/UNEP was to engineer a “win– 
win” situation for the two parties, as well as the shippers, the exporting countries’ 
communities and the destination recycling plants. This was known as the “Moana 
Taka Partnership” (MTP). Moana is the Polynesian for ocean and taka is the word for 
circulate in Polynesian, and “waste” in Swahili. The MTP memorandum of under-
standing (MOU) signed on Global Recycling Day, 2018 established the operational 
processes by which SSL vessels carry their owned containers, lent pro bono to the 
shippers to fill with recyclable waste from eligible Pacific island ports (viz. on Swire 
Shipping’s route network, initially, to avoid complications of transhipment), to then 
be shipped with pro bono freight fees, so that the waste could be sustainably treated 
and recycled in suitable ports in Asia Pacific elsewhere on its route network. 

Specifically, the MTP focused initially on moving cargos explicitly covered under 
the Waigani and Basel Convention, an agreement that regulates transboundary move-
ment of defined toxic, poisonous, explosive, corrosive, flammable, eco-toxic, infec-
tious, and radioactive wastes. Under this agreement, PICTs that have insufficient or 
inappropriate landfill space to store waste, inadequate waste treatment facilities, or 
lack the financial ability to ship recyclable waste are eligible to apply. Recyclable 
materials include plastics, aluminium cans, waste oil and ozone depleting substances 
(ODS), amongst those on the list in the Basel Convention. When the agreement 
initially took effect it did not support non-hazardous (but still non-commercial) ship-
ments, but it has done so since mid-2019. The fourteenth meeting of the Conference 
of the Parties to the Basel Convention (COP-14, 29 April–10 May 2019) adopted 
amendments to Annexes II, VIII and IX to the Convention with the objectives of
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enhancing the control of the transboundary movements of plastic waste and clari-
fying the scope of the Convention as it applies to such waste. The MTP was instru-
mental to SPREP in helping to deliver a part of its initiatives toward implementing 
its Cleaner Pacific goal by the year 2025 (Cleaner Pacific Strategy Plan 2022). It had 
set aside USD 4 million for waste management system in the region. As part of the 
MTP agreement, the regional organization could help identify a competent, licensed, 
willing, and suitable waste stream recycler/waste reception facility/buyer, unless the 
applicant for shipping the waste out from the Pacific Islands had already identified 
one. 

The UN Environment Programme (UNEP) is the international agency that coordi-
nates the UN’s environmental activities, helping developing countries to implement 
environmentally sound policies and practices. UNEP supported this partnership, and 
found that it held the potential to help realize several of the UN’s Sustainable Devel-
opment Goals (SDG) which had been promoted since 2015; in particular the three 
goals shown in Fig. 9.3. 

For Small Islands Developing States (SIDS) it is noteworthy to mention, that the 
Biosphere Reserve of the Island of Príncipe (São Tomé and Príncipe) and UNESCO 
have launched an awareness and mobilization campaign entitled ‘No plastic. A small 
gesture in our hands’. The campaign follows one of the resolutions of the Interna-
tional Meeting of the East Atlantic Biosphere Reserve Network, which took place 
on the Island of Príncipe in May 2013, and aims to reduce plastic waste and promote 
access to drinking water in the biosphere reserve. The campaign intends to involve the 
whole population in collecting plastic bottles. Fifty plastic bottles can be exchanged 
for a ‘Príncipe Biosphere Bottle’, a reusable stainless-steel bottle made from safe,

Fig. 9.3 United Nations Sustainable Development Goals 
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plastic-free materials. These bottles can be replenished at various treated water points 
installed across the island of Príncipe. 

9.4 The Agreement 

Through the good offices of SPREP and the Pacific Island Forum (PIF), in contact 
with the various PICT national Ministries’ of the Environment, there is now a wide 
knowledge of the MTP amongst those whose business concerns disposal of waste 
streams. Prior to the introduction of MTP, waste streams had a negative profitability 
when shipped commercially from places with no disposal facilities to the ports where 
disposal could be done in a licenced, competent, and sustainable way. The entire 
negative profitability equation is turned on its head when both the container hire 
costs and freight charges are waived by the shipping company relocating the empty 
containers, which it has to do anyway. 

A copy of the flow chart for the MTP Charter is shown in Fig. 9.4. 
The owner of the waste stream must:

4.1 First determine if this partnership offer will be applicable in their county and 
national circumstances. 

4.2 Submit an application form which outlines the type of waste stream (hazardous 
or non-hazardous), the location and the quantity, the condition, the current 
owner, and the preferred timescale for removal.

Fig. 9.4 The MTP Charter and Process (source The Moana Taka Partnership Charter; https:// 
dcasvmrn70pnz.cloudfront.net/assets/Sustainability/The-Moana-Taka-Partnership-Charter-Rev-2. 
3-Non-commercial.pdf). Figure credit: Swire Shipping Pte. Ltd. and SPREP 

https://dcasvmrn70pnz.cloudfront.net/assets/Sustainability/The-Moana-Taka-Partnership-Charter-Rev-2.3-Non-commercial.pdf
https://dcasvmrn70pnz.cloudfront.net/assets/Sustainability/The-Moana-Taka-Partnership-Charter-Rev-2.3-Non-commercial.pdf
https://dcasvmrn70pnz.cloudfront.net/assets/Sustainability/The-Moana-Taka-Partnership-Charter-Rev-2.3-Non-commercial.pdf
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4.3 Provide the name and location of competent, licensed, willing and suitable waste 
stream recycler (for which SPREP is able to provide assistance if needed). 

4.4 Critically warrant that the waste shipment is non-commercial. This is interpreted 
as “the waste stream has not been shipped between the ports involved within 
the past two years”. This is to prevent this environmental and social initiative 
cannibalizing existing commercial bookings that have been carried out previ-
ously without any need for a subsidy. This could commercially disadvantage 
both the shipping company and other waste shippers who have been paying to 
ship the same waste stream up to the development of the MTP. 

Swire Shipping will then review the application form to determine: 

4.5 If they have any suitable empty containers in a port near the waste location that 
need to be moved to a port near the recycling location. 

4.6 If they have any suitable ships serving the port pair in 4.3. 
4.7 If they have space to transport the container from and to the port pair in 4.3. 

Assuming yes, then 
4.8 the MTP dedicated resource will then liaise with the owner of the waste stream 

to make a cargo slot booking. 

SPREP, as the Pacific Regional Centre of the Basel Convention/Waigani 
Convention Secretariat, will then: 

4.9 liaise with the shipper, consignee, shipping booking department, and ALL coun-
tries on the route between the port pair in 4.3 (viz. departure, intermediate, and 
destination ports) to obtain Prior Informed Consent under the Basel/Waigani 
Convention, if the cargo is on the hazardous cargo lists in the convention 
schedules. 

When (and only when) all the above administration is complete can the operation 
begin. 

The shipper has the responsibility for arranging and paying for all matters such as 
filling the containers, transport to the port, loading onto the ship, issuance of bills of 
lading and securing any necessary insurance prior to loading, and also the arrange-
ment and payment of importation fees (including manage bio-security issues where 
relevant), moving away from the port, storage, unstuffing, and container cleaning 
after discharge at the destination port. It must also be noted that it is not always 
possible for such pro bono shipments to be performed from all points, to all point as 
may be preferred by the shippers. 

Currently the company cannot ship to ports outside the Asia–Pacific, or desti-
nations not covered by its schedule routes, as it cannot commit 3rd party Ship 
Owners to provide pro bono services. However, and crucially, this partnership is 
not seen as a revenue line item, but rather an environmental and social invest-
ment in its key communities. Consequently, the processes involved are all avail-
able, in editable format, for any other like-minded ship owners to rebadge and 
copy the MTP. Swire Shipping reports that that this has begun to happen in 
the Pacific Ocean for other PICT not served by Swire Shipping, and is being
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reviewed by UN Environment for replication for SIDS in both the Indian Ocean 
and the Caribbean Sea in conjunction with the GEF-funded ISLANDS Waste-free 
Shipping Programme (see GEF ISLANDS https://www.thegef.org/newsroom/press-
releases/island-nations-get-new-lifeline-beat-pollution 2022). This demonstrates the 
successful public–private partnership offers continued opportunity for replication and 
growth. 

9.5 The Impact 

The first shipment (SWIRECNCO Waste Shipment 2022) took place in March 2018, 
just 115 days from the meeting under an acacia tree at UNEA-3 and when the ink on 
the MTP agreement had barely dried, on the Swire Shipping vessel, MV Melanesian 
Pride, from Apia, the capital of Samoa, carrying 2 TEUs (twenty-foot equivalent 
units) with 56 tonnes of scrap metal, to Brisbane, Australia. 

Since then, in 2019 the MTP shipped 50 TEU / 616 tonnes from Australia, Fiji, the 
Marshall Islands, and Papua New Guinea (PNG), to Australia, Kiribati, Malaysia, 
Samoa, Singapore, and Vietnam. 
A few barriers were discovered including:

• one existing waste shipper felt strongly that his business, which he had built 
up over years, was being harmed. Swire Shipping attempted to engage with the 
individual, pointing out that no single “commercial cargo” had been shipped, viz. 
“a waste stream has been shipped between the ports involved within the past two 
years”, but to no avail.

• one shipment for which the consignee’s waste recycling permit expired on the 
voyage, so the destination port customs would not allow it to be landed (requiring 
Swire Shipping return it to its port of origin at its own cost). A longer buffer is 
now set in place to avoid this. The use of requesting a bank bond to cover the 
costs of returning the shipment to the loading port is being considered, but has 
yet been instituted. 

However, the scalable model and the material impact that garnered broader support, 
has meant that other shipping companies in the Pacific have begun to adopt this model. 
If the take-up develops further in this way, it is possible that the partnership can be 
expanded to encompass movement of waste streams to an expanded destination port 
network by using two separate shipping lines, with trans-shipment at an intermediate 
port (in exactly the same way as baggage transfers are possible between two airlines 
in the same alliance who agree to “inter-line”). UNEP is considering transferring this 
model to other ocean basins such as the Indian and Caribbean Sea.

https://www.thegef.org/newsroom/press-releases/island-nations-get-new-lifeline-beat-pollution
https://www.thegef.org/newsroom/press-releases/island-nations-get-new-lifeline-beat-pollution
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9.6 The Future 

One issue that has been very visible as Swire Shipping has taken a deeper interest in 
under/improperly processed waste in PICT, is the number of abandoned End of Life 
Vehicles (ELV) observed on every island. To reduce the volume of discarded waste 
materials, particularly ELV in the PICTs, an integrated logistics supply chain and 
recycling operation that will enable the ongoing recycling of various waste streams 
that is sustainable both financially and environmentally is needed. 

Geographic presence and logistics network coverage to deliver sustainable 
outcomes for the communities of the PICTs, now and for the future is critical. Future 
plans can build on the learning from this partnership.

• Build from the Moana Taka Partnership (MTP), a proven successful, innovative 
regional project.

• It is regarded as a scalable project due to the number of satellite plants and the 
capabilities of our network.

• The project is targeted to scale; starting with the recovery of waste irrespon-
sibly discarded in an environmentally unfriendly manner aiming to eventually see 
proactive final owners delivering to commercial and industrial (user pays) sites, 
and thus assisting in the recovery and recycling of mining and other industrial 
users.

• It is intended that this will eventually be a commercially viable project for all 
stakeholders, rather than solely an environmental/CSR project.

• It will create employment, skills, and enrich the lives of local people.
• Target a measurable reduction, and eventually a complete avoidance of material 

sent to landfill, while maximizing the closed loop recycling of a variety of materials 
that are currently just seen as waste streams. 

There is an imbalance between the levels of import and exports in the PICTs, and 
this has resulted in large numbers of ELVs and bulky domestic appliances being 
abandoned in the region. The Swire MTP proposition detailed earlier is to ‘do better’ 
with them. 

Appropriate disposal to landfill or for resource recovery is currently unsustainable 
in the PICTs due to the constraints of their wide geographic distribution, the low 
value and low volume of the scrap available, distance to the relevant markets, lack 
of public funding, specialist skills, or enterprise to do better, and the presence of 
Persistent Organic Pollutants (POPs) as flame retardants in the ELV soft fittings that 
must be removed prior to recycling to mitigate leakage of toxic compounds into 
the environment. The aim of the partnership is to ensure on-going delivery of best 
practice waste minimization methods and best possible outcomes for the environment 
and the PICTs communities. 

However, it is clearly recognized that cleaning up irresponsibly abandoned ELVs 
is a reactive solution aimed at treating the symptoms and not the cause. It is 
believed that IGOs helping the PICTs enact legislation that suits them, to encourage
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responsible disposal at the end of life of the asset will be a material improve-
ment, building off the work that the likes of SPREP have done in the past with the 
Extended Producer Responsibility (EPR) (Extended Producer Responsibility 2022), 
the circular economy, the life cycle approach and all the other efforts they have made 
in the past. The authors’ view is that Advance Disposal Fees (ADF) (Advanced 
Disposal Fees 2022) are the next step on road to the behavioural change, albeit an 
important one. 

It is believed that ADFs are a relatively new concept in the PICTs, with the 
exception of Tokelau where the idea has yet to be fully developed. It may well be 
some time before there is any legislation put in motion as a result of Tokelau’s leading 
work in this area. However, if SSL’s “Project Rivendell” gets the go-ahead, legislation 
will greatly help to progress this solution. The ownership of the abandoned scrap in 
each country is a potential obstacle to the viability of this project, as it would be in 
any region. To overcome this, the project will need support from local governments. 

While it would of course be possible for each of the PICTs to set up the legislation 
individually themselves, we feel this may be inefficient, re-inventing the same wheel. 
The legislation should be quite similar from country to country, so adopting a similar 
package avoids the cost in time and money for each single country and territory. The 
end result of adopting non-common legislation will be to delay the implementation 
of the project and the clean-up of the islands. 

Most businesses in our sector do not involve themselves in lobbying govern-
ment; it is not Swire Shipping’s desire, or core business or area of expertise. This 
is where public–private partnerships with inter-governmental bodies, based on the 
data-backed science and business operations can once again work together to produce 
a solution that gives wins to the three parties in the Science-Policy-Business area 
and the key stakeholders of the communities of the PICTs. 
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Chapter 10 
Infrastructure Vulnerability 
to Disruption: A Particularly Pacific 
Problem 

Matt Blacka, Fiona Johnson, and Ron Cox 

Increasing the climate resilience of infrastructure is vital for 
Pacific communities to support daily living and disaster 
response. 

Abstract Infrastructure and climate have important roles in driving the water-
energy-food nexus in the Pacific region. The significance of infrastructure is woven 
throughout the United Nation’s 2030 Agenda for Sustainable Development, with 
Sustainable Development Goals relevant to infrastructure and its links to the water-
energy-food nexus. Pacific Island Countries and Territories (PICTs) differ from larger 
developed neighbouring countries in Oceania such as Australia and New Zealand, 
bringing about a unique set of challenges for infrastructure. Physical characteris-
tics include small, remote populations and small land masses, and susceptibility 
to natural hazards. Institutional challenges such as governance, small economies, 
and limited infrastructure expertise are prevalent. Yet, despite all these challenges, 
climate change is perhaps the largest. This chapter considers the interconnectivity 
of infrastructure and the water-energy-food nexus, and the importance of building 
climate resilience within the infrastructure sector reflected through the lens of three 
key infrastructure areas namely maritime transport, coastal protection, and Water, 
Sanitation and Hygiene (WaSH) infrastructure. 
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10.1 Introduction 

The United Nations (2015) identifies the central role of infrastructure through the 
Sustainable Development Goals (SDGs) and its links to the water-energy-food nexus. 
SDG 6 and SDG 7 relate to water and energy respectively and SDG 9 aims to “build 
resilient infrastructure, promote inclusive and sustainable industrialization and foster 
innovation.” These SDGs are relevant across the Pacific region but have partic-
ular importance for the Pacific Island Countries and Territories (PICTs) which are 
predominantly classified as lower and upper middle-income economies and include 
four of the world’s least developed countries (Kiribati, Solomon Islands, Timor Leste, 
Tuvalu) (United Nations 2021). The challenges facing these communities is reflected 
in SDG 9a, which focuses specifically on resilient infrastructure for small island 
developing states. 

At a national level, the SDG infrastructure-related goals are echoed through the 
sustainable development plans of many, if not all, PICTs. For example, Infrastructure 
and Technology is one of five National Outcomes of the Tonga Strategic Develop-
ment Framework 2015–2025 (Government of Tonga 2015), and Building Resilient 
Infrastructure is a National Development Goal of the Cook Islands National Sustain-
able Development Plan 2016–2020 (Government of Cook Islands 2016). World Bank 
(2006) similarly identifies infrastructure-related development goals for Fiji, Kiribati, 
and Solomon Islands within their national development planning agendas. 

However, the PICTs are diverse in geography, culture, climate, and have unique 
development challenges. The small land masses, remote geography, rapid urban-
ization, and important role of the ocean in terms of infrastructure sets the PICTs 
apart from their larger neighbouring countries of Australia and New Zealand. This 
chapter, therefore, focuses on the relationship between infrastructure and climate 
change impacts on the water-energy-food nexus in the PICTs. 

10.2 Infrastructure Functions in the Water-Energy-Food 
Nexus 

Infrastructure in the PICTs can broadly be considered to support three principal 
outcomes (Baker and Week 2011), or a combination of them:

• Basic well-being of the population;
• Delivery of Government services; and
• Enabling economic activity. 

Figure 10.1 maps different infrastructure categories to their intended principal 
outcome (or outcomes), from which it can be seen that basic well-being of popula-
tions is a fundamental outcome supported by most infrastructure types, and indirectly 
supported (through income generation, for example) by all types. In most instances, 
infrastructure supports the basic needs and well-being of communities through its role
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in the provision of clean water, stable energy, or secure food supplies—fundamental 
components of the water-energy-food nexus. 

What differentiates infrastructure within the Pacific region from many other areas 
of the world, are the geographical and geophysical characteristics of the island nations 
that characterize the region, combined with the social and cultural characteristics 
of human populations. Dominated by dispersed island communities spread over 
vast areas of ocean, and with many communities inherently restricted to the coastal 
margin, there are strong traditional cultural ties, as well as modern needs associ-
ated with the ocean and coasts. Capital and maintenance costs for infrastructure 
services in the PICTs are comparably high, for a number of reasons, including the 
often small, dispersed, and remote settlements and inherent vulnerability to natural 
disasters (World Bank 2006). 

To holistically consider climate impacts on infrastructure and subsequently the 
water-energy-food nexus, we need to look beyond the direct impacts on infrastructure 
itself, considering also the impacts on interdependent sectors supported by infras-
tructure (Baker and Week 2011). For example, a seaport is not only directly impacted

Fig. 10.1 Principal outcomes of sectors supported by infrastructure for PICTs 
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by rising sea levels and more extreme wave conditions, but also indirectly by climate 
change impacts on connected infrastructure. These indirect impacts occur on infras-
tructure such as the coastal protection structures that provide safe shelter for vessels, 
roads that service freight linkages, energy and fuel supplies that power operations, 
communications, and on local communities that require the import/export trade (Cox 
et al. 2013, 2014). 

10.2.1 Maritime Transport Infrastructure 

Communities across the PICTs have historically had (and continue to have) very close 
ties with the ocean. In addition to this strong cultural connectivity, maritime trans-
port provides a fundamental link for international and inter-island freight, passenger 
travel, and is an essential component of both commercial and subsistence fisheries. 
Long distances between ports, low trade volumes, imbalanced exports/imports, and 
the widely varying standard of ports and their operations result in relatively high 
shipping service costs within the region (ADB 2007). 

Each PICT has a number of ports with different functions. Typically, each country 
has just one or two major ports that process international trades, and these facilities 
are often government owned (ADB 2007). Secondary ports, typically located on 
outer islands or in provincial towns, provide domestic and inter-island freight and 
transport services. While these facilities are low-key and often under-maintained 
(Pacific Infrastructure Advisory Center 2013), they are the lifeblood of remote island 
communities through which essential supplies are received including food, medical 
supplies, building supplies, fuel, and gas. The secondary ports are sometimes owned 
and managed at an island or provincial government level (not national government), 
such as in the Cook Islands, introducing further funding and capacity constraints to 
maintain the assets and infrastructure. 

Port infrastructure across the region varies vastly in operational standard and 
condition depending on the required functions. Even international cargo and bulk 
facilities in some countries (e.g., Cook Islands as shown in Fig. 10.2) comprise 
only a basic wharf, mooring, and water-side equipment, and completely rely on 
vessels to provide cargo handling equipment and personnel. In small, remote island 
communities, facilities are typically very basic timber or concrete wharves serviced 
by a narrow (and often dangerous) reef passage (Fig. 10.2). Small local barges and 
tenders pass through the reef and form a transfer link with larger freight vessels that 
remain offshore in deeper water during cargo transfer operations. In contrast, some 
countries with larger economies (French Polynesia and New Caledonia, for example) 
have major wharves and coastal protection infrastructure to support sophisticated 
facilities and cargo-handling that is of world-class standard (ADB 2007).

For maritime transport infrastructure such as seaports, the links between infras-
tructure and the water-energy-food nexus are strong within the PICTs due to a range 
of unique factors:
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Fig. 10.2 A cargo vessel awaits to unload offshore of the reef at Arutanga Wharf, Aitutaki, The 
Cook Islands (©M. Blacka)

• All incoming fossil fuel supplies from international locations are either offloaded 
to storage facilities, often located on vulnerable land along the coast, or domesti-
cally transhipped through major ports. These fossil fuels are typically the dominant 
source of fuel used to produce energy in the form of electricity, which then powers 
water treatment and distribution infrastructure and refrigerates stored food.

• The imported fuels that pass through ports also drive land-based transportation 
networks that distribute food, bottled water, and other goods, and drive domestic 
shipping and recreational boating that underpins commercial and subsistence 
fisheries.

• Gas imported through ports forms a significant source of heat for cooking food 
and boiling drinking water.

• Jet fuel imported through ports is vital for air transport, and in particular supports 
the key economic role of tourism in the region.

• Ports provide for the extensive domestic and international commercial fisheries 
industries that are a significant component of local and regional economies, and 
a critical source of food for many countries.

• For countries with minimal arable land (atoll-dominated countries, for example), 
imported food via sea transport forms a major component of people’s diet to 
supplement locally available produce.

• Domestic ports and harbours provide the opportunity for inter-island movement 
of food, both imported and exported from domestic agriculture, aquaculture, and
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other primary producers, and for movement of other supplies and produce between 
remote communities.

• Domestic harbours are the safe base and hub through which many local fishermen 
access the seas surrounding their islands to undertake subsistence fishing. 

10.2.2 Water, Sanitation, and Hygiene (WaSH) Infrastructure 

Infrastructure for water supply and sanitation is varied across the Pacific, and access 
to both water and sanitation is uneven. Approximately 50% of the population of the 
PICTs have access to an improved water source (United Nations 2020). However, 
there are strong inter-country differences; for example Australia, Niue, and New 
Caledonia have close to 100% access to improved water sources, whilst Vanuatu 
and Tuvalu have less than 50% and Samoa only around 10% (United Nations 2020). 
Similarly access to safely managed sanitation (SDG 6.2.1) is highly variable across 
the Pacific ranging from approximately 30% for Kiribati and Tonga, close to 50% 
for Samoa, and up to 75–80% for Australia and New Zealand (United Nations 2020). 
There is limited data for many of the PICTs for sanitation coverage (see Chap. 2 for 
more details). 

Centralized, piped water systems are common in the larger cities and can be fed 
by groundwater or surface water sources. For example, traditionally communities 
in Samoa settled around freshwater springs (Macpherson and Macpherson 2017), 
and aside from household personal water tanks, almost 100% of distributed water on 
Rarotonga (Cook Islands) is through intakes on upper catchment streams. Similarly, 
surface water provides 95% of water requirements in French Polynesia. For some 
islands, such as the atolls in the northern group of the Cook Islands, rainfall is the 
predominant potable water source, captured within both community and household 
tanks (Parakoti and Davie 2007). Purpose-built roofs can provide a catchment surface 
for larger community tanks (Fig. 10.3), though often community buildings such as 
churches, halls, and schools provide a roof catchment.

Fresh groundwater lenses are important water sources in low-lying atolls and lime-
stone islands and basal aquifers can also occur along the coastal zones of volcanic 
islands (Falkland and White 2020). The sizes of these freshwater lens varies substan-
tially. Investigations in Tonga and Niue, for example, show sustainable reserves while 
the small freshwater lens in Nauru disappeared completely during the 2008 drought 
(White and Falkland 2010). In some locations, water from freshwater lenses is used 
for non-potable or supplementary supplies because salinity levels are too high for 
drinking purposes. 

Reverse osmosis (RO) for seawater desalination is used in some locations (see 
Chap. 8 for more information). Desalination in Nauru is used during drought periods 
and for supplementary supply at other times. Small-scale containerized desalination 
operates in Fiji, Kiribati, Solomons, Papua New Guinea (PNG), Nauru and Palau, 
among other PICTs in the region. Transportable desalination plants are becoming
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Fig. 10.3 Community water tank and catchment roof on the atoll of Manihiki (©Melina Tuiravakai)

more common as a tool for rapid deployment to remote communities during emer-
gency water shortages. For instance, such a system was used in the atoll of Penrhyn 
in the northern Cook Islands during the La Niña driven drought in 2020/2021 (Cook 
Island News 2021; Radio New Zealand 2021). Private desalination plants are oper-
ated by tourist resort owners in some PICTs. Desalination has now also been widely 
implemented for major cities around Australia, with multiple plants installed in Perth, 
western Australia due to the declining water resources in this region as a result of 
shifting rainfall patterns (Hope et al. 2006; Ummenhofer et al. 2008). 

Informal settlements in urban and peri-urban areas are an increasingly impor-
tant consideration in PICTs, where high urbanization rates are a result of migration 
for education and employment (Weir et al. 2017). Informal settlements are rarely 
considered in official urban planning and are under-served in terms of water and 
sanitation infrastructure (Anthonj et al. 2020). Sinharoy et al. (2019) note that glob-
ally unreliable or intermittent supplies in informal communities are associated with 
poorer water quality forcing householders to store more water, which can also lead 
to contamination. Access is often from shared community standpipes, which may be 
illegal connections or have higher tariffs (Schrecongost et al. 2015). Sanitation facil-
ities in informal settlements are particularly problematic, with poor waste manage-
ment and shared facilities leading to health and safety risks, particularly for women 
and girls (Sinharoy et al. 2019), and further deterioration of available water resources. 

Examples of how WaSH infrastructure affects the water-energy-food nexus 
include:
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• Alternative water supply technologies such as RO have high energy costs and if 
not using renewable energy, require fuel to be imported, providing further cross 
linkages with transport infrastructure.

• Similarly, energy, and therefore fuel, is required for water treatment plants and 
pumps for boreholes and surface water intakes. As highlighted above, energy 
supply disruptions can lead to households storing more water to mitigate against 
intermittent supplies. This can contribute to poorer water quality and health 
outcomes.

• Unsustainable groundwater use, leading to drawdown or salinisation of aquifers, 
requires higher energy inputs due to increased pumping and treatment require-
ments.

• Life on Pacific atolls can be “harsh and precarious,” due to their low agricul-
tural productivity and highly porous soils, coupled with limited available land 
area, leading to food insecurity and the need to import food (Terry and Chui 
2012). Attempts to improve productivity through fertilizers and pesticides risk 
contaminating the limited freshwater reserves and impacting adjacent coastal 
ecosystems.

• More research is required into safe rearing practices for livestock that better 
protects freshwater sources in the Pacific context (MacDonald et al. 2017). 
For example, the proximity of domesticated pigs to community water sources 
increases the risk of leptospirosis through contamination of freshwater by urine. 

10.2.3 Coastal Protection Infrastructure 

Whereas seaport and WaSH infrastructure can directly influence water-energy-food 
nexus outcomes, coastal protection infrastructure has a more indirect (though no 
less important) role. Many low-lying island communities rely on coastal protection 
infrastructure to reduce impacts from coastal erosion and inundation during extreme 
cyclones, large swell wave events (Hoeke et al. 2013), or king tide events (Lin et al. 
2014; Davies  2015; Australia News Network 2014). In some cases the need for 
coastal protection is not driven by climate event extremes, but instead linked with 
other underlying climatic and physical processes, including degradation of coral reef 
health, longer-term climate cycles that influence waves and currents, removal of 
coastal sands by mining of beaches, and the trapping of sediment by rivers and other 
coastal structures (PRIF 2017). 

Coastal protection works can or do mitigate risks to water, energy, or food systems. 
For example:

• For many island communities agricultural crops, in particular taro crops grown in 
low-lying freshwater wetlands, form staple food sources but can be destroyed by 
saline ocean water from wave overwash and storm surge processes, or damaged 
through erosion (e.g., impacts from Cyclone Pam on outer islands of Tuvalu) 
(Taupo and Noy 2017).
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• Freshwater lagoons, wetlands and shallow groundwater aquifers that form 
drinking water reserves can become contaminated with salt water (Storlazzi et al. 
2018), destroying their viability for decades into the future (e.g., impacts from 
Cyclone Percy on the atoll of Pukapuka in the northern group of the Cook Islands) 
(Terry and Falkland 2010).

• Protection of other infrastructure within the coastal zone that supports the water-
energy-food interdependencies, including water distribution infrastructure, trans-
port infrastructure (road, port, and air), power supply infrastructure, fuel storage 
etc., from the impacts of these extreme ocean events. 

The use of rock armoured seawalls is widespread throughout the PICTs, as well 
as a host of other formal and ad-hoc coastal protection systems, including vertical 
concrete walls, grouted stone and coral boulder walls, sand and grout-filled bags, 
gabion baskets, and materials of opportunity such as rubber tires, tree trunks, scrap 
metal and machinery, and drums that are filled with concrete. While concrete armour 
units have been used, they are generally limited to ports or other areas of higher 
value. Table 10.1 identifies the length of coastline for most countries in the Pacific 
region, along with the types of human-created coastal protection in place around each 
country (including both nature-based and engineered coastal protection works).

Natural systems also provide significant coastal hazard protection to island 
communities throughout the Pacific region. On high-energy coastlines, coral reefs act 
as a natural dissipator of waves (Ferrario et al. 2014), regulating the wave energy that 
eventually reaches the shorelines. Healthy reef ecosystems also generate sediment 
that sustains the beaches of many islands providing further coastal protection value for 
communities. In low-energy coastal environments, mangroves also provide natural 
dissipation of wave energy and protection of communities from coastal flooding 
hazards (Gilman et al. 2006). 

10.3 Climate-Related Vulnerabilities 

The major intersections of current and future climate with infrastructure centre on 
rainfall patterns and sea levels (see further description of Pacific climatology and its 
future changes in Chaps. 1, 2 and 5). Extreme weather events, specifically tropical 
cyclones, are the major disrupting force for all infrastructure types. They lead to 
large rainfall totals, high intensity rainfall, and storm surges, which all contribute to 
flooding and can impact the efficient operation of infrastructure and potentially lead 
to infrastructure damage. At longer time scales, variability is primarily driven by the 
El Niño Southern Oscillation (ENSO) (see Chap. 5 for details), and water supply and 
food production are particularly at-risk during ENSO-induced droughts. The impacts 
of anthropogenic climate change on floods and droughts and key uncertainties and 
their links with hydrologic infrastructure in the Pacific are described in Johnson 
et al. (2021). Considering the infrastructure categories summarized in Fig. 10.1, 
these climatic intersections and vulnerabilities impact infrastructure across almost
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Table 10.1 Coastline lengths and coastal protection types used in selected PICTs 

Country Coastline length (km) Reported coastal protection types 

Cook Islands 120 Concrete sea walls, rock boulder 
revetments, groynes, rock 
breakwaters, grouted coral sea 
walls, geotextile sandbag 
revetments, gabion baskets, beach 
planting, beach replenishment 

Fiji 1,129 Mass concrete seawalls, reinforced 
concrete seawalls, rock revetments, 
rubber tires, gabion baskets, 
mangrove planting 

Federated States of Mirconesia 6,112 Grouted coral seawalls, stacked 
coral boulders 

Kiribati 1,143 Small-stacked sandbags, 
grout-filled and mortared sandbags, 
reinforced concrete, grout mattress, 
tetrapod armour units, rock 
revetments, gabion baskets, stacked 
coral, grouted coral, planted 
mangroves 

Republic of Marshall Islands 370 Rock rip-rap revetments, sandbags, 
vertical concrete block or cemented 
coral walls, concrete armour units, 
gabion baskets filled with coral 
gravel, stacked tires, scrap metal 
and old heavy machinery 

Niue 64 Concrete seawalls 

Nauru 30 Coral boulders, concrete seawalls, 
rock seawalls 

Palau 1,519 Rock riprap, grouted rock, vertical 
concrete 

Papua New Guinea 20,197 Stacked rock, bricks, sandbags, tree 
trunks, gabion baskets, concrete 
filled tires 

Samoa 403 Grouted stone walls, rock 
revetments, groynes, beach 
replenishment, mangrove planting 

Solomon Islands 9,880 Rock revetments, stacked rock 
behind wooden piles, mangrove 
planting, vertical concrete walls, 
concrete armour units (tetrapods), 
gabion baskets

(continued)
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Table 10.1 (continued)

Country Coastline length (km) Reported coastal protection types

Tonga 419 Limestone/coral boulders, 
mangrove planting, grout-filled 
bags 

Tuvalu 24 Vertical concrete walls, gabion 
baskets, concrete cubes, steel 
drums filled with concrete 

Vanuatu 2,528 Vertical concrete walls, stacked 
coral, grouted coral, gabion 
baskets, revegetation 

Timor Leste 735 Rock revetments, concrete armour 
units, mangrove planting, coastal 
and marine protected areas 

Modified from PRIF (2017), Paeniu et al. (2015)

all sectors and are particularly vital to understand in the water-energy-food nexus. 
Infrastructure vulnerabilities differ from high islands to low atolls, nevertheless, even 
on high islands the majority of infrastructure tends to be clustered within the coastal 
zone due to the often rugged and mountainous nature of inland areas (Fig. 10.4), 
which is particularly sensitive to disruption by climatic and environmental drivers, 
and the impacts of climate change. Close to 60% of built infrastructure for 12 PICTs 
is located within 500 m of their coastlines (Kumar and Taylor 2015), amounting to 
a total replacement value of USD 21.9 billion (World Bank 2016).

10.3.1 Maritime Transport Infrastructure 

For seaports in the Pacific, typical day-to-day weather fluctuations have minimal 
impact for port infrastructure but do impact port operations. Vessel navigation to 
enter, berth, and depart a port (be it larger scale international freight and bulk vessels 
through to smaller personal fishing boats) is sensitive to wind speed and direction, 
wave conditions, and ocean currents. Likewise, cargo handling operations (cranes, 
for example) are impacted by wind and wave conditions (Cox et al. 2013; Dyer 2019). 
Energy consumption for powering port operations is also sensitive to air temperature 
changes (UN Trade and Development Board 2014). For larger islands with reasonable 
land mass, intense wet-season rainfall events can cause localized flooding that can 
overtop wharf areas and impact landside infrastructure (PIANC 2020). The influ-
ence of these weather fluctuations can translate to operational disruptions, which 
differ both between seasons and with longer-term climate drivers such as ENSO. For 
smaller domestic outer island and provincial harbours, seasonal climate fluctuations 
and longer-term climatic fluctuations influence the frequency at which their inter-
mittent cargo services are disrupted, or missed entirely, due to inclement conditions
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International seaport 

International airport Bulk petroleum, 
diesel and aviation 

fuel stores 

Domestic commercial 
and personal fishing 

harbour 

Agricultural 
crops 

Major retail and 
wholesale supermarket 

and building supplies 

Fig. 10.4 Rarotonga, the main island of the Cook Islands, has a high mountainous interior, yet 
infrastructure is clustered along the coastal fringe (Source Cook Islands Ports Authority)

that prevent ship unloading (UN Trade and Development Board 2014; Cook Island 
News 2013 for example). When operational disruptions result in shortages of food, 
fuel, medical supplies, and other essential goods that can last many months, this can 
translate to significant health and social impacts for remote communities. 

Tropical cyclones can have a significant impact on both port infrastructure and 
operations, predominantly through damage from storm surge and large waves to both 
waterside and landside assets. Due to the inter-connected nature of ports with other 
infrastructure and links with water, energy, and food as previously described, these 
disruptions can be extensive and last many years or decades beyond the event, and 
result in economic impacts that stretch much further beyond the re-build costs. Given 
that ports form the primary transport links with other parts of the world, damage to 
port and harbour infrastructure can also have a significant impact on emergency 
response in the period immediately following an event due to delays in providing 
required materials for infrastructure repairs as well as emergency food, water, and 
shelter supplies. 

Over the long term, the highest risk impacts from climate change for port infras-
tructure in the Pacific are generally related to sea level rise and waves. Changes to both 
of these environmental variables will impact the day-to-day operations of ports, and 
exacerbate damage sustained during cyclone events. In the majority of ports (small 
and large), facilities such as wharves and boat ramps are constructed for current sea 
levels and tide ranges, such that they function with quite specific freeboard. Increase



10 Infrastructure Vulnerability to Disruption: A Particularly Pacific Problem 213

in mean sea level effectively reduces this freeboard and will eventually result in these 
facilities becoming increasingly unsafe to operate and losing functionality. 

Small scale port and harbour facilities typical in the outer islands of many PICTs 
have very limited engineered protection from waves, often relying on the sheltering 
provided by the island itself and the dissipation of wave energy by fringing reefs. 
As sea levels increase relative to reef topography, the effectiveness of this natural 
wave dissipation will be reduced, and these harbours will be subject to increasing 
wave energy. Where breakwaters are present, they are typically low-crested and have 
limited to no maintenance, therefore vulnerable to this climate-change phenomenon 
(Fig. 10.4). For these low-key and often remote facilities, the effects of sea level 
rise and increased nearshore wave heights represent an extreme risk to public safety, 
including:

• More regular overtopping of the wharves, breakwaters, and ancillary facilities, 
making them unsafe or undesirable for use by the community;

• Reduced high-tide freeboard for vessels at berth, compromising the ability to 
safely load and unload cargo;

• Permanent inundation of the shoreline connections and/or wharves, making the 
infrastructure unsafe or unusable; and

• Increased maintenance requirements due to increased nearshore wave heights and 
cyclonic activity. 

Larger ports in the region are not immune to these long-term issues, and in time 
will require significant adaptation to reduce climate-related risks. Wharf decks will 
need to be elevated, as discussed in ADB (2014) for Avatiu Port in the Cook Islands, 
and breakwater structures that provide wave protection will need to be strengthened, 
as discussed in ADB (2018) for Apia Port in Samoa. These being just two exam-
ples of the significant investment that will be required to reduce indirect climate-
related impacts on the water-energy-food nexus that will result through impacts on 
the maritime transport sector. 

10.3.2 WaSH Infrastructure 

Most PICTs have strong wet and dry seasons (Chap. 5), and these annual cycles 
can lead to regular water shortages, particularly towards the end of the dry season 
for communities that rely on rainwater tanks or shallow groundwater-fed systems 
(MacDonald et al. 2017). On islands where they are present, perennial rivers can 
become much more important sources during the dry season (Elliott et al. 2017). 

At longer time scales, the major ongoing risk for WaSH infrastructure comes 
from the influence of ENSO (Chap. 2) on water resources systems across the Pacific. 
ENSO-induced droughts are a major challenge across the Pacific (Chap. 5) directly 
impacting the security of the water-energy-food nexus. For example the 2002/2003 
drought in Samoa led to electricity shortages because there was insufficient water 
for hydro-electricity generation (Kuleshov et al. 2014). The 2011 drought in Tuvalu
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led to water rationing and required deliveries of fresh water supplies and portable 
desalination equipment from overseas (Kuleshov et al. 2014). 

The primary cause of the largest flood events in the Pacific is tropical cyclones, 
although tropical depressions and flash flooding induced by short duration, high 
intensity rainfall events also contribute substantially to flood risk and associated 
devastating impacts on infrastructure. Cyclone Val in 1991 caused USD 200 million 
damage in Samoa alone, to energy, water, and telecommunications infrastructure as 
well as private and government buildings (Kuleshov et al. 2014). Importantly, there 
is substantial traditional knowledge in PICTs in terms of household level preparation 
for cyclones that should be drawn on to support climate resilience, including food 
storage techniques and traditional housing construction that enable rebuilding with 
local materials following a cyclone (Weir et al. 2017). Equally resilient designs are 
required for infrastructure. Community-wide piped water systems are considered 
very vulnerable to potential disruptions (Howard et al. 2010). For example, water 
treatment plants can be overloaded by high sediment loads in source water following 
extreme rainfall events or power losses can lead to lack of treatment, highlighting the 
importance of understanding the water-energy-food nexus. Back-up rainwater tanks 
are one solution that can be used to mitigate these risks (MacDonald et al. 2017) 
and in Samoa unused springs have been reinstated following extreme weather events 
(Macpherson and Macpherson 2017). 

Rising sea levels, as well as increasing rainfall extremes and increased intensity for 
tropical cyclones from climate change will magnify existing vulnerabilities in water 
infrastructure. Extensive research has been undertaken in Australia to understand 
the potential impacts of climate change on water supply (Khan et al. 2015) and 
water resources infrastructure (Chiew et al. 2011). Some recommendations have 
been developed for floodplain management and infrastructure design (Bates et al. 
2016), although there remain outstanding questions regarding modelling approaches 
(Stephens et al. 2019) and how changes in catchment wetness will interact with 
increasing rainfall intensities (Stephens et al. 2018). Similar research is urgently 
required for PICTs although data availability is a constraint (Johnson et al. 2021). 

The risk of saltwater intrusion into groundwater systems will increase with climate 
change (Weir et al. 2017; Terry and Chui 2012). Given that freshwater lenses are 
entirely rainfall fed, any changes in rainfall patterns will also affect their recharge 
rates and therefore sustainability (Terry and Chui 2012). Higher temperatures are 
likely to amplify existing problems with algae growth in water supply reservoirs 
(Paerl et al. 2016; Ministry of Health 2018). Johnson et al. (2021) adapted the global 
qualitative review of Howard et al. (2010) on the resilience of different water supply 
and sanitation options, considering the applicability of a range of WaSH options 
in PICTs. They found that increasing the resilience of water supply options in the 
Pacific for climate change adaptation is challenged by under-resourced institutions, 
remote geography, and high rates of urbanization.
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10.3.3 Coastal Protection Infrastructure 

Sea level rise represents the most significant climate change challenge for coastal 
protection infrastructure in the Pacific region (Shand and Blacka 2017). World Bank 
(2016) suggest that the highest adaptation cost for PICTs by 2040 will be coastal 
protection works. Increases in sea level will directly result in increased frequency 
and magnitude of waves breaking over coastal protection infrastructure, and thus 
increased inundation (Quataert et al. 2015; Beetham and Kench 2018). Sea level also 
modulates incoming wave heights at the reefs along the coastlines of many islands 
of the Pacific (Monismith et al. 2013). Therefore, higher sea levels will also result in 
larger waves impacting coastal defences. Ocean water level and sea level rise has also 
been shown to have a significant impact on hydrodynamics of reef and lagoon systems 
of PICTs (Hoeke et al. 2011; Blacka et al. 2019). This will result in significant long-
term changes in sediment transport and morphology of coastlines (Webb and Kench 
2010; Masselink et al. 2020), further impacting built coastal protection structures 
such as seawalls through processes such as undermining (supporting sand removed 
from under foundations of structures) and out-flanking (supporting sand removed 
from around ends of structures), and natural protection offered by vegetation. 

Increases in wave energy reaching the coastline (either through more intense 
cyclone events or through reduced nearshore wave breaking due to higher sea levels) 
may also have a significant impact on coastal protection structures. The required mass 
of rock or concrete armouring for seawalls and breakwaters for example, has a cubic 
power relationship to wave height (USACE 2002)—a 15% increase in wave height 
requires a 50% increase in the mass of coastal protection armour. Increases in demand 
for local rock adds further pressure both on local quarries and a finite extractable 
resource. This is especially true on small or non-volcanic islands, with increased 
sedimentation and deterioration of local waterways associated with such activities. 
With concrete production itself being a major contributor to global CO2 emissions 
(Habert et al. 2010), increasing demand for this is also counterproductive, and suffers 
the same finite supply limitations due to limits on locally available aggregates. 

10.4 Management and Adaptation 

10.4.1 Infrastructure Adaptation Options 

There are a range of solutions to the infrastructure vulnerabilities discussed above, 
summarized in Table 10.2 for each of the focus infrastructure areas. The major 
difference between the three classes of infrastructure and the adaptations that could 
be employed is the spatial scale and extent of the communities that they serve. Never-
theless the interconnectedness of infrastructure across the water-energy-food nexus
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means that it is vital that these potential adaptations are not considered in isolation. 
Maladaptation is a real risk from isolated adaptation approaches, for example sea 
walls that do not accommodate increased rainfall and flood risk can trap water on the 
landward side (McNamara et al. 2020; Piggott-McKellar et al. 2020). In the context 
of the water-energy-food nexus, there is limited benefit from adaptation of port facil-
ities if internal road infrastructure servicing the port does not have a similar level of 
resilience to climate change or extreme events. Failure of coastal infrastructure to 
prevent overtopping and erosion on shorelines will result in negative impacts on local 
food (household gardens, taro crops in low-lying areas) and water (shallow aquifers) 
resources.

An adaptation case study 
Avatiu Port on the island of Rarotonga (Figs. 10.4 and 10.5) is the main international seaport 
in the Cook Islands, processing 90% of total imported goods arriving via sea transport (ADB 
2014), as well as visiting international yachts and cruise ships. In 2012–2013 an ADB-funded 
project led to infrastructure improvements targeted at building climate resilience for the port. 
Prior to the upgrade, the port was restricted to ships with a maximum length of 90 m and draft 
of 6 m (Youdale and Tou 2013). The main wharf and quay were deteriorating and had suffered 
periodic damage from cyclones prior to the upgrade (Blacka et al. 2013).

One of the key features of the upgrade was rehabilitating the wharf deck including modi-
fying the design to improve drainage and allow for projected sea level rise. Importantly the 
new design ensured that future adaptation works could more easily be implemented (such as 
further raising of the wharf deck level). To address the risk of extreme waves, a new inner 
harbour rock revetment was constructed, and additional rock armour added to the breakwater 
to protect the northern end of the quay. Highlighting the interconnectedness of infrastructure 
with energy and food, the port works also included land-side improvements such as relocating 
and strengthening the stevedoring and cargo sheds and rearranging the petroleum handling 
pipes and hazardous materials area. The redevelopment of the port of Avatiu has undoubt-
edly improved the climate-security of supplies to the Cook Islands via seaborne cargo, which 
supports energy and food security of the country. Nevertheless, some climate risks to the 
facility remain and are still being identified. 

10.4.2 Pacific Strengths and Barriers to Infrastructure 
Adaptation 

Beyond technical aspects, the complexities in developing adaptive responses to miti-
gate climate change impacts on infrastructure vary across the Pacific region due 
to geophysical, cultural, social economic, and environmental differences between 
countries and islands. A ‘one-size-fits-all’ approach does not work for the region 
(World Bank 2016). Land tenure is a major consideration in providing infrastructure 
in PICTs. Communities have deep spiritual, cultural, and ancestral ties to land and 
water (Weir et al. 2017). There are examples of conflicts over water being based on 
land tenure in Kiribati where government control of land to create water reserves 
intersected with the interests of the traditional owners (White et al. 2008).
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Table 10.2 Potential adaptation options for climate change impacts on infrastructure 

Effect of climate change Impact on infrastructure Potential adaptation responses 

Marine transport infrastructure 

Changes to seasonal 
climatology such as winds, air 
temperature, ocean currents, 
and waves 

Implications for navigation 
and berthing of vessels 

Altered operating rules for 
vessels entering port, 
modifications to navigation 
channels, and harbour wave 
protection structures 

More frequent occurrences 
when vessels cannot enter port 
or safely transfer cargo to 
island barges 

Modify harbour facilities to 
provide additional shelter or 
safer passage during broader 
window of conditions, 
consider alternative/backup 
unloading facilities, increase 
storage of goods held 
on-island 

Implications for operation of 
cargo unloading equipment 
(such as cranes), cold storage, 
etc. 

Alter operations to 
accommodate periods of 
down-time, adapt 
cargo-handling methods to 
accommodate higher winds or 
air temperature, improve 
efficiency of cold storage 
facilities 

Sea level rise More frequent inundation of 
wharf facilities 

Structural changes to raise 
wharf deck levels and lift other 
infrastructure 

Increased wave conditions 
impacting port due to deeper 
water or increased winds 

More frequent maintenance of 
wave protection structures 

Modifications to wave 
protection structures 

Landward retreat of adjoining 
coast 

Protection of adjacent areas of 
coast (soft or hard), 
modifications to interface 
areas of wharves/surrounding 
terrain 

More intense cyclones More frequent and/or more 
intense storm surge inundation 
of wharves and other port 
infrastructure 

Raise level of wharf decks and 
other infrastructure, adapt 
land-side facilities to tolerate 
short periods of inundation, 
modify coastal protection to 
reduce impacts of wave setup 
and infragravity waves,  
modify cyclone preparations 
to accommodate more severe 
conditions

(continued)
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Table 10.2 (continued)

Effect of climate change Impact on infrastructure Potential adaptation responses

Larger waves and higher water 
levels impacting on coastal 
protection structures 

Raise and increase armouring 
of protection structures, 
increase maintenance top-ups 
of armouring, adapt protection 
structure designs to tolerate 
more intense conditions 

Additional wind damage on 
cargo handling and other 
land-side equipment/facilities 

Strengthen cargo handling 
equipment and storage 
facilities, modify cyclone 
preparations to accommodate 
more severe conditions 

WaSH infrastructure 

Changes to seasonal and 
annual rainfall cycles 

Water shortages due to 
insufficient storage 

Increase storage and 
catchment areas, more diverse 
water sources developed 

Reduced recharge for springs 
and freshwater lens 

Sustainable yields identified, 
more diversity in sources 

More intense rainfall events Increased flood risk and 
damage to infrastructure 

Diverse water supply sources 

Cross contamination of 
freshwater from sanitation 
infrastructure 

Improved water sources with 
less exposure to surface water 
inflows, improved design and  
siting of sanitation 
infrastructure 

Sea level rise Increased saltwater intrusion 
for freshwater lens 

Limited ability to adapt to this 
impact 

More intense cyclones Increased incidence of wave 
overtopping for freshwater 
lens 

Limited ability to adapt to this 
impact 

Extreme rainfall and wind 
speed damage to infrastructure 

Diverse water supply sources 

Increased temperatures Changes in microbial growth Wider use of improved water 
sources, wider use of system 
or household disinfection 
systems 

Increases in algal growth Improved catchment 
protection 
Mechanical and chemical 
treatment 

Engineered coastal protection infrastructure 

Sea level rise causing 
increased water levels at 
protection structure 

Increased frequency and 
volume of overtopping 

Raise structure crest to reduce 
overtopping or adapt 
backshore areas to tolerate 
higher overtopping flows

(continued)
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Table 10.2 (continued)

Effect of climate change Impact on infrastructure Potential adaptation responses

Larger waves caused by 
higher wind speeds or deeper 
water at protection structure 

Higher wave loading on 
armour units 

Place larger armour over 
existing units or create 
berm/beach in front of 
structure to induce early wave 
breaking and dissipation 

Increased frequency and 
volume of overtopping 

Raise structure crest to reduce 
overtopping or armour 
backshore to tolerate higher 
flows or create 
berm/breakwater/beach in 
front of structure to induce 
early wave breaking and 
dissipation 

Landward retreat of shoreline 
under rising sea level or faster 
lagoon currents 

Erosion of sand from around 
ends of protection structures 

Extend structure alongshore or 
re-align ends to accommodate 
new shoreline position 

Beach level lowers in front of 
structure 

Extend or create deeper toe 
(base of protection structure) 
using additional armour 
material (rock, sand-filled 
geotextile bags etc.), sheet 
piling or concrete 

Modified from Shand and Blacka (2017)

Pacific strengths around dialogue and the importance of relationships and reci-
procity suggest ways to approach infrastructure adaptation. Brown et al. (2018) show  
that the collective nature of iTaukei communities in Fiji provides for better ability 
to recover from natural hazards, and Macpherson and Macpherson (2017) docu-
ment success in government policies to manage water in Samoa, which was previ-
ously seen as a community owned resource. This success was attributed to the wide 
consultation process and emphasis on national interest, aligning with the importance 
of dialogue more broadly in PICTs. Similar experiences are occurring in the Cook 
Islands with major water supply and wastewater infrastructure development on the 
island of Rarotonga, again highlighting the importance of ongoing communication 
between government, donors, and other stakeholders. Chapter 11 covers traditional 
knowledge and its role in adaptation to the current climate change threats in the 
Pacific in detail. 

Institutional arrangements in the Pacific affect infrastructure provision and adap-
tation. For example, informal settlements are often not included in the service areas 
for water supply authorities (Anthonj et al. 2020). Additionally the PICTs have some 
of the highest rates of non-revenue water in the Asia Pacific with rates between 30 and 
60% (World Bank 2016). These high rates of non-revenue water also increase the 
operational expenditure, with particularly high rates in the Solomon Islands and 
Samoa leading to elevated costs of input water (World Bank 2016). Other institutional
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Fig. 10.5 Cyclone damage to Avatiu Port from wave and storm surge impacts (Reproduced from 
Blacka et al. 2013)

barriers include the scarcity of experienced professionals, insufficient resources for 
operation and maintenance of existing infrastructure and poor infrastructure plan-
ning (Baker and Week 2011). For example, Falkland and White (2020) suggest that 
long term performance of RO units in the PICTs has been poor due to these types of 
barriers. Issues with operation and maintenance of infrastructure (PRIF 2014) have  
day-to-day impacts, as well as reducing the resilience of PICTs to natural disasters, 
which will likely become more severe with climate change (Pacific-Australia Climate 
Change Science and Adaptation Planning Program 2014). 

One of the major constraints on infrastructure adaptation is that the ability to 
provide economies of scale through the Pacific is hampered by the geography of 
remote islands and distributed populations (Weir et al. 2017). Although tourism is 
an important part of the economies of many PICTs, most tourist infrastructure is 
private and of limited benefit to local communities (Baker and Week 2011; Pearce 
et al. 2018). Major public infrastructure investment relies on international donors 
and/or loans, which come with their own requirements and the priorities of donors 
(e.g., donor preferences may be for centralized infrastructure), and donor coordi-
nation can be poor (Baker and Week 2011). McNamara et al. (2020) found that
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the high performing adaptation projects tend to be delivered by local organizations 
and/or locally funded, highlighting the value that comes from sustainable community 
involvement in adaptation and the importance of decentralized/local infrastructure, 
regardless of the source of funding, particularly given the remote geography. 

10.5 Conclusion 

Infrastructure plays a vital role in the provision of water, energy, and food in the 
Pacific region. Significant investment is required to ensure the continued efficient 
operation of this infrastructure under a changing climate. Countries such as Australia 
and New Zealand may have sufficient economic and technical resources to achieve 
these outcomes. However, the physical and institutional challenges that face PICTs 
are substantial. Communities in the PICTs have a long history of living with climate 
variability and particularly distinctive aspects of Pacific culture, such as collec-
tivism, the importance of building relationships, and strong traditional knowledge of 
the climate, oceans, and land, can support resilience. The water-energy-food nexus 
is a useful framework for exploring infrastructure interdependencies, as shown in 
this chapter, because of the extensive linkages between infrastructure that supports 
multiple social and economic outcomes. These linkages are important day-to-day to 
support the livelihoods of Pacific communities but become even more vital during 
disaster response and recovery. With climate change expected to increase the preva-
lence and/or intensity of coastal and hydrological extremes, improving the resilience 
of infrastructure must be prioritized to further promote social and economic resilience 
in the Pacific. There are a number of steps that could be taken to improve the resilience 
of infrastructure in PICTs, thereby reducing the vulnerability of the Pacific population 
to threats to their water, energy, and food security.

• Framing infrastructure investment using the water-energy-food nexus is vital to 
ensure that the interconnectedness of infrastructure is not missed and to prevent 
maladaptation. Ad-hoc or individual infrastructure improvements will not increase 
the resilience of PICTs.

• Building knowledge and capacity within the region to: 

– Mainstream climate risk considerations as part of the initial design of new, 
and adaptation of existing infrastructure, such that integration with natural 
environmental systems and local knowledge is captured within designs, and 
that expertise is retained; 

– Improve design standards for infrastructure; and 
– Support maintenance of infrastructure across its functional life.

• Continuing to close the gap in scientific knowledge and use traditional knowl-
edge of island-specific processes, such that infrastructure interventions are fit-
for-purpose in terms of their own longevity, the service they provide, and the 
impact of the site-specific environment within which they sit.
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• Ensuring whole-of-life sustainability for infrastructure interventions and inte-
gration of engineering and nature-based solutions, such that climate adaptation 
works appropriately reflect the scale required, and due consideration is given to 
the specific environmental and cultural context. 
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Chapter 11 
Adapting to Change? Traditional 
Knowledge and Water 
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Future water adaptation approaches in the Pacific must be 
informed by traditional knowledge to enable the incorporation 
of localized, detailed, and historical knowledge and experience 
into contemporary management regimes. 

Abstract Pacific Islander communities need to maintain traditional knowledge and 
practice about their water systems, despite the ongoing legacy of colonial impact, 
in order to adapt to climate change where its impacts will significantly impact 
water quality and reliability. Without healthy water systems, Pacific communities 
will become increasingly vulnerable. Traditional knowledge has a role to play in 
building the adaptive capacity of islanders to water shortages and in adapting to 
climate impacts over time. While colonization, belief in God, and loss of traditional 
knowledge are barriers to effective adaptation, Pacific Islanders across the region are 
using existing traditional knowledge in combination with other knowledge systems 
to build resilience to climate change and innovative adaptation solutions. Approaches 
informed by traditional knowledge enable the incorporation of localized, detailed, 
and historical knowledge, and experience into contemporary management regimes, 
which then enable the development of tailored and appropriate place-based adap-
tation. Importantly, the use of traditional knowledge also strengthens community 
receptivity to adaptation initiatives. 
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11.1 Introduction 

Pacific Island Countries and Territories (PICTs) face an uncertain future as they 
confront the impacts of extreme and rapid onset events such as cyclones, droughts, 
or heavy rainfall, which have tested past and present coping strategies by Pacific 
communities to safeguard their water security. Globally, water security is emerging 
as a major issue: global water demand is increasing at approximately 1% per annum, 
whilst between 4.8 and 5.7 billion people are projected to live in areas that are 
potentially water scarce for one month per year by 2050 (UNESCO World Water 
Assessment Programme 2019). In the Pacific, a dependence on water resources is 
additionally affected by a combination of structural fragilities which increase popu-
lation demand for water and heighten inequality and poverty. In this context, climate 
change will place additional pressure on water resources and amplify water inse-
curity and risk. This chapter explores the cultural dimension of this challenge for 
PICTs by exploring how Indigenous and local knowledge (ILK)1 can be deployed 
to build water security and resilience. We argue that ILK will be central to future 
water management and security in the Pacific and to date its historical application 
has enabled locals to survive, prosper, and live for many generations. 

In the Pacific region ILK is being increasingly applied in management projects 
to combat climate change. For example, in the BoeBoe village, Solomon Islands, 
integrated traditional and scientific knowledge using participatory three-dimensional 
modelling (P3DM) is helping build responses to sea level rise (Leon et al. 2015) and in 
Tuvalu, traditional environmental knowledge has been used to assist policy makers in 
making adaptive decisions that reflect community risks and priorities, thus increasing 
the likelihood of community engagement in formal adaptation (Lazrus 2015). 

We build on this work but focus on how ILK about water can be used to build 
water security in a time of climate stress. We note the interconnectedness of water 
to food and water to energy and that ILK for water is intrinsically tied to traditional 
agriculture and sustainable use of the local environment. The scope of this chapter 
focuses on the water aspect of the WEF nexus with context for the WEF approach 
provided in Chap. 1. We first provide an overview of climate threats for the region, and 
then provide a range of examples that highlight the use of ILK into water management 
across the Pacific. Our analysis then reflects on the factors that drive and impact on 
the success of these water adaptation initiatives. In this section, we argue that while 
there are many responses to address the climate impacts on water in the Pacific, 
that adaptation to it is also affected by the historical influence of colonization and 
Christianity. These two historical factors have not only impacted on Indigenous 
and local knowledge systems but in reflecting their own knowledge systems, create 
barriers to community acceptance of water adaptation programs based on climate 
(and other) science. 

Ultimately, we argue that to achieve water security in the region it is crucial 
to acknowledge that numerous knowledge systems are co-existent in the Pacific:

1 For this chapter we use the term Indigenous and Local Knowledge (ILK), as employed by the 
Intergovernmental Panel on Climate Change (IPCC). 
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ILK, religious (Christian) and Western scientific knowledges. All these knowl-
edges co-exist to a greater or lesser extent depending on the place (island or even 
village context) and we argue that this represents a diversity which also brings a 
strength that can be harnessed to redress climate related water security issues into 
the future. 

11.2 Climate Impacts and Water in the Pacific 

PICTs are internationally recognized as highly vulnerable to an array of climate 
change impacts and related hazards. Systematic observations, research, and 
modelling have shown a range of climatic trends and associated hazards that have 
affected the region in recent decades. Such climate impacts are all the more acute 
given that 55% of the population in these countries live within 500 m of the coast, 
with 20% of those peoples living within 100 m of the coast. Predictions highlight that 
temperatures are likely to reach 1.5 °C between 2030 and 2052 (high confidence) 
(Watanabe et al. 2021; IPCC  2021) and sea level rise is likely to increase 0.5–0.6 m by 
2100 compared to 1986–2005 (Australian Bureau of Meteorology and CSIRO 2014; 
Church et al. 2013). Overall, these impacts will create abrupt changes in the climate 
variability of the tropical Pacific region (Kleypas et al. 2015) including changes 
in precipitation (Barnett 2011) and the El Niño Southern Oscillation (ENSO). The 
ENSO, often referred to as individual La Niña or El Niño events, is a natural multi-
year cyclical (as detailed in Chap. 5), but anthropogenic warming of the atmosphere is 
leading to increased uncertainty in the system and severity of weather-related events 
(Kumar 2020). For example, severe drought driven by a La Niña event in Tuvalu in 
2011 led to a state of emergency, with impacts including groundwater contamination 
and water rationing (McGree et al. 2016). By contrast, extreme rainfall can cause 
damaging floods (Kuleshov et al. 2014) with such events forecast to increase with 
increased rainfall during severe weather events known to be associated with human-
induced climate change (Kumar 2020; IPCC  2021). Cyclone frequency globally is 
projected to increase due to climate change (IPCC 2021, B.24; Christensen et al. 
2013), but this trend is not clear for the Pacific. However, it is widely agreed that in 
the Pacific, and globally, they will be more intense and damaging when they occur 
(Keener et al. 2013; IPCC  2021). Further, projected ocean warming and acidification 
(IPCC 2021; Wu et al.  2018) is causing ecosystem vulnerability in the southwest 
Pacific (Smale et al. 2019). The pH of the tropical Pacific Ocean is decreasing at a 
rate of 0.02 units per decade: projections estimate this may decrease by 0.15 units 
relative to 1986–2005 by 2050 (Hoegh-Guldberg et al. 2014). This will cause related 
impacts such as decline in coral cover (Hoegh-Guldberg et al. 2014), which will in 
turn impact fishing and greatly reduce food security due to the heavy reliance on 
marine sourced contributions to Pacific diets (Chap. 4). 

There will a number of direct impacts on both people and the environment that will 
include damages to health, water and other infrastructure, and people. For example, 
Cyclone Pam in 2015, not only disrupted ecosystems, but also destroyed 21 of the
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24 health facilities across the 22 affected islands (Esler 2015) with ongoing indirect 
impacts including an increase in the geographic ranges of vectors and increased 
pathogen loads in food and water (McIver et al. 2012). The three global biodiversity 
hotspots located within the Pacific region will also be affected, causing severe impacts 
on regional biodiversity (Taylor and Kumar 2016). As Kumar and Tehrany (2017) 
found in their assessment of 23 countries in the Pacific, 674 of the islands host at least 
one terrestrial vertebrate species that is either vulnerable, endangered, or critically 
endangered. 

However, notwithstanding the regional trends, it is crucial to recognise that climate 
risk profiles, as well as water security risk, will vary on an island-by-island basis 
(Kumar et al. 2020). This variation results from diverse island geography, geology, 
and topographic characteristics. In relation to water security, the main climate risks 
to which all islands are exposed are temperature rise, changes to rainfall regimes, and 
sea-level rise. There are also risks from tropical cyclones and drought, but these do 
not affect the entire Pacific in the same manner, for the reasons outlined above. Non-
climate risks further complicate water security (Chap. 2) and certainty for building 
resilience against current and future climate change impacts. The main non-climate 
risks are those due to increasing human demand for water due to the increasing human 
population increasing demand for water, food, and energy, changes in urban versus 
rural population demographics, and increased use for industrial and “development” 
of the country and economy. 

For the atoll countries in the Pacific, that do not have strong mountainous features 
(like some higher volcanic islands), the situation under climate change is especially 
challenging (Zack and Ronneberg 2003). Fresh groundwater lenses located in the 
shallow subsurface environment of oceanic carbonate islands and atolls throughout 
the Pacific represent the only naturally occurring potable water supply, where no rain-
fall catchment infrastructure exists (Chap. 2). The groundwater lenses have formed 
from rainfall percolating through the soil to reside in fragile hydrodynamic equilib-
rium with the underlying saltwater, separated by slight differences in density. During 
prolonged drought and increased demand for fresh drinking water, the lenses become 
thinner, and the sustainable withdrawal of fresh groundwater becomes limited by 
saltwater contamination. In limestone or coralline islands and atolls, such saltwater 
intrusion is a vertical phenomenon (Polemio and Walraevens 2019). Pumping wells— 
screened in the freshwater lens—can induce a vertical flow component from the 
underlying saltwater regions, causing the saltwater to migrate upwards and become 
intercepted by the pumping well. The development of fresh groundwater supplies 
under these circumstances has been problematic to island water authorities. Also, salt-
water coning during groundwater pumping agitates the interface, further widening 
the zone of diffusion and dispersion, and ultimately reducing the freshwater lens 
thickness. 

For many atoll countries in the Pacific, freshwater lenses are the only source 
of water (Chap. 2). Usually less than 15 m deep, they are recharged by rainfall 
and tend to float on the top of denser seawater (Zack and Ronneberg 2003). Many 
factors determine the formation of freshwater lenses on islands and atolls, in terms of 
their distribution, geometry, and permanence. Lenses are thicker on atolls with larger,
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more elevated landmasses and those receiving the greatest rainfall, evenly distributed 
throughout the year. Freshwater lenses are subject to many threats, in particular salt-
water intrusion, droughts, storm surges, unsustainable water abstraction, and coastal 
erosion (Klaver et al. 2019). These factors may change salinity levels of the lenses 
as well as reduce their size. Climate change will amplify these effects and impact 
water security (Chaps. 2 and 5). 

11.3 Traditional Knowledge in the Pacific 

The utility of traditional knowledge for adaptation is increasingly grounded in 
evidence (Nakashima et al. 2018; Pearce et al. 2015; Nursey-Bray et al. 2020; Bryant-
Tokalau 2018; Lebel 2013; Nunn et al. 2014; McNamara et al. 2020; 2016a, b), and 
internationally, there are calls to embrace Indigenous knowledge (IPBES 2019). 
The use of ILK can enhance scientific knowledge by revealing details within envi-
ronmental systems and plays a critical role in enabling resilience and facilitating 
adaptation to climate change (Finn et al. 2017; Huntington et al. 2017; Plotz et al. 
2017). Globally ILK is increasingly recognized as offering the opportunity to create 
locally appropriate climate adaptation strategies (Ford et al. 2016; Nalau et al. 2018). 
For example, Indigenous farmers in Bolivia and the Peruvian Andes assisted scien-
tists to discover links between El Niño and tropospheric cloud cover by deploying 
and sharing their knowledge about how to forecast weather patterns (Orlove et al. 
2002). In Mongolia, ILK is being used to respond and adapt to the changes in 
temperate dryland ecosystems (Tugjamba et al. 2021), and in Australia, there are 
many examples of how traditional knowledge is progressing adaptation, whether in 
the north (Leonard et al. 2013a, b; Bird et al. 2013) or the central desert (Nursey-Bray 
et al. 2013, 2020). Examples of the importance of incorporating ILK into manage-
ment include the use of Aboriginal fire management approaches in Australia (Bliege 
Bird et al. 2018), Sami knowledge of reindeer herding (Eira et al. 2013), rainwater 
harvesting in India (Bhattacharya 2015), and Indigenous farming methods in Africa 
(Basdew et al. 2017; Faye et al. 2021). 

Yet, despite the loss of components of ILK, the worldviews and ethics of many 
Pacific Islanders continue to be shaped by ILK. The Samoan way of life (fa’asamoa) 
for example, emphasizes the importance of collective wellbeing, the duties and 
responsibilities individuals possess to one’s family (aiga) as well as to their wider 
community (their village and Church). The practice of reciprocity is critical (Parsons 
et al. 2017). In other areas of the Pacific, people draw on multiple knowledge systems, 
particularly Christianity, scientific knowledge, as well as ILK, to explain and interact 
with the world around them (including their understandings of climate change, and 
how best to manage the security of their water and food supplies). For the Indige-
nous people from the small atoll island of Andra in Papua New Guinea, for instance, 
the Catholic Church now plays a critical role in daily life, beliefs, and feelings of 
belonging and social networks. In particular, women from Andra Island report that 
the Catholic Church’s women’s networks have created strong linkages within and
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between island communities and fosters a sense of community cohesion (both intra-
and inter-island). The sense of community and shared cultures (across clan and 
island groups), the women argue, is essential to them being able to work together 
and provide assistance to one another in times of crisis. In contrast, Andra Island 
men consider that it is their customary or traditional systems of governance (laws, 
decision-making processes, and socio-cultural institutions) that underpin their social 
cohesion (lack of inter-personal conflict and collective distribution of resources). 
This translates into high social capital. In particular, the men of Andra Island note 
how one person (known as the hausbois) on the council governs the clan representing 
each sub-clan group. However, the position of hausbois is restricted to men (as is 
the role of the chief) and women become excluded from decision-making processes. 
Accordingly, the Catholic Church’s women’s group provides women with an avenue 
to participate in discussions about community matters as well as plan for and respond 
to crises, including droughts and floods, effectively bypassing the patriarchal clan 
governance system. 

In some parts of the Pacific, particularly in remote locations away from large urban 
areas and western-style development activities, different communities continue to 
employ ILK as their central way to monitor environmental conditions, make deci-
sions about natural resource management, and manage environmental risks (Rarai 
2018). Farmers in Niue (Fig. 11.1) for example benefitted from inclusion of tradi-
tional knowledge (TK) in weather reports. In the Northern area of Pentecost Island 
(Vanuatu), ILK is still widely employed by Indigenous people to forecast weather 
conditions, enact natural resource management strategies, and reduce their vulnera-
bility to climate extremes. Individuals carefully observe cloud formations, winds, and 
waves, as well as the behaviour of plants and animals (all-important environmental 
indicators) to forecast weather conditions (months, weeks, or days in advance). 
Such an understanding of the interconnectivity of all living beings underpins Pacific 
Islander knowledge systems and parallels the holistic nature of ILK more generally 
as discussed previously by numerous scholars (Berkes 1999; Leonard et al. 2013a, 
b; Nalau et al. 2018; Nursey-Bray 2016). The next few sections present case studies 
which shed light on how traditional knowledge is being brought to bear on water 
management in the context of climate change.

11.3.1 Case Study 11.1. Water Management 
and the Northern Pentecost Island, Vanuatu 

Freshwater management is an ongoing challenge for the Indigenous peoples of 
Northern Pentecost Island (NP) due to natural variability of precipitation rates as 
well as increased variability associated with climate change; however, Indigenous 
communities are successfully employing a variety of ILK-based and western 
knowledge-based water management strategies to reduce their vulnerability to water 
insecurity. One issue faced in NP is how to store rainwater for and during drought 
events (such as associated with El Niño). Historically, the only source of water
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Fig. 11.1 Hakupu agriculture show day, Niue. Farmers in Niue benefitted from inclusion of 
traditional knowledge (TK) in weather reports (© Siosinamele Lui)

when the rivers and streams dried out (during extreme droughts), were the coiled 
roots of large trees that held water (tumu). Accordingly, many NP people recall the 
difficulties that they and their ancestors faced with water shortages during droughts. 
However, NP people traditionally used a variety of methods to store water and 
manage water usage to prepare for and manage drought conditions, which continue 
to be utilized to a greater or lesser degree in different villages on Pentecost Island. 

These include coiled roots of large trees, coconut stems, and dug ground wells. 
However, over the last two decades, the introduction of new knowledge about commu-
nity health (underpinned by scientific knowledge), as well as new technologies to 
parts of NP resulted in a shift away from water storage techniques based solely on 
ILK to one that incorporates multiple knowledges and approaches. The local people 
from Ahivo and Aute districts, for instance, continue to rely on rainwater for their 
water supplies, but now store their freshwater supplies (used for drinking and cooking 
only) in cement and plastic water tanks (that can store between 6,000 to 10,000 L of 
water). These new technologies help local villagers manage water more effectively 
during droughts, with nearly every household now having water tanks (Rarai 2018). 
Research participants observe that now, with the water tanks and careful communal 
management of water usage, villages typically possess enough water to last them 
throughout the dry season or drought event. 

Alongside new technologies, residents manage freshwater supplies (particularly 
during frequent drought events linked to El Niño conditions, worsening because 
of climate change) using a mixture of western technologies (water storage) and
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traditional water management practices. Rather than emphasize individual water 
rights and usage, water is collectively managed and strictly monitored. Water is also 
more freely available due to the introduction of western-style portable water tanks 
and containers. The combination of western water storage techniques and traditional 
methods of water management has meant that the Pentecost community is better 
prepared to respond to climate impacts on water. 

11.3.2 Case Study 11.2. Water and Food Adaptation 
Strategies 

A range of water adaptation strategies are being used in many regions. Onesomw 
Island, Micronesia, which is located in the Chuuk State lagoon, has already been 
affected by climate change, particularly during typhoons and high tide events. Fresh-
water supplies are affected by coastal flooding, drought, and saltwater intrusion. 
However, to address these impacts, the Onesomw community has drawn on its 
ILK and revitalized traditional wells and undertaken a range of management actions 
including (1) cleaning them, (2) planting buffer strips around them to stabilise banks, 
and (3) and installing covers on the wells to reduce pollution and contamination 
(McLeod et al. 2018). 

Increasingly, traditional farming practices are also being revitalized. The use of 
traditional knowledge in this way has enabled Pacific islanders to build food security 
and combat water insecurity. Some methods include shading crops with palm leaves, 
maintenance of trees around other plants to make shade and the use of seaweed for 
compost. For example, the Ahus people of Manus Island in Papua New Guinea have 
implemented revitalized crop practice, developed raised gardens, and instituted local 
water collection in drums and small tanks (McLeod et al. 2018). They have diversified 
their crops and raised beds to avoid saltwater intrusion and initiated aquaculture 
projects. Elsewhere in Palau, the GEF-SPREP Pacific Adaptation to Climate Change 
project has supplied and tested various varieties of salt resistant taro. Three national 
varieties have now been selected for wider use.2 In the Yap islands, community 
members have established a nursery using traditional composting techniques and 
in so doing have reduced reliance on depleted fish stocks, diversified food, and 
protected water supplies (Nunn et al. 2016a, b). Nalau et al. (2018) highlight extensive 
application of climate adaptation activities which have a strong ILK focus including 
crop rotation systems in Tanna Island in Vanuatu and historical climate adaptation in 
Samoa where traditional water rainwater harvesting has been strengthened to adapt 
to current challenges. Another example, as illustrated in Fig. 11.2, is in Tonga, where 
resident farmers are using TK to work out how to predict and manage rainfall and 
drought.

In Vanuatu, traditional knowledge has been deployed to build an innovative water 
adaptation program via music (Grant 2019). Port Vila, one of the world’s most at risk

2 See https://www.youtube.com/watch?v=MWXYRq11pZc. 

https://www.youtube.com/watch?v=MWXYRq11pZc
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Fig. 11.2 Young man tending his yam and taro patch in Nukualofa, Tonga. Tonga is now incorpo-
rating TK in practical outreach to farmers around rainfall predictions and drought (© Siosinamele 
Lui)

cities from climate change (Komugabe-Dixson et al. 2019) will experience (amongst 
other impacts) poorer water quality, intrusion of saltwater into freshwater systems 
and the associated impacts of floods and drought. In order to preserve their kastom, 
villagers relocated to a place called Luganville and decided to protect their knowledge 
via establishment of the Leweton Cultural Village. This move was meant to “enable 
and encourage the continued practice in the community, across all generations, of 
the language and cultural traditions of Gaua and Merelava” (Grant 2019, 44). One 
of these cultural practices is called “Etetung”. This means Vanuatu Women’s Water 
Music and is a form of water percussion. The practice of Etetung has enabled the 
articulation and keeping of cultural knowledge about water, its importance, and use 
for generations. It is a: 

sonic way of knowing and understanding the world, an acoustemology….as the women 
of Leweton represent in the water the sounds familiar to them through their experience of 
the world…a dolphin, falling rain on taro leaves, thunder, a waterfall, whale fish, skull fish, 
certain local species of birds, water ebbing back through the rocks at high tide—they manifest 
‘localized creative dialogue with the specificity of place’ through their performance. (Grant 
2019, 50) 

Today, the Etetung is a top cultural tourist attraction for Vanuatu, but more than 
that, it enables an active and contemporary expression of traditional knowledge about 
water. In so doing, the tourism it drives becomes in effect a form of cultural water 
adaptation for the community. It does so in two ways; first by preserving traditional
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knowledge through performance and second, it enables the purchase of important 
resources that will build ongoing adaptive capacity—financial returns have enabled 
the building and improvement of water and other infrastructure in the villages. As 
one of the villagers reflects in the context of the relationship between the Etetung, 
knowledge and adaptation: “Climate change changes everything about nature and 
us…if we keep our culture strong, we can keep our nature alive” (cited in Grant 
2019). 

11.3.3 Case Study 11.3. Drought Management in Abaiang 
Island, Kiribati 

On the island of Abaiang, Kiribati, a number of villages are vulnerable to the impact 
of climate related drought. Drought affects village health and well-being because 
freshwater becomes brackish, and hard to access over time (Sutton et al. 2015). 
Despite these impacts however, the residents of Abaiang have taken pro-active steps 
to plan for drought based on a commitment to work with the resources they have to 
build adaptive capacity. Implemented at village, household, and island levels, drought 
actions assist villages to make decisions about what they do both prior to and during 
droughts. This adaptation employs traditional knowledge to help islanders adapt at 
multiple scales. One strategy is to conserve fresh well water near houses, so that it is 
protected from contamination and so that during droughts it can be consumed without 
any adverse health impacts (Sutton et al. 2015). The drought planning for the island 
is operationalised by an eight-step communications plan, which is implemented via 
a network of village drought committees that undertake the required actions (Sutton 
et al. 2015). 

Actions at household level include by-laws, water monitoring, and identification 
of appropriate wells, including those where the owners are willing to share resources. 
Installation of pipes re-route overflows, and gutter and downpipes are put in and main-
tained. At community level, actions include the repair of leaks, weekly inspections, 
and community by laws to ration freshwater (Sutton et al. 2015). 

At an island scale, water is transported to vulnerable communities, people are 
temporarily relocated to areas of low vulnerability, and funds are allocated to improve 
and repair water systems overall (Sutton et al. 2015). Collectively, this case study 
reflects how groups of people work together to bring their knowledge and know-how 
to the mutual endeavour of protecting and maintaining their water supplies amidst 
climate-related drought events (Sutton et al. 2015). The actions taken by islanders 
in this case, show the capacity to respond and build adaptive capacity by harnessing 
existing resources in a creative and effective way.
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11.4 Discussion: Water Security in the Pacific—Barriers 
to Change 

It is clear that across the Pacific, different peoples are not only experiencing climate-
related water insecurity, but also using their ILK systems to address them. However, 
there exist other factors that affect contemporary adaptation in practice, and which 
need to be acknowledged before adaptation can fully occur. One of these factors 
is the legacy of colonization in the Pacific, and by association, the introduction of 
Christianity. This needs consideration in three ways: (1) the impact of colonization 
on ILK and traditional knowledge (TK), (2) the specific and lived reality of Chris-
tianity today, and (3) the privileging of Western knowledge and science (imported 
by colonization) which has occurred. All three elements shape and affect traditional 
approaches to a challenge like water security. 

In parts of the Pacific for example, Euro-Western imperialism and colonialism 
(be it British, French, Australian, New Zealand, United States, German, Spanish, or 
Japanese) as well as the arrival of Christianity since the eighteenth century onwards 
has caused massive changes to Pacific knowledge systems, laws, governance, and 
management approaches, and ways of life. The arrival of, and conversion to Chris-
tianity in much of the Pacific significantly altered ILK both in terms of its intergen-
erational transmission and day-to-day usage. Some places saw substantive reduction 
in the use of ILK as missionaries and Christian leaders sought to restrict or ban 
the use of what was called then “heathen” knowledge. Despite these impacts, it is 
important to recognize that Christianity is now an embedded and important part 
of many Pacific Island cultures, and an active living knowledge system in its own 
right. As such, Christianity is deployed as an additional knowledge system that is 
exercised alongside ILK. However, at times, these knowledges conflict as climate 
change becomes explained by and within religious, rather than traditional norms. For 
example, while many Islanders might attribute various impacts to climate change, 
they in turn attribute climate change per se to ‘God’s will’, believing it is ‘God’s 
punishment’, or a warning from God to behave better. Some see climate change as 
the harbinger of the end of times spoken about in some Christian traditions (Janif 
et al. 2016). In the Fijian village of Nawairuku, for example, the Bible remains a 
key authority and informs current adaptive strategies to climate change—sometimes 
supporting them and at others acting as a barrier to change (Currenti et al. 2019). 
The influence of religion is overlain in turn by the predominance of Western science 
and processes, which as another competing knowledge system, has similarly over-
taken traditional ones. In being prioritized and valorized by the colonizers, Western 
scientific knowledge has become entrenched in contemporary environmental and 
policy management modes. ILK and ways of doing things is not accorded automatic 
space to flourish. In practice, the parallel existence of Christian and Western scientific 
knowledge systems (effectively the living legacy of historical colonization) with ILK, 
fractures opinion and ideas around how to manage for the latest challenge—climate 
change.
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This shift in emphasis on what is ‘useful’ knowledge and the fact all knowledges 
compete now for attention in the contemporary world, has meant that local and 
traditional knowledge in some regions have experienced large scale decline in use as 
well as deterioration in content (Campbell 1990; Hetzel and Pascht 2017; Hofmann 
2017; Kuruppu and Liverman 2011). Many Samoans, for instance, do not widely 
employ ILK-based environmental information to forecast weather conditions and 
make decisions about natural resource management, even though they may be aware 
of such knowledge. Instead, they rely on the weather forecasts and hazard warnings 
produced by government or news media (which they receive via the internet, TV, and 
radio) (Lefale 2010; Mow et al. 2017; Nalau et al. 2017; Parsons et al. 2017). 

Such loss of ILK (particularly of environmental information) because of the intro-
duction of new knowledge systems, economies, technologies, educational curricula, 
and modes of living is commonplace. Indeed, the movement of people (temporarily 
or permanently) from rural to urban areas, people’s exposure to new ideas, technolo-
gies, and knowledges, as well as the adoption of different livelihoods, individually 
and cumulatively, result in people being less likely and less able to engage with 
their local environments (Davies 2015; Gharbaoui and Blocher 2016; Granderson 
2017; Hetzel and Pascht 2017; Kuruppu 2009). Further, lack of interactions with 
local environments (and unfamiliarity with environments particularly in the case of 
migrants) means that the information that used to be shared by elders is no longer 
accessed, especially their knowledge of how to monitor environmental conditions and 
formulate forecasts about weather conditions. Crucial information is thus not being 
applied to decision-making about how to maintain human security (food, water, phys-
ical safety) and responding to environmental risks (Carson et al. 2018; Haynes et al. 
2011; Leonard et al. 2013a, b). 

In other instances, the reliance on just one knowledge system can have maladaptive 
impacts. For example, the reliance on Western water technologies and approaches, 
and their implementation via top-down approaches mitigate their effectiveness on the 
ground. Without taking account of local knowledge about people’s way of life (e.g., 
gender roles, see Chap. 13), ways of managing and governing for, their understanding 
of and values about water, there is an implicit assumption from many donors that 
one size fits all. As a result, throughout the Pacific, adaptation strategies have often 
failed to reduce community vulnerability to variable water supplies (Le Dé et al. 
2018; Pearce et al. 2018). Not only does the reliance on technology mean there is 
diminished use of ILK, but that when there is a drought, local peoples suffer more 
than they would have in the past as they have stopped or lost the knowledge about 
traditional water conservation techniques. They are therefore more at risk such as 
when drought or a saltwater intrusion event occurs. 

Another significant dimension to achieving effective water adaptation is the fact 
that women’s ILK receives little attention. In many parts of the Pacific women hold 
unique ILK and it is essential for and tied to water and land security. Yet the imposi-
tion of colonization has changed male/female roles to privilege men. For instance, in 
many parts of Micronesia, land tenure is passed down the female line and a substan-
tive amount of ILK is held by women, whereas men’s ILK is associated with the sea 
and ocean and fishing/harvesting. Yet, men are the ones who the colonizers mandated
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Table 11.1 Diversity of adaptations by Pacific women at various scales 

Palau When citting grass, women leave parts of it to protect the 
ground 

Kosrae Palms leaves laid over soil 

Republic of Marshall Islands Mangroves and pandanus planted to prevent coastal erosion 

Kosrae and Chuuk Women rely on traditional knowledge and practice to manage 
drought including the drying and fermenting of breadfruo to 
offset food insecurity 

Pohnpei Knowledge held by women of locations of traditional wells, 
supports them to find potable water and build new shallow 
wells (summarised from McLeod et al. 2018) 

with positions of authority as government leaders or chiefs meaning that men occupy 
positions of power and women were (and still are) predominantly excluded from 
formal decision-making processes (at higher levels for both government and tribal). 
It is critical for those undertaking or supporting ILK projects (be it research institu-
tions, NGOs, governments) to include a diversity of participants within and across 
Indigenous communities (Aikman 2019; Berkes  1999; Ohmagari and Berkes 1997; 
Voeks 2007). 

There are several strategies by which this may be enacted—specific ILK held by 
women could be recognised and supported more by governments, researchers, and 
NGOs for a start (Mcleod et al. 2018). Pacific women are involved in adaptation 
projects at multiple levels and scales as shown in Table 11.1. 

However, getting Pacific women involved in such existing and new adaptation 
projects requires increased access to climate change funding and support from orga-
nizations to allow them to meet the requirements of international climate change 
grants (McLeod et al. 2018). Aid organizations need to ensure they are not just 
talking the talk but walking the walk in offering the appropriate assistance. Women 
from Pacific small island developing states could also be offered specific education 
and training to women’s groups to allow them to create strategic action plans, mission 
statements, learn financial reporting requirements, as well as general leadership and 
institutional training (Mcleod et al. 2018). 

11.5 Moving Forward: Co-existence of Knowledge 
for Water Security 

Different islands face different climate challenges, and have each experienced, and 
manifest a diverse composite of knowledge production and dissemination. Today, 
as a result of the long history of Christianity and colonization, multiple knowledges 
exist and are juggled in the Pacific—traditional (ILK), religious (Christianity), and 
Western scientific. In the Marshall Islands for example, climate change is under-
stood as a blend between clan magic, biblical exegesis, and scientific knowledge
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(Rudiak-Gould 2013). In others, as is the case in Tuvalu, climate change is an 
abstract concept, not real, too distant to worry about, or—as it is based in Christian 
belief—perhaps beyond one’s control anyway (Mortreux and Barnett 2009). Moving 
forward, we suggest that building water security in the Pacific will require the delicate 
balancing of multiple knowledges and ontologies. Taking a nexus approach to build 
this security across water, energy, and food systems places increased reliance in ILK 
as part of the balancing act, in recognition of these interconnected systems and their 
traditionally interconnected management and understanding, before colonialization 
and outside knowledge systems. As Barnett (2010) asserts, adaptation approaches 
require acknowledging of the plurality of perceptions and approaches about climate 
change so that they can enable the creation of locally appropriate responses that are 
sustainable over time and space. 

11.6 Conclusion: Recommendations for Ways Forward 

The future will continue to bring many challenges to PICTs and, as we have explored 
on a case-by-case basis, how these challenges are experienced will be differentiated 
and place-based. Water security, access to it, its quality and use will all be affected 
by climate change, but as we have shown, also by the ways in which historical and 
new knowledges work together to produce solutions. As with many other regions, 
there is a clear need to build adaptation—in this case for water—in ways that are 
tailored to local cultures and communities and align with cultural ways of knowing 
and being. In this context, adaptation approaches need to recognize that knowledge 
itself is a differentiated and sophisticated entity, with multiple knowledge systems 
vying for attention. Adaptation programs that create the entry point to allow a flexible 
weaving between and within different knowledges will work to their strengths, to 
create more robust adaptation overall. To ensure effective implementation however, 
working out ‘how’ to do it is not enough: working out ‘who’ will be implementing it 
will be of equal importance. In this context, developing effective, culturally appro-
priate—and palatable—modes of governance, will be essential, and ideally, will 
include local peoples so that local voices can be heard and represented in decision 
making processes. Building local agency in this way will have benefits in the water 
adaptation frameworks that will evolve. Finally, it is important to remember at all 
times that climate change as it manifests today, is a new challenge for us all. As such, 
enabling Pacific Islanders to be trained and equipped in how to adapt to this change 
in both Western scientific, as well as cultural management approaches will enable all 
parties, from local community groups, to international NGOS, politicians, and policy 
makers, to face climate change together. As such, we recommend the following for 
consideration in future planning for water adaptation in the Pacific.

• That water adaptation programs are tailored to the local conditions and specific 
likely and predicted climate impacts.
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• That Indigenous and local knowledge systems are recognized and appropriately 
incorporated into water policy and planning.

• That local governance arrangements include local people who can actively partic-
ipate in and bring their own perspectives and knowledges into the water adaptation 
and policy.

• That Pacific Islanders are trained in scientific management and knowledge so as 
to strengthen opportunities for integrated water planning. 
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Chapter 12 
Energy Transitions 

Richard Corkish, Sandip Kumar, and John Korinihona 

Cleaner, more autonomous, lower-cost, and more resilient 
futures are tantalizingly close for the Pacific peoples and the 
opportunities might be grasped if an analogue of the focus, 
urgency and camaraderie, and competitive-yet-cooperative 
spirit that has characterized the multinational race for 
COVID-19 vaccines in 2020 can be brought to bear on this 
other crisis too. 

Abstract This chapter addresses the opportunities for the Pacific region nations 
and territories to participate in the global transition from fossil to renewable energy 
supplies and, in so doing, gain greater autonomy, resilience and more equitable 
energy supplies and reduced contributions to the evolving crisis arising from exces-
sive atmospheric carbon. Most of the region’s jurisdictions have made little historical 
contribution to that problem but many are particularly vulnerable to its impacts. A 
set of critical energy capture and conversion technologies is examined in the Pacific 
context, as are some key energy services in actual or potential transition, before 
examining progress and potential for improved policy, regulation, and support, such 
as technical training. Much has been achieved but much remains to be done and a 
supportive multinational effort is required to realize the potential. 
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12.1 Introduction 

In the words of the World Economic Forum’s Global Future Council on Energy (Bond 
2020), “… the energy transition will unleash significant creative destruction, create 
large new opportunities for wealth formation, and will ultimately lead to greater 
prosperity and major societal benefits.” The IEA (2019) strikes a more sober tone, 
noting that “the energy world is marked by a series of deep disparities” including 
that almost one billion people remain without access to electricity and that the world 
remains reliant on fossil fuels. Arguably, the potential identified by the WEC is true 
for the PICs, for the reasons outlined in the chapters of this volume, but its realization 
remains challenging. 

There are many sources of hope. The renewable energy technologies for at least 
the start of the transition of global energy from fossil fuels exist and they are following 
rapid learning curves, driving costs below those of fossil sources. Globally, the incre-
mental cost of a new energy system was estimated to be 16% higher than business 
as usual, but the incremental benefits outweigh this by 3–7 times (IRENA 2019a). 
Improved end-use efficiency and renewables place incumbent energy industry partic-
ipants at risk of reduced incomes and stranded assets if they continue to invest in the 
status quo (Bond 2020). However, there are significant barriers to change, and global 
and Pacific policy-makers need to act more assertively to drive the transition, just to 
meet the requirements of the Paris Climate Change Agreement, let alone to deliver 
energy and other services to communities that lack them (Gielen et al. 2019). There 
is tremendous scope for major policy action and for enacting and implementing the 
intended transitions in energy efficiency and renewables (see Chap. 3). 

Access to infrastructure for achieving SDG 7 (Affordable and Clean Energy) is 
less in Oceania than in most other regions (Sachs et al. 2020). Figure 12.1 shows 
estimates for per-capita energy-related equivalent CO2 emissions in the region’s 
countries and territories for which data is available.

Clean grid electricity share has increased dramatically in many of the smaller 
grids but declined in some of the larger PICT networks (Fig. 12.2).

On the other hand, small island states in the region, among the countries that are 
the most vulnerable to climate change (UN-OHRLLS 2015), have performed well 
compared to the rest of the world on SDG 13 (Climate Mitigation) (Sachs et al. 2020). 
Access to electricity and to clean fuels and technology for cooking is quite variable 
across the region (Fig. 12.3) but it is likely that use of wood and waste biomass 
is under-reported (Johnston personal communication). We further note that energy 
security remains challenged by heavy reliance on fossil fuels (Johnston personal 
communication).

The Small Island Developing States (SIDS) will benefit most from the transition 
since their import of fossil fuels consumes 8% of GDP and many are extremely 
vulnerable (GCGET 2019; UN-OHRLLS 2015). The PICTs possess renewable 
resources to meet most of their domestic energy needs and the shift would cut import 
costs, promote sustainable development, and improve resilience. Renewables can 
promote social justice, human welfare, local empowerment and wealth creation,



12 Energy Transitions 251

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

Am
er

ic
an

 S
am

oa
 

Au
st

ra
lia

 

Co
ok

 Is
la

nd
s 

Fi
ji 

Fr
en

ch
 P

ol
yn

es
ia

 

G
ua

m
 

Ki
rib

at
i 

M
ar

sh
al

l I
sla

nd
s 

M
ic

ro
ne

sia
, F

ed
. S

ts
. 

N
au

ru
 

N
ew

 C
al

ed
on

ia
 

N
ew

 Z
ea

la
nd

 

N
iu

e 

N
or

th
er

n 
M

ar
ia

na
 Is

la
nd

s 

Pa
la

u 

Pa
pu

a 
N

ew
 G

ui
ne

a 

Sa
m

oa
 

So
lo

m
on

 Is
la

nd
s 

Ti
m

or
-L

es
te

 

To
ng

a 

Tu
va

lu
 

Va
nu

at
u 

W
al

lis
 a

nd
 F

ut
un

a 

Energy-related CO₂ emissions (tCO₂/capita) 

Share of renewable energy in total primary energy supply (%) 

Fig. 12.1 Energy-related CO2 emissions (tCO2/capita) for several PICTs and renewables shares 
in primary energy supplies Sachs et al. (2020) and Tracking SDG7 (2020)

public health, gender equality and educational opportunities, and contribute to a 
safer climate, supporting all 17 of the SDGs (IRENA 2017a). 

Others have reviewed energy transition issues for the PICTs recently. Dornan 
(2015), Taibi et al. (2016) and Weir (2018) reviewed renewable energy deployment, 
with Lucas et al. (2017) describing the implementation, results, and recommendations 
arising from a 2013 survey of stakeholders. The International Renewable Energy 
Agency’s (IRENA 2017b, 2020a) SIDS Lighthouses Initiative provides a frame-
work for action to support SIDS, including many PICTs, in the transformation to a 
resilient renewables-dominated energy system, primarily through partnerships with 
public, private, intergovernmental, and non-government organizations. An extensive 
two-volume report, “Framework for Energy Security and Resilience in the Pacific 
(FESRIP)”, was published in 2021 (Pacific Community 2021a, 2021b).
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Fig. 12.2 Evolution of clean electricity contributions in the main public utility grids operated by 
the members of the Pacific Power Association (PPA) since 2009/2010. Note that the Fijian utility 
is currently known as EFL—Energy Fiji Limited and that, in this figure, we adopt the definition of 
“clean” as used by the PPA (Source PPA Benchmarking reports PPA [2017])
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Fig. 12.3 Electricity and clean fuels and technology for cooking access for some PICTs
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12.2 Critical Energy Technologies 

To limit global warming to the Paris target of 1.5 °C, we need to dramatically 
and rapidly adopt renewable energy, modernize power grids, and improve energy 
efficiency through (Engel 2020):

• Renewable energy;
• Electric vehicles;
• Grid storage;
• Expanded and reinforced grids;
• Improved energy productivity;
• Green hydrogen;
• Electrification of manufacturing;
• Heat-pumps;
• Rail transport; and
• Carbon capture, utilization, and storage. 

All of these are relevant to the PICTs, though to a different extent in each 
country/territory, and some are already factored into their Intended Nationally Deter-
mined Contribution (NDC) plans (IRENA 2019b) but the PICTs face challenges to 
successful implementation of renewable energy projects: energy resources, human 
resources, institutional capacity, science and technology infrastructure, policy and 
legislation, and financing (Singh and Bijay 2020). 

This chapter will survey the evolving energy transition across the PICTs from 
traditional biomass and fossil fuel dependence to accessing indigenous, renewable 
energy opportunities; reporting on key international support instruments; and noting 
the range of policy ambitions and supporting regulations. We will highlight how the 
increasing affordability of renewable electricity and other renewable energy forms 
are impacting various end uses. 

12.2.1 Solar Photovoltaics (PV) 

It is common knowledge that research and development (R&D) and mass manu-
facturing innovations have been coupled for a dramatic cost reduction for solar PV 
(Fischer et al. 2020). For Australia, the levelized cost of electricity (LCOE) of utility-
scale PV fell 78% from 2010 to 2019 (IRENA 2020b) and solar power dominates 
the new (2014–2018) renewable energy installed capacity in the 15 PICT partners 
of The International Renewable Energy Agency’s (IRENA) Lighthouses Initiative 
(IRENA 2020a). 

This, underpinned by light emitting diode lighting technology (Cho et al. 2017; 
Lighting Global 2020) and mobile payments (IEA 2017) has already facilitated the 
replacement of almost all kerosene lighting (Vanuatu Department of Energy 2016; 
Prasad and Raturi 2020). Resorts, mini-grids, and health and telecommunications
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facilities are additional off-grid loads being supplied by PV, but for which there is 
still a large unmet demand (Prasad and Raturi 2020). 

PV is also being applied to cut fuel costs and reduce emissions in PICT grids (see 
Sect. 12.2.4) where operators allow and technical barriers to intermittent generation 
can be overcome. Fiji could consume 167 GWh by 2030 in three island grids (Prasad 
and Raturi 2020), allowing the country to surpass its NDC target (Fiji Ministry of 
Economy 2018). 

In the biggest regional market, Australia remains one of the top ten photovoltaics 
markets in the world, despite a lack of federal policy direction from 2013–2022, but 
encouraged by state governments and industrial and residential customers (APVI 
2020; Morton and Readfearn 2020). However, the industry is experiencing problems 
of delays, connection problems, and cost over-runs (Parkinson 2020). 

12.2.2 Water Heating 

Solar water heaters, in demand in PICT resorts and in the cooler and more affluent 
regions, are widely available. Supplementary heating, commonly from electricity 
or gas, is often included and may be effectively mandated in some jurisdictions to 
reduce risk of Legionnaires’ disease (Queensland Government 2020). Decreasing PV 
costs have greatly improved the feasibility of heating water with high performance 
heat pumps (air or water or ground coupled) running on PV-sourced electricity (Behi 
et al. 2020; Panagiotidou et al. 2020). Water heating can also to absorb excess PV 
electricity in case of restricted grid exports (Forcey 2015). Geothermal water heating 
is a third renewable approach (Vasiliev et al. 2017). See also, Sect. 12.2.5. 

There are extensive opportunities for advanced water heating in the PICTs but 
availability, higher capital costs, and access to technical and maintenance support 
are likely to limit growth in the near term. 

12.2.3 Wind Turbines 

Wind turbine hub height, rotor span, and power rating are all growing larger (Earnest 
and Rachel 2019) as the technology matures and onshore and offshore applica-
tions are increasingly competitive. Oceania experienced the largest LCOE reductions 
(54%) globally between 2010 and 2019 for onshore wind generation and projects 
are increasingly achieving LCOEs under USD 0.040/kWh (IRENA 2020b). 

Australia and New Zealand have installed significant amounts of onshore wind 
turbines in their grids (ARENA 2020a; EECA 2020). Wind is one of the two main 
replacement technologies retiring Australian coal-fired power stations but there are 
concerns that the growth of wind and solar might not be sufficient to avoid a shortfall 
in power generation (Adisa 2020). Grid access is constraining growth in Australia 
(Parkinson 2020), but the establishment of renewable energy zones (Heidari et al.
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2020; NSW Government 2020) will partially relieve this. A limiting factor for expan-
sion in New Zealand is impending oversupply following the closure of an aluminum 
smelter (Roy and AAP 2020). 

Wind resources are commonly regarded as being too small and/or inconsistent and 
turbines too prone to cyclone damage for many PICTs, but lowerable turbines have 
been successfully used in Vanuatu and were assessed to have acceptable payback 
periods if installed on other islands too (Singh et al. 2019; Joseph and Prasad 2020a). 

12.2.4 Micro-Grids and Small Grids 

High shares of renewable energy penetration in microgrids have become feasible and 
economically attractive over recent decades through rapid technology developments 
(Veilleux et al. 2020), accessible design support (e.g., GSES India 2015; HOMER 
2020) and documented examples (Bushlight 2010; HorizonPower 2020; ITP  2013; 
Maisch 2020; RMI  2021), although islands have special issues (Marczinkowski et al. 
2019). Learnings from other islands can inform developments in the Pacific (Bunker 
et al. 2020; Locke and Burgess 2020; Burgess and Goodman 2020). 

A review was undertaken of business models for the introduction of hybrid renew-
able energy to islands by Eras-Almeida and Egido-Aguilera (2019). They confirmed 
that there are vast opportunities to insert renewables into fossil-fueled microgrids but 
identified that some PICTs need to strengthen their weak regulatory frameworks and 
define suitable business models to promote renewable energy, involve private entities, 
and find alternative funding sources. IRENA (2018) identified the major technical 
challenges to integration of large fractions of renewables into small grids: generation 
adequacy; supply intermittency; system stability, physical limits of networks; protec-
tion systems; and power quality. They proposed planning approaches to overcome 
those technical concerns. 

12.2.5 Geothermal 

Potential uses for geothermal heat have been reported, ranging from bathing to elec-
tricity generation (Lund 2012). Resources were identified with high or moderate 
potential for electricity generation, in priority order, in PNG, Vanuatu, Samoa, Tonga, 
and Northern Mariana Islands, Fiji, New Caledonia and Solomon Islands (McCoy-
West et al. 2009). There is also a major resource in New Zealand, which has been 
extensively exploited. Papua New Guinea has a large population, unsatisfied energy 
demand, and a 22 TWh geothermal resource (Kuna and Zehner 2015). Lihir gold 
mine operates a 50 MW geothermal power plant but non-technical issues appear to 
be inhibiting further developments, particularly, policy and legal frameworks and, 
consequently, finance availability (PNG 2012; Mine.OnePNG 2020).
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Fig. 12.4 Mt. Yasur on the east side of Tanna Island, Vanuatu is in a zone of accessible geothermal 
energy (©Richard Corkish) 

Interest remains active for several nations (Petterson 2016) but an intended 
5MWe and potentially 10 MWe geothermal power station for Efate Island, Vanuatu 
(Geodynamics 2014) did not win a contractually committed offtake partnership to 
allow it to proceed to construction (Fig. 12.4). 

12.2.6 Hydropower 

Hydro power constitutes a significant share of dispatchable renewable energy gener-
ation in PICTs, including in the three most populous, Australia, New Zealand, and 
PNG (IHA 2019). Hydropower, after solar, constitutes the second most intensive 
(2014–2018) renewable energy technology in the 15 PICT partners of IRENA’s Light 
House Initiative. However, the global weighted-average LCOE of newly commis-
sioned hydropower projects has increased 27% relative to 2010 and installed costs in 
Oceania are high for large (>10 MW) hydropower (IRENA 2020b). In 2014–2018, 
18 MW of hydropower were installed in Papua New Guinea and 3.6 MW in Samoa 
(IRENA 2020a). 

Several small hydro power projects have been constructed and are in progress 
in the PICTs (IHA 2019), but the environmental conditions for project delivery and 
persistence can be daunting (Vanuatu Daily Post 2020). The 15 MW public–private 
Tina River project in the Solomon Islands is expected to reduce the country’s reliance



12 Energy Transitions 257

on imported diesel and aims to eventually provide 68% of the capital’s electricity 
demand by 2025 (Tina River Hydropower Development Project 2020) and allow it 
to overachieve its 2025 emissions reduction target. A recent resource assessment for 
the Fijian island of Viti Levu and Vanua Levu found that the potential for new hydro 
could be far greater than that previously identified (Singh 2020). 

12.2.7 Biofuel 

It is possible to run diesel generators on straight or blended coconut oil (Cloin 2007; 
Raturi 2012). Grid electricity on Efate Island, Vanuatu has had between 10 and 
25% local coconut oil supply supplementing its diesel fuel since 2011 (UNELCO 
2019). Raturi (2012) found that PNG, Fiji, and Solomon Islands could produce 
about 80 ML of coconut oil per year, potentially replacing about 71 ML of diesel. 
However, while the promise of coconut oil use in modified diesel engines or coco-
methyl ester in unmodified diesel engines is well known, there have been some 
cautionary experiences that should generate hesitation in encouraging rollout for 
remote community use (Johnston and Wade 2016). 

While there are significant opportunities to offset imported fossil fuel with locally 
supplied renewable coconut oil, progress depends on competing diesel costs. Some 
PICTs have developed plans to protect coconut supplies (Vanuatu Department of 
Agriculture and Rural Development 2016; Republic of Vanuatu 2019) but crops are 
threatened by cyclones (McGarry 2020), pests (Jackson 2017), and land competition 
(Charan 2020). 

Ethanol, from wheat flour or sorghum production, is available as a 10% mix 
in petrol in eastern Australia (E10 Fuel for Thought n.d.) and co-generation plants 
operate at several sugar mills which operate on steam produced from bagasse combus-
tion (Hussain 2017). Singh (2020a) found jatropha-based biodiesel production in Fiji 
to be economically unviable but pongamia biofuel production on marginal land was 
more promising (Singh 2020b; Prasad and Singh 2020). Bio-butanol, made from 
residual lignocellulosic feedstock or from molasses production, could save 71% of 
Fiji’s NDC target from sustainable biomass plantation and waste-to-energy (Singh 
2020b). 

12.2.8 Waste to Energy 

Industrial, agricultural, or municipal waste is not extensively converted to energy in 
the region although bagasse is exploited in Australian and Fijian sugar industries and 
some piggery and food waste is diverted (ARENA 2020b). Gases from municipal and 
human wastes are captured and recovered in the larger repositories and processing 
plants (ARENA 2020b, Bioenergy Association 2020; Joseph and Prasad 2020b) but  
there are many unused opportunities (Nadan 2020; Bioenergy Association 2020).
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According to Nadan (2020), incineration and anaerobic digestion are more viable 
than other waste to energy technologies for PICTs, due to their lower costs and higher 
efficiency. 

Bio-butanol, a petrol alternative made from waste lignocellulosic feedstock or 
from molasses production, could save 71% of Fiji’s NDC target from sustainable 
biomass plantation and waste-to-energy (Singh 2020b). The palm oil industry in 
Solomon Islands and PNG use waste oil palm fruit husks and shells as feedstock 
(Salomón et al. 2009), for heating of processing steam and for providing electricity 
for oil mills and staff housing. 

12.2.9 Energy Efficiency 

Few PICs have seriously pursued energy efficiency to help mitigate the challenges 
faced related to climate change and heavy reliance on imported diesel fuel. To address 
these issues, the Pacific Appliance Labelling and Standards program (PALS 2019), 
was intended to support ten PICTs since 2012 to implement Minimum Energy Perfor-
mance Standards and Labelling (Dethman et al. 2019), but the scheme is no longer 
active and seems to have not progressed beyond estimates of net energy savings 
(Johnston personal communication). 

Table 12.1 shows the MEPSL status for the 10 PICTs participating in PALS at the 
time of evaluation (2019). Five PICs had enacted MEPSL legislation and five had 
drafted legislation.

The PALS experience suggests that if the settings are right, PICs can bypass 
more conservative voluntary strategies and pursue legislation directly. Passing 
MEPSL legislation establishes a baseline of high appliance efficiency and does 
not preclude complementary strategies. Qualitative results from PALS and global 
MEPSL programs suggest PALS provided good value for money: the average cost 
per PIC was AUD 50 K per year (Dethman et al. 2019), but it faced many chal-
lenges, and its success was not uniform (Table 12.1). Concern remains about how 
the other PICTs enhance energy efficiency. A technical guideline has been published 
(SEIAPI/PPA 2020) to support renewable energy installers to undertake basic energy 
audits. 

At utility scale, PPA has implemented a benchmarking tool with assistance from 
the World Bank (PPA 2017), including data on generation, transmission, and distribu-
tion losses that could be used by the 21 member utilities to enhance overall efficiency 
(Nair 2019).
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Table 12.1 Status of MEPSL in participating PICTs participating in PALS 

PIC Status of 
MEPSL 

Date 
MEPSL 
in effect 

Appliances covered 

Refrigerators 
& freezers 

Air 
conditioners 

Lighting Other 

Fiji Enacted 1/2012 ✓ Proposed Proposed Televisions 

Samoa Enacted 5/2018 ✓ ✓ ✓ 
Solomon 
Islands 

Enacted 4/2017 ✓ ✓ ✓ 

Vanuatu Enacted 3/2017 ✓ ✓ ✓ 
Kiribati Final 

Draft 
2018 

N/A ✓ ✓ ✓ 

Cook 
Islands 

Draft 
2014 

N/A ✓ ✓ 

Tuvalu Enacted 4/2016 ✓ ✓ ✓ 
Tonga Draft 

2017 
N/A ✓ ✓ ✓ 

Niue Draft 
2018 

N/A ✓ ✓ ✓ 

PNG Draft 
2017 

N/A ✓ ✓ ✓ 

Data from Dethman et al. (2019)

12.2.10 Energy Storage Technologies 

Affordable, reliable, and sustainable energy storage is a core component of energy 
transitioning. A wide range of storage technologies have been developed (Koohi-
Fayegh and Rosen 2020), with differing levels of technological maturity, useful 
storage times, capacities, and costs. In particular, battery energy storage is in the 
midst of a revolution, with the workhorse of lead acid yielding market share to a range 
of newer technologies, most notably lithium-based and flow batteries, and costs are 
declining rapidly. Many storage methods may find application in the Pacific region 
but in the foreseeable future, batteries are likely to dominate, firstly in stand-alone 
and minigrid systems and later in grid connection, counteracting the intermittency of 
solar and wind supplies. Battery-free stand-alone solar water pumps (GSES 2015) 
are commonly designed to pump sufficient water to elevated storage tanks to satisfy 
demand despite intermittent availability of sunshine. Hydrogen will be required in 
future if the hydrogen-fueled applications mentioned below and in Chap. 18 of this 
volume penetrate the region.
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12.3 Energy Services in Transition 

12.3.1 Transport 

The vastness of the region, the sparseness of the population, the remoteness from 
major markets, and for many PICTS, a low level of transport infrastructure devel-
opment, challenging terrain, and frequent extreme weather events (MCST 2020) 
make land, sea, and air transport all vitally important but very energy intensive and 
expensive for the PICTs. The most vulnerable of the PICT population live on remote 
islands, for which maritime transport is often the routine way to connect to services 
such as health, education, and food supplies and are core to building economies 
(Pacific Community 2020). The reliance on imported fossil fuel for all three modes 
exacerbates the PICTs’ balances of payments (Juswanto and Ali 2016) and hastens 
climate change. 

12.3.1.1 Land Transport 

Recent years have seen dramatic improvements in performance (Yu et al. 2020) and 
availability of electric vehicles (EVs) globally, but to a lesser extent in the Pacific than 
in Europe or North America. The potential pioneers in the region, with accessible 
resources and market access, are Australia and New Zealand. While the latter’s 
national government is supportive of EV uptake (New Zealand Ministry of Transport 
2020) the former’s government has been simultaneously supportive (Department of 
Industry Science, Energy and Resources 2020) and disparaging (Remeikis 2019). 
On the other hand, Australia is trialing and accepting expansion of battery electric 
(Mazengarb 2020) public buses. Lord Howe Island, with its very limited, low speed 
road network, is potentially an easy entry point for high penetration of mass-market 
‘city-style’ EVs (Watson 2020). 

Road conditions in many PICTs may not suit the urban EVs currently available but 
stronger utility-style vehicles and conversions are entering the market (Jaunt Motors 
2019; Tancredi 2019; Schmidt 2021). Draft regional electric mobility policy and 
technical documents have been released, considering e-scooters, e-bikes, e-trykes, 
cars, light and heavy trucks, and buses, supported by renewable energy generation 
(PCREEE 2020). The study’s draft conclusions found potential for most forms of 
EVs, conditional on avoidance of large uncontrolled demands on small grids while 
vehicle-to-home and managed charging from on-site renewable energy generation 
are worthy of support now.
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12.3.1.2 Water Transport 

The International Maritime Organisation (IMO 2019) promotes improvements in 
shipping efficiency through the Energy Efficiency Design Index (EEDI) for new 
ships and the Ship Energy Efficiency Management Plan (SEEMP) for all ships. 

Castellanos et al. (2019) have reviewed promising energy options for shipping, 
including biofuels, methanol/hydrogen/ammonia, battery electric, wind, solar, and 
efficiency improvements. Biofuels are feasible now, as are hydrogen and its deriva-
tives. Battery-electric ships are viable for distances less than 95 km, provided 
charging infrastructure could be provided. Bouman et al. (2017) found that CO2 

emissions could be reduced by over 75%, using 2017 technologies, if policies and 
regulations were focused on achieving these reductions and alternative fuels are 
expected to become financially competitive in the medium- to long-term (Castellanos 
et al. 2019). 

Fiji, for example, is striving to significantly reduce its carbon impact from shipping 
(Nuttall et al. 2014; Goundar et al. 2017; Prasad and Raturi 2019) but non-EEDI 
compliant second-hand vessels are commonly used in PICTs. Nutttall et al. (2014) 
identify that perceptions of lower financial returns and the need for collateral restrict 
availability of finance for PICT trials of innovative technologies. On the other hand, 
measures such as hull cleaning and coating, propeller polishing, speed reduction, 
with a change to 5% biodiesel blend, are more likely to find acceptance (Prasad and 
Raturi 2019). A technical review by PCREEE (2020) notes that electrification of 
small, slow-speed vessels operating close to shore, small fishing boats, and tourist 
ferries could be financially viable now and in the near future. Shipping also provides 
opportunity for waste management as part of waste-to-energy and circular economy 
approaches to energy transitions (Chap. 9). 

The Pacific Blue Shipping Partnership (PBSP 2020) targets a domestic ship-
ping transition to zero carbon by 2050 with a 40% reduction by 2030 in PICTs 
through concessional loan investments to support low carbon infrastructure (ships, 
ports, energy supply, support infrastructure). Low-carbon passenger and cargo ferries 
are the first priorities, including “eco-diesel”, wind-hybrid, and electric propulsion, 
reducing energy costs by 20–80%. In 2019, electricity use and emissions were 
reduced for three PICT ports (17–27% decrease in electricity use), a solar array 
was fitted to a landing craft to supplement diesel-generated electricity (saving 87.5% 
of fuel costs), and a pilot project to install solar power on an interisland ferry in was 
completed (Pacific Community 2020). 

12.3.1.3 Air Transport 

The expanse of the Pacific Ocean generates significant demand for fossil-fueled air 
transport for passengers and cargo (Chap. 3). There are currently no available or 
near-term options, especially for long-distance routes, although hydrogen (Clean 
Sky 2 and FCH 2 2020; Hill 2020), battery-electric (Gnadt et al. 2019; Filatoff
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2020), biofuel (Gutierrez-Antonio et al. 2017; Zhou 2018), and lighter-than-aircraft 
for cargo (Hunt et al. 2019) are all topics of R&D and trials. 

12.3.2 Water Pumping 

Water pumping in remote regions has long been an application in which solar power 
has been competitive with fossil-fuel energy, particularly since the intermittency 
of the solar supply can commonly be compensated by provision of pumped water 
storage rather than by batteries (Aliyu et al. 2018). PV pumps are cost effective, 
quiet, clean and need low maintenance (GSES 2015; Sontake and Kalamkar 2016; 
Chandel et al. 2017) and, thus, highly suited to expanded application in the Pacific 
region. 

When information is unavailable and initial purchase price concerns dominate 
equipment choices, as is common for purchasers with low capital and poor access to 
credit, poor choices can result in high life-cycle costs (Sproul 2005; Sustainability 
Victoria 2015). A recent study of 17 UK water companies (Walker et al. 2020) found 
that, on average, companies could reduce energy inputs by 92% by reducing leaks, 
helping consumers reduce demand, reducing number of abstraction sources, and 
use of fewer larger treatment plants. There is little reason to expect that significant 
savings in energy costs are not also possible in PICTs. 

12.3.3 Crop Drying 

Food security (see Chap. 4) implies availability of preservation and storage of local 
food supplies which, implies access to local energy supply. Refrigeration is one 
method and may be considered simply as an electrical load and electricity supply, 
covered elsewhere in this chapter. Solar thermal drying is an alternative, cost-
effective, and sustainable method to conserve agricultural products (Curtis et al. 
2015; Udomkun et al. 2020) but there has been low social acceptance of solar crop 
dryers in the Pacific (Vanuatu Daily Post 2012; Ligo  2015). 

Geothermal heat, where easily accessible, might also be used to preserve 
agricultural produce (Nguyen et al. 2015) but is under-exploited. 

12.4 Energy Policy, Regulation and Support 

Politics and policies will affect and be affected by the energy transition to renewables. 
The Global Commission on the Geopolitics of Energy Transformation has studied 
the geopolitical implications of the global energy transformation and identified why 
renewables will transform geopolitics (GCGET 2019). Ubiquitous availability, with
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consequent democratizing effects, reduced supply disruption, deployment at any 
scale, low marginal costs, and rapidly falling capital costs. The PICTs will benefit 
most from the transition, but regulatory solutions are needed to ensure stability and 
profitability. Renewables offer PICTs an opportunity to leapfrog further dependence 
on fossil fuels and, in some cases, centralized electricity grids, like the leap over 
landline networks to mobile phones (GCGET 2019). 

However, change will not come easily or quickly unless barriers are removed, 
and opportunities are facilitated by public and private organizations. The transition 
in recent years for many small islands has not been proceeding well, with many 
becoming more vulnerable during 2010–2014 (Praene et al. 2019). 

12.4.1 Governments’ Planning 

While there are reasonable arguments that only a few of the region’s jurisdictions 
have had significant culpability in causing the climate change crisis, all have, never-
theless, joined with the global community to undertake their NDC measures (IRENA 
2019b). In September 2019, the 44 Member States, including 15 from the Pacific, 
of the Alliance of Small Island States (AOSIS) presented the “SIDS Package” at the 
UN Climate Action Summit in 2019 (AOSIS 2019). This package includes a set of 
initiatives and partnerships that address all the climate action areas highlighted at the 
Summit: energy transition, industry transition, infrastructure, cities and local action, 
climate finance and carbon pricing, mitigation, nature-based solutions, resilience and 
adaptation, social and political drivers, and youth and public mobilization. It included 
a collective commitment to update their NDCs in 2020, to achieve net zero emissions 
by 2050, conditional on receiving necessary international assistance, and to pursue 
100% renewable energy targets by 2030 (AOSIS, 2019). Renewable energy capacity 
is projected to boom in the SIDS, from 2.3 gigawatts (GW) in 2014 to 8.6GW in 
2030 (IRENA 2019b). The Pacific Community (2020) invests in renewable energy 
and energy-efficient technologies, an enabling environment for transport and energy 
security, and capacity strengthening, including supporting the drafting of the regional 
energy security framework mentioned in the Introduction. 

Lucas et al. (2017) analyzed the results of a 2013 survey of 32 PICTs stake-
holders in the region and identified and assessed renewable energy deployment 
challenges in six categories: resource data, policy and regulation, financing, human 
resources (including education and training), infrastructure (including standards and 
guidelines), and social/cultural issues. They went on to make recommendations to 
overcome these challenges:

• Donor support should move to capacity building and technical assistance;
• Capacity-building programs should be more comprehensive and also increase 

the offer of RE curricula within the existing education and training system (see 
Sects. 12.4.2 and 12.4.3);

• PICT grid stability studies should be undertaken;
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• Policy and regulatory framework should be developed targeting the leverage of 
private investments; and

• Data should be made more available. 

Similarly, Eras-Almeida and Egido-Aguilera (2019) identified, inter alia, that the 
least developed PICTs need to strengthen their weak regulatory frameworks and 
find appropriate business models to promote renewable energy and seek alternative 
funding sources other than foreign aid. The authors propose renewable energy service 
companies, competitive auctions, and tax incentives to achieve this. 

Fortunately, there has been some steps already taken in the jurisdictions with the 
greatest capacity. Fiji has been the subject of extensive study of renewable energy 
progress and options (Singh 2020a) to meet the country’s NDC (Fiji Ministry of 
Economy 2017, 2018), identifying complex and interrelated barriers, considering 
just finance aspects alone (Anantharajah 2019). New Zealand’s electricity supply is 
already around 80% renewable (NZ Ministry of Business, Industry & Employment 
2019) and a target of 100% renewable by 2035 (Woods 2019) and a legislated national 
goal of net zero carbon emissions by 2050 (NZ Government 2019). 

The jurisdiction with the biggest regional impact, Australia, has excellent avail-
ability of energy resources, with economically demonstrated solar and wind resources 
estimated to be 75% greater than its combined coal, gas, oil, and uranium resources 
(BZE 2015), available information and a well-regarded Integrated System Plan 
(AEMO 2020) for grid electricity in the eastern states and South Australia. It “sets 
out the optimal development path needed for Australia’s energy system, with deci-
sion signposts to deliver the affordability, security, reliability, and emissions outcome 
for consumers through the energy transition” (AEMO 2020). Non-government orga-
nizations have also generated credible plans (Butler et al. 2020) but it remains to 
be seen whether implementation will follow. State governments in Australia have 
shown strong interest in encouraging renewable energy developments in the context 
of economic recovery from COVID-19 (State of Western Australia 2020; NSW  
Government 2020; Victoria State Government 2020) but Australia is lagging other 
developed countries in shutting coal-fired electricity infrastructure and transitioning 
to renewables (ATSE 2020; Jones et al. 2020; Morton and Readfearn 2020). 

Solar (IRENA 2014; SolarGIS 2020; NASA  2020), wind (Global Wind Atlas 
2019), and geothermal (Coro and Trumpy 2020) energy resource data have been made 
more accessible in recent years, thanks to local and international efforts. Open avail-
ability of information, including realistic costs information (ITP 2019) and examples 
(ITP 2013; IRENA 2020a) is providing valuable support. 

12.4.2 Technical Guidelines for Renewable Energy 

In response to an absence of national standards, the Pacific Power Association and 
the Sustainable Energy Industry Association of the Pacific Islands (SEIAPI) devel-
oped 16 voluntary technical guidelines for the Pacific region (SEIAPI/PPA 2020)
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for designing, constructing, and maintaining PICT implementations of grid and off-
grid PV, PV/fossil hybrid, PV/battery, and micro-hydro systems. Additional guide-
lines have been produced for solar water pumping, solar water heating, control/data 
acquisition systems, and energy efficiency. However, an effective joint regional 
collaboration is considered important to create awareness and ensure in-country 
adoption. 

12.4.3 Training 

Training and knowledge exchange have long been identified as essential parts of 
successful energy transition (Gregory and McNelis 1994; Lucas et al. 2017). Over 
the last 5–8 years donors have spent in excess of USD 1 billion on solar projects in the 
Pacific region that included hardware (Keeley 2017) but there have been negligible 
amounts spent on training and capacity building (Stapleton and Kumar 2020). 

In 2011, SEIAPI and the University of the South Pacific formed the Renewable 
Energy & Energy Efficiency Training Competency Standards Advisory Committee 
(REEETCSAC) (Stapleton 2016). In order to obtain provisional certification, indi-
viduals must attend training courses that use the competency standards developed and 
approved by the REEETCSAC in their curricula. SEIAPI and PPA also introduced, 
and relaunched in 2014, the PPA/SEIAPI Certification/Accreditation Program, an 
industry-based certification and accreditation scheme for individuals and organi-
zations, supporting the development of a high-quality sustainable energy industry 
(SEIAPI/PPA 2020) and more are proposed. The EU-PacTVET project (Shaw 
2015) focused on training for climate change and sustainable energy and led to 
the development of courses for Certificate I, II, III and IV in Sustainable Energy. 

From 2018 to 2020, as part of the SEIDP (Sustainable Energy Industry Develop-
ment Project), SEIAPI/PPA ran 34 4-day workshops based on the technical guide-
lines (SEIAPI/PPA 2020) in 12 PICTs, benefitting around 638 different participants 
(Fig. 12.5). Also, under this project, two sub-regional workshops on PV Operations 
and Maintenance and SCADA were facilitated in 2018 for the utility members of 
PPA.

Furthermore, through SEIDP, PPA and SEIAPI updated old and developed new 
competency standards on renewable energy and energy efficiency under the Pacific 
Register of Qualifications and Standards (DFAT 2016). These standards are relevant 
to design, installation, operation, and maintenance of off-grid and grid connected PV, 
solar water pumping, solar water heating, micro hydro power, and grid connected 
PV/ battery systems and residential energy efficiency. 

In 2019, GIZ (2020) purchased for PPA a license to use GSES training resource 
material for four courses on grid connected PV, off-grid PV, PV/fuel generator hybrid 
systems, and grid connected PV with battery energy storage. Furthermore, using 
these training resources, GIZ supported development of a training center at Solomon 
Islands National University (Fig. 12.6) and facilitated Training of Trainers. Based
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Fig. 12.5 PPA sub-regional workshops in 2018, funded by the World Bank: a Solar PV Operation 
and Maintenance Training Workshop held in Samoa; and b Solar PV Operation and Maintenance 
Training Workshop held in Pohnpei, Federated States of Micronesia (Image credits PPA, SEIAPI)
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on the positive feedback of this initiative and upon reaching normalcy after COVID-
19 pandemic, there should a high possibility of expanding this support to other 
countries in the Pacific in the coming years, with a strong focus by SEIAPI to make 
more training avenues accessible for their members. 

The small but variable populations of the PICTs is a major challenge to having 
sustainable quality training programs delivered through the region. To mitigate this 
issue, in 2019, Pacific Region Infrastructure Facility (PRIF 2020) administered a 
regional training program scoping study in 2019, intended to investigate and confirm 
training needs in the energy sector which can be best addressed by a regional 
approach. During the time of writing, the recommendations and outcomes of this 
report were yet to be finalized but there are reasons to believe that the outcomes will 
accelerate regional training.

Fig. 12.6 GIZ-funded PV set-up for training by GSES in Solomon Islands (©Global Sustainable 
Energy Solutions Pty Ltd) 
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12.4.4 Aid Projects 

The effectiveness of aid projects is a major topic on its own and space does not permit 
its proper treatment here. Considering island communities, Hills et al. (2018) warned 
that innovation concerns, not just technology and economics terms, but also gover-
nance (Sandu et al. 2020), culture, and a multidisciplinary understanding is required 
for effective local responses. Their village off-grid solar case study indicates inade-
quate community engagement, management, maintenance, and monitoring, leading 
to poor outcomes, showing that some of the problems identified long ago (Gregory 
and McNelis 1994) have persisted. Improved planning of the socio-technological 
aspects could help strengthen communities’ resilience. On the other hand, there are 
examples in the region of excellent guides (Bushlight 2011; SEIAPI/PPA  2020; ITP  
2013) based on long experience and successful projects. 

Keeley (2017) identified that international aid supporting high renewable energy 
targets needs well-structured plans, effective regulatory bodies, and close attention 
to financial aspects of utilities. Encouragingly, Betzold (2016) observed a greater 
recent international aid emphasis on renewables for energy and on off-grid solar in 
particular, including on non-hardware aspects such as capacity building, training, 
and policymaking. 

12.5 Conclusion 

The PICTs, with a few exceptions, have small culpability for causing the climate crisis 
that besets the world, but are intensely threatened by its impacts. Consequently, they 
have a strong motivation and opportunity to participate very actively in the global 
energy transition from dominance of imported fossil fuel to a future with gener-
ally accessible, affordable renewable energy services, and improved balances of 
payments. While not evenly distributed across the region, there are abundant renew-
able energy resources in the region (Chap. 3) and in this chapter we have addressed 
many of the established and, in some case, rapidly improving, and emerging tech-
nologies available to convert the naturally available energy to electricity and other 
useful forms and make it available to Pacific populations. 

Significant advances have been made already, including the effective exclusion 
of kerosene from the lighting market and there are now opportunities for PICTs 
to bypass the fossil-fueled centralized electricity grid model in locations that did 
not already take that path, by overcoming the challenges and taking advantage of 
falling costs as outlined above. Capacity building policy and forming regulatory 
frameworks to leverage private investments are key enablers. However, much of the 
abovementioned potential remains unrealized due to mostly non-technical barriers, 
such as weak regulatory frameworks and inappropriate business models to facilitate 
financing and partnerships to mobilize and motivate public–private partnerships for 
the general community benefit, continuing to block the full benefits of the transition.
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Cleaner, more autonomous, lower-cost, and more resilient futures are tantalizingly 
close for the Pacific peoples and the opportunities might be grasped if an analogue of 
the focus, urgency and camaraderie, and competitive-yet-cooperative spirit that has 
characterized the multinational race for COVID-19 vaccines in 2020 can be brought 
to bear on this other crisis too. 
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Chapter 13 
Secured WEF and Gender: Better Data 
for Equality and Resilience 

Laura Imburgia 

Better informed WEF system analyses improve security, equality 
and resilience. 

Abstract Under increasing climate uncertainties and extremes, threats to water, 
energy, and food (WEF) security affect vulnerable social groups in disproportionate 
ways. In the Pacific region, women and girls continue to be disadvantaged in access to 
water, sanitation, and hygiene services; in their decision-making power over natural 
resources management, and in developing their full potential for economic autonomy. 
Gender disparities are usually based on structural inequalities rooted in cultural 
norms, social stratification, and relations of power. Sector analyses often do not 
adequately reflect how the WEF security nexus and gender interrelate. One main 
factor conditioning ill-informed sector analyses is the lack of sex-disaggregated data. 
The chapter briefly discusses availability of gender disaggregated WEF-related data 
in the Pacific region with a focus on the Pacific Small Island Developing States. It 
then proposes an integrative gender methodology for the analysis of natural resources 
management and agricultural development programmes for policy and project devel-
opment. Useful methodological tools for disaggregating data by gender are further 
discussed. 

Keywords Water security · Gender · Equality · Sex-disaggregated data ·
Gender-analytical framework · Pacific SIDS 

13.1 Introduction 

Increasing climate variability and increasing social stratification present challenges 
to sustaining livelihoods and community resilience in the Pacific Region. One of the
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results is the growing difficulty for large segments of the Pacific population to secure 
access to water and sanitation—being denied, in effect, a human right (UN 2010, 
2016). Likewise, energy poverty, particularly in rural areas, compromises efforts to 
make livelihoods more reliable and sustainable. Access to affordable and nutritious 
food poses similar challenges, especially in urban and peri-urban environments. 
Combined, threats to safe, reliable, affordable, and equitable access to water, energy, 
and food (WEF) affect the most vulnerable in disproportionate ways. Further, in 
Pacific communities, adaptive strategies and resilience are compromised by climate 
extremes and frequent natural disasters. 

Today, inclusion and equality issues related to water, in particular those of gender, 
rank highly in international policy frameworks and agreements. Although the rights 
and roles of women in water and sanitation services have received increasing atten-
tion in country policy and planning, in many countries, severe inequalities in water 
security persist (UNESCO WWAP 2021). Women and girls continue to be disadvan-
taged in access to water, sanitation and hygiene (WASH) services while simultane-
ously bearing the household burden of providing daily water needs. Moreover, gaps 
in the participation and leadership of women in water jobs and in water resources 
management are significant (World Bank Group 2019). 

Environmental and water policies largely overlook the unpaid care and domestic 
work responsibilities of women, exacerbating their difficulties for equal and mean-
ingful participation in and administration of the water sector. The critical part women 
play in the productive uses of water, including irrigation, related micro-enterprises, 
and employment in water-related jobs is still lacking adequate attention in practice 
(Das 2017). 

Social differences and inequalities, including those related to gender, are substan-
tial in the Pacific region (WFP and SPC 2018). Many women are disproportionally 
disadvantaged in terms of access to, use and control of water and other resources for 
food production and for livelihoods (CARE 2020). Disadvantages and constraints 
include that women remain underrepresented in political spheres and a large propor-
tion of women are subject to gender-based violence (UN Women 2014; ADB 
2016). Evidence exists about the gendered and social dimensions of water insecu-
rity (UNESCO WWAP 2021), food insecurity (Broussard 2019), and energy poverty 
(UN-Women 2017) which are often rooted in structural inequalities including differ-
ences in education, income and socio-economic status determined by social norms, 
social stratification, and relations of power (Broussard 2019; Imburgia et al. 2021). 
Accordingly, WEF security is a factor not only of gender but also of class, age, 
ethnicity, type of access, and locality among others. These dimensions compound 
other conditions of vulnerability, notably health conditions and disability (Mactaggart 
et al. 2021). 

Root causes of gender inequalities and different vulnerabilities are not always 
well understood due to incomplete or ill-informed sector analyses (Lefore et al. 2017; 
Imburgia 2019). Sectoral analyses often do not adequately reflect the intersections 
between the WEF security nexus and gender. This results in a poor understanding of 
how water, energy, and food security are gendered. The direct consequence is a lack of
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effective gender inclusion in policy and implementation with direct impact on invest-
ments for improvements in WEF. The main factor conditioning ill-informed sector 
analyses is the lack of sex-disaggregated data. This problem is further compounded 
by disparities in data availability in different Pacific countries (ADB 2016; CARE  
2020; Michalena et al. 2020). 

Water-energy-food security and gender inequalities are complex and multi-
dimensional issues, calling for an integrative analysis approach. How could gender 
disaggregated data contribute to the understanding of the interrelations between 
climate crisis, deficient access to water, sanitation, and energy, and secure liveli-
hoods? 

The following sections will briefly discuss availability of gender disaggregated 
WEF-related data in the Asia–Pacific region with a focus on the Pacific Small Islands 
Developing States (SIDS). It will then propose an integrative gender methodology 
for the analysis of natural resources management and agricultural development 
programmes for policy and project development. Useful methodological tools for 
disaggregating data by gender will be discussed. 

13.2 Gender and Sex-Disaggregated WEF Data Availability 
in the Pacific SIDS Sub-Region1 

The 2014 SIDS Accelerated Modality of Action (SAMOA) Pathway recognized the 
transformative and multiplier effect of gender equality and realization of human rights 
for women and girls on sustainable development, economic growth, and adaptation 
to climate change in the Pacific SIDS (UN 2014). Gender equality and a perspective 
on the empowerment of women have been guiding major country-donor activity in 
the region for the last decade (USAID, n.d.; World Bank 2012; DFAT  2016; MFAT  
2021). 

The SAMOA Pathway included an explicit commitment to “improve the collec-
tion, analysis, dissemination and use of gender statistics and data disaggregated 
by sex, age, disability and other relevant variables in a systemic and coordinated 
manner at the national level, through appropriate financial and technical support and 
capacity-building, while recognizing the need for international cooperation in this 
regard” (UN 2014). In recent years, significant progress has been reported from the 
Pacific region in conducting population and housing censuses and collecting house-
hold income and expenditure data (ADB 2016). On the other hand, few countries 
in the region have advanced the monitoring and evaluation of gender issues through 
statistics, due to weak technical and financial capabilities (ADB 2016). Some of 
the Pacific SIDS count on national statistical systems available online with statis-
tics provided, for example, by the Parliament (Fiji), by the Ministry of Finance and 
Economic Development (Kiribati), or by the National Statistics Department (Niue 
and Tonga). These sources provide mostly economic and demographic statistics.

1 Assistance in the literature review provided by Arianna Fusi, UNESCO WWAP Junior Consultant. 
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Gender data and the monitoring needs are to a large extent being bridged by 
global and regional donor agencies, and development agencies,2 which play a crit-
ically important role in assessing and generating disaggregated data and evidence-
based information for decision making (ADB 2016; UNESCAP 2021). Efforts are 
also addressing the necessity of better data quality and accessibility by supporting 
statistical innovation and capacity development.3 

The amount and quality of information available in each Pacific Island Country 
varies. The larger countries, by population size, tend to have relatively comprehensive 
information and datasets, and are also the ones receiving more attention in studies 
and development documents (ADB 2016). In general, gender disaggregated data 
availability in the Pacific SIDS is quite variable and, in many cases, updates are 
needed. Countries with the greatest need to update their gender disaggregated data 
include Nauru, New Caledonia, Niue, Palau, Tokelau, and Tuvalu. Other countries, 
such as Cook Islands, Federated States of Micronesia, Marshall Islands,4 Kiribati, 
Samoa, Solomon Islands, Timor-Leste, Tonga, and Vanuatu have more recent data; 
however, they also rely significantly on outdated resources (2010–2015). Fiji and 
Papua New Guinea are the countries with the most recent data (2018 and newer). 

Agriculture and fisheries are key development sectors providing major sources of 
livelihoods and food security in the Pacific SIDS. In 2020, 61% of the population 
was reported to be rural; on average, agriculture, forestry, and fishing represent close 
to 13% of the GDP of the Pacific SIDS that record this information, with some 
countries including Kiribati, Solomon Islands, and Vanuatu exceeding 25% of the 
GDP (World Bank, n.d.). In countries with a large representation of rural population 
and agriculture as the most important livelihood, disaggregated land tenure data 
provide an important proxy for gender equality. Revision of relevant databases and 
statistical resources5 indicated the following overall results: Cook Islands, Fiji, Palau, 
Papua New Guinea, Samoa, Solomon Islands, Timor-Leste, Tonga, and Vanuatu 
collect sex-disaggregated data on land tenure. Fiji and Papua New Guinea rank 
first in data availability regarding access to land, landownership, and land rights. 
Solomon Islands and Tonga mostly rely on general, non-disaggregated information 
on land tenure. The Federated States of Micronesia, Kiribati, Marshall Islands, Nauru,

2 Agencies and organizations with the largest involvement in collecting data are UN Women, FAO, 
the Asian Development Bank (ADB), and the World Bank. Water related data, in particular WASH, 
are largely collected by the JMP, World Health Organization (WHO)-UNICEF, CARE Australia, 
and the Pacific Community. 
3 The World Bank project “Statistical Innovation and Capacity Building in the Pacific Islands” imple-
mented by the Pacific Community—Statistics for Development Division (SPC-SDD) provides an 
example of such efforts: https://projects.worldbank.org/en/projects-operations/project-detail/P16 
8122. 
4 The ADB project “Promoting Evidence-Based Policy Making for Gender Equity in the Pacific 
(Phase II)” presents a compilation of key statistics disaggregated by gender in Marshall Islands. 
https://www.adb.org/publications/marshall-islands-gender-equality-overview. 
5 Databases and statistical resources included: Parliament of the Republic of Fiji, http://www.parlia 
ment.gov.fj/gender-data-hub/; Databank of The World Bank, https://databank.worldbank.org/home; 
Asia and the Pacific UN Women databases, https://asiapacific.unwomen.org/en/countries; PNG  land  
area data, https://www.land-links.org/country-profile/papua-new-guinea/. 

https://projects.worldbank.org/en/projects-operations/project-detail/P168122
https://projects.worldbank.org/en/projects-operations/project-detail/P168122
https://www.adb.org/publications/marshall-islands-gender-equality-overview
http://www.parliament.gov.fj/gender-data-hub/
http://www.parliament.gov.fj/gender-data-hub/
https://databank.worldbank.org/home
https://asiapacific.unwomen.org/en/countries
https://www.land-links.org/country-profile/papua-new-guinea/
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New Caledonia, Niue, Palau, Tokelau, and Tuvalu lack gender-disaggregated data 
on landownership. 

In the agriculture and fisheries sectors, gender disaggregated data on employment 
are some of the most available in the region, although with high variability among 
countries. These data are mostly available for Melanesia, Samoa, Tonga, and Timor-
Leste (FAO, n.d.; World Bank, n.d.). However, comparability is difficult as some 
countries have more fine-grained, specific data compared to the others, and not all 
countries use standardized parameters. Data on employment and roles of women in 
fisheries are available for Cook Islands, Federal State of Melanesia, Fiji, Papua New 
Guinea, Samoa, Solomon Islands, Timor-Leste, and Tuvalu. To a large extent, the 
information available on participation of women in fisheries belongs to country case 
studies and qualitative studies.6 

For water and sanitation data, all countries rely only on non-disaggregated data 
by household; some countries also include WASH data for schools and health facili-
ties (JMP, n.d.). Countries with higher availability of sex-disaggregated water and/or 
sanitation data include Fiji (data on access to water and WASH), Kiribati (access 
to drinking water and WASH), Marshall Islands (WASH for children and access to 
drinking water), Papua New Guinea (gender and water, irrigation and water collec-
tion), Solomon Islands (data on water deprivation and sanitation deprivation), Timor-
Leste (access to water and sanitation), Tonga (access to drinking water, time spent 
collecting water, sanitation), and Vanuatu (access to WASH). In the energy sector, 
data on access to electricity are usually collected at the household level, therefore 
gender differences in energy security are usually difficult to identify. Cooperation 
development in the energy sector is including gender considerations and the overall 
goal of accelerating progress towards gender equality in the sector (UNWomen 
2017; ADB 2021), although sex-disaggregated data collection to inform energy 
development investments is yet to be collected. 

13.3 The Need for Integrative Gender Analyses 
and Sex-Disaggregated Water Data—Available 
Methodological Tools 

The 2030 Agenda for Sustainable Development with its 17 Sustainable Development 
Goals (SDG) provided a roadmap for countries and asked for their commitments to 
overcoming poverty (SDG 1) and food insecurity (SDG 2) by investing in rural 
areas, supporting agricultural livelihoods, including fisheries (UN 2019), promoting 
sustainable and inclusive access to energy (SDG 7), and promoting strategies to 
cope and adapt to climate variabilities and change (SDG 13) while protecting marine 
(SDG 14) and land (SDG 15) resources. Relevant to all SDGs is the call for secured

6 Contributions can be found in the Women in Fisheries Bulleting from the Pacific Commu-
nity Coastal Fisheries Programme, available at https://coastfish.spc.int/en/publications/bulletins/ 
women-in-fisheries/510. 

https://coastfish.spc.int/en/publications/bulletins/women-in-fisheries/510
https://coastfish.spc.int/en/publications/bulletins/women-in-fisheries/510
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water and sanitation access and sustainable water resources management (SDG 6) 
with special considerations to the role of women and girls in securing water for their 
households and families and overcoming gender inequalities (SDG 5). As a necessary 
input for integrative analyses, relevant data must be disaggregated by gender as called 
for in target 17.18 of SDG 17. 

Recent reports assessing the achievements of the SDGs in the Pacific Region indi-
cate slow progress toward the achievement of the critical SDGs for the Small Island 
Development States,7 including SDGs 2, 5, 6, 7, 12, 13, 14, 15, and 17 (ADB/UN 
Women 2018; UNESCAP 2021). There is a clear and present need to re-think devel-
opment programmes and reinforce holistic, integrative approaches. Secured water, 
energy, and food, and gender equality are intrinsically linked, hence the related 
SDGs should be analysed together to more realistically identify driving factors and 
root causes for vulnerabilities and inequalities. The specific linkages between water, 
energy, food, and gender equality need to more explicitly be recognized and addressed 
in implementation actions for SDGs. 

Better informed, more effective planning, and implementation require method-
ological approaches able to capture the intersections between the social, technical, 
and environmental dimensions interplaying in water, energy, and food. Furthermore, 
accurate analytical methods and tools need gender disaggregated data to under-
stand women’s and men’s (and other groups) different access and use of resources, 
diverse roles and responsibilities, and the social and cultural constructions they are 
based upon. Accurate gender disaggregated data are also needed to reduce and avoid 
misconceptions of needs and priorities of different groups, especially women. When 
these analyses include disaggregated data not only by gender but also by other dimen-
sions of differences, whether age, locality, socio-economic, and vulnerability condi-
tions, they become useful tools for designing programs to promote resilience and 
sustainable livelihoods (Thompson-Hall et al. 2016). 

Although disaggregated data are still sparse in the Pacific Region, it was possible 
to identify that in Solomon Islands, Marshall Islands, and Tonga, 60% of the admin-
istrative and clerical staff officers in government fisheries departments are women; 
however, only 18% of women work as researchers or managers roles in those offices 
(Michalena et al. 2020). Proper analyses must identify and describe differences within 
the islands, which are characterized by very high geographical, environmental, and 
socio-cultural diversity. Moreover, these analyses should note traditional knowledge 
and gender roles in daily life and also in decision making, which determine to a large 
extent those socio-cultural differences. Unless more complete and disaggregated 
data are incorporated in policy, planning, and implementation, advances in gender 
equality and inclusivity will continue to be unacceptably slow and insufficient.

7 According to UNDESA, related SDGs for SIDS include SDG 2, 5, 6, 7, 12, 13, 14, 15 and Available 
at: https://sdgs.un.org/goals. 

https://sdgs.un.org/goals
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13.3.1 An Integrative Methodological Framework for WEF 
and Gender 

To address the need for comprehensive and better-informed analyses, the use of an 
integrative gender methodological framework to examine WEF systems is proposed 
that combines the technical dimensions of WEF systems and management, and the 
social relations dimension of WEF governance (see Imburgia 2019 for a full descrip-
tion).This approach has a focus on the results and practices determined by social 
behaviour and interactions, notably, gender access, gender roles and relations, and 
the effect on livelihood strategies. 

This framework concentrates on the intersections and nuanced relationships of 
the technical and social relations aspects of natural resource management (NRM) 
(of which WEF systems are a part) in three key variables: access, participation, 
and decision making. This framework was motivated by the analytical approach of 
the feminist political ecology (FPE), which aims at capturing the social differences 
and inequalities present in ecological, economic, and development processes due to 
social relations of power (Rocheleau et al. 1996; Elmhirst  2015). In order to intro-
duce robustness to the “ecology” aspect of the FPE framework, the methodological 
approach was combined with the conceptualization of NRM system managed collec-
tively as a social-ecological system (SES) of diverse complexity (Anderies et al. 
2004), including their interactions and outcomes (McGinnis and Ostrom 2014). For 
the further construction of this framework, appropriate elements of the social rela-
tions framework (Kabeer 1994) were incorporated to more accurately examine gender 
social interactions that condition uneven access to resources, imbalance in power, 
and decision making. 

By combining selected elements of the three theoretical ideas, FPE, SES, and 
social relations frameworks, the integrative gender-analytical approach allows exam-
ining the nuanced dynamics of social relations that drive the processes and outcomes 
of NRM governance (see Fig. 13.1).

By applying the methodological framework, four outcomes (see bottom of 
Fig. 13.1) synthesise the core elements of the functioning of NRM, including WEF 
systems: (1) security of access to the resources (be these water, energy, food); (2) 
security of livelihood strategies; (3) autonomy for decision-making and for finan-
cial sustenance, and (4) adaptive strategies to environmental, climate, economic, 
policy, and other changes. The analysis of these outcomes provides key entry points 
to explain why and how gender differences shape access, use, and participation 
in resources governance. These outcomes are useful to organize and analyze the 
empirical evidence. The analysis of these interrelated outcomes allows for a detailed 
account of the processes of gender differences and inequalities in the sector under 
study. Importantly, this methodological approach helps to identify entry points for 
policy and planning implications and highlights critical areas where disregarding 
gender issues will increase the likelihood of WEF systems failure.
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Fig. 13.1 The integrative gender-analytical approach to natural resource governance (Source 
Imburgia 2019)

The fisheries sector of the Pacific SIDS is suitable to illustrate the use of the 
framework. This sector integrates complex resource systems related to water, biodi-
versity, food security, and livelihoods, adaptation to climate change and governance. 
The largest portion of the global workforce in fisheries and aquaculture (85%) is 
located in Asia; Oceania accounts for 1% of this global workforce (FAO 2020). 
In the Pacific SIDS, fisheries have a critically important role as a main source of 
food, employment, and income generation (Charlton et al. 2016). Women involved 
in the marine resource are key actors in these systems. Their involvement influ-
ences management results shaped by their knowledge and traditional expertise, but 
also by cultural norms and beliefs that influence their role in the sector value chain. 
For example, traditional beliefs in the region hold that fisheries are a male domain 
(Harper et al. 2013; Michalena et al. 2020) with men mostly involved in the commer-
cial fisheries and in deep-sea fishing (Makhoul 2021), and women mostly filling 
roles in subsistence fisheries (Harper et al. 2013). It has been observed that women 
harvesting and selling marine products such as mussels and seaweed close to shores
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are not considered fishers (Thomas et al. 2021), and in many cases the resource is 
under male control (Michalena et al. 2020). 

On the other hand, social changes evolving from every day practices are increas-
ingly evident. Examples are fish farming in Fiji (Michalena et al. 2020) and the tuna 
fishing in Solomon Islands (Barclay et al. 2020), in which women are increasing 
their participation at commercial and management levels. This appears to result in a 
higher level of female agency and empowerment. The increasing presence of profes-
sional women in the governance of the Pacific marine economic sector, including 
governmental agencies for the marine and fishing sector, and as retailers of fishery 
products in cities improves the visibility of the contribution of women to the sector. 
Still, the support to women in fishing is mostly focused on improving their technical 
skills, processing, and marketing; efforts are less oriented to support the managerial 
abilities of women (Michalena et al. 2020). Male leadership continues to dominate 
the marine and environmental management. 

Legal frameworks for property ownership determine security of access for women 
and men. Even though the Kiribati Constitution determines that women have the same 
rights as men, cultural practices result in women not being represented in decision 
making for the nearshore, the main area of fishing for Kiribati women; these areas 
are under the control of the Island Councils, instances in which women have only 
3% of the seats (Gotschall 2020). Similarly, the traditional systems of village council 
in Samoa—mostly led by men-, influences the communal management of fisheries 
and marine resources (SPC 2018b). Studies in Solomon Islands indicate that even in 
matrilineal descent systems, customary traditions of decision making over land and 
marine areas continues to be based on male leadership (SPC 2018a; Lawless et al. 
2019). The underrepresentation of women in community decision-making processes 
and coastal management activities result in the vicious cycle of maintaining women 
in poverty and increases the gender gap in employment, and worsen issues such as 
domestic violence (Gotschall 2020). 

Security of livelihoods, therefore, is also linked to the differentiated roles of 
women and men in production and management of resource systems. When analyzing 
gender roles, traditional division of labour in male and female roles is found; reports 
tend to identify men occupying roles associated with fishing, heavy physical labour, 
and positions with authority and high remuneration. Women are more associated with 
fish and sea products processing, informal cooking, retailing in domestic markets, 
and business administration. They are poorly represented in positions of high remu-
neration and authority. Women are highly involved in subsistence catch activities 
in Melanesia (80%), while only about a quarter of these activities are performed 
by women in Micronesia and Polynesia (Harper et al. 2013). Women tend to have 
only basic fishing equipment and mostly lack motorized vessels, which limits their 
fishing income options (Makhoul 2021; Barclay et al. 2020). Therefore, social rela-
tions, in particular those of gender also determine the degree of autonomy, thus the 
capacity to effectively exercise agency that women can have to make their own finan-
cial, personal, and managerial decisions. In the Solomon Islands, it was found that 
women tend to have fewer livelihood alternatives to opt than men; likewise, women
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were found having less involvement in decisions related to communal resources and 
social issues (Lawless et al. 2019). 

As livelihoods strategies across the Pacific SIDS are highly linked to agriculture 
and fishing, adaptive strategies to changing conditions due to climate variability, 
unpredictable weather patterns, and climate extremes are critically important. Food 
systems and water and energy infrastructure are prone to destruction; increasing 
urbanization also determines changing livelihoods (ADB 2020). Women, who are 
more involved in informal employment and low value activities as described above, 
may face more challenges to secure their livelihoods. 

13.3.2 The Need of Gender Disaggregated Data 
for Monitoring Impact and Progress in Equality 

These examples demonstrate the critical need to collect and analyze gender disaggre-
gated data for more realistic analyses. The analytical approach proposed here allows 
diverse methods for the collection and use of sex-disaggregated data in order to 
obtain robust empirical evidence for decision making. The use of disaggregated data 
by gender allows for the important task of assessing impact of policy and projects 
but also of measuring progress in gender equality commitments. The results of such 
analyses are useful to inform development investment decisions. It is important to 
understand whether, for example, water services are reaching more people of different 
groups, or improvements in management of farming or fishing resources are being 
equitably distributed; who is able to afford water services and energy, and who is not. 
These data, when informing programs, contribute to close the persistent gender gaps, 
to better address water, energy, and food needs, leading to fairer and more resilient 
communities. 

With this purpose, UNESCO WWAP has developed a methodology, indicators, 
and tools for the collection and analysis of sex-disaggregated data to tackle the infor-
mation gap on water and gender (Miletto et al. 2019). The 2019 edition of this set of 
tools includes 105 gender-responsive indicators on ten priority topics aligned with 
the SDGs and aims to help decision makers adopt data-driven water policies that 
can transform gender inequalities across development dimensions including gover-
nance, climate, migration, agricultural production, education, and health. Through 
the application of the WWAP Toolkit it was possible to identify that women acting 
as secretaries of water users organizations in Cundinamarca, Colombia, were the 
ones making water managerial decisions, despite those organizations being presided 
by men.8 In an extensive study of the participation of women in academia, science, 
and management of water resources in Argentina, the application of the WWAP 
methodology and indicators allowed to set discussions about the need to include

8 Results report on the research study “Participation of women in water management in rural areas: 
case study in Cundinamarca, Colombia”, conducted by the Institute of Environment of Florida 
University with support of UNESCO-IHP and UNESCO WWAP, 2021 (unpublished). 
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disaggregated water data at the ministerial level and promoted the mainstreaming of 
a gender perspective into water infrastructure and service programs (Imburgia et al. 
2020). Application of the toolkit to water, energy, and food sectors in the Pacific 
would provide much needed standardized data across the region. 

The WWAP Toolkit has gained international recognition in water and develop-
ment, having been endorsed by a 2018 resolution of the Intergovernmental Council 
of UNESCO IHP and a renewed resolution in 2021.9 The flexibility in adaptation 
of these tools to different and interlinked development sectors have resulted in the 
international recognition of the WWAP Toolkit as a useful tool to complement the 
efforts towards national and global monitoring of gender equality in WASH (JMP, 
n.d.; Caruso et al. 2021). The application of the Toolkit extends not only to the water 
sector but to other resources management areas including food production, tradi-
tional knowledge and customary rights, and participation in governance, employment 
and education in water and energy sectors (Miletto et al. 2019). The flexibility and 
ability to apply the WWAP Toolkit across interlinked sectors makes it highly suited 
to integrating gendered data and gender-informed decisions into a WEF security 
approach. 

13.4 Conclusions and Final Considerations 

Integrative gender analysis is required to make gender inequalities visible in natural 
resources management studies and to uncover the considerable potential for synergies 
realized in integrative programs and in gender-responsive policies. The risks of ill-
informed studies for those vulnerable to water, food, and energy shortages seem to 
be clear. 

Importantly, securing water, energy, and food require practical inclusion strategies 
to build resilience. It is vital that these strategies are effectively informed, planned, 
and applied recognizing and using the knowledge and capacities of all members of the 
communities. Disaggregated data by gender and other socio-economic dimensions 
of difference are key inputs for better informed policies and programs. Well-designed 
studies require disaggregation of gender data and statistics also by specific production 
sectors (agriculture, fishing, forestry), due to their differential roles and dynamics 
(Michalena et al. 2020). 

Ultimately, the advancement of gender equality in all development areas including 
the WEF nexus requires to purposely work on enabling strategies to improve the pres-
ence of women both in number and in meaningful participation in decision making. A 
critical step towards this end is to make knowledge accessible to women. Experiences 
in the region indicate that this can be successfully done through agricultural exten-
sion programs (Akter et al. 2020), on-the-job training, and recruiting more women 
to careers that relate to the technical dimensions of the WEF systems. Furthermore, 
supporting women leadership at local and community levels in public services, with

9 For more information and access to the Toolkit, see https://en.unesco.org/wwap. 

https://en.unesco.org/wwap
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locally-adapted strategies, as well as supporting a multi-scale effort for increasing 
the leadership of women in the Pacific region is a concrete and ongoing approach led 
by the key donor and development agencies working in the region (Australian Aid 
2017). 
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Chapter 14 
Poverty in the Pacific: Trends, Progress, 
and Challenges in the Early Twenty-First 
Century 

Michael Burnside, Sarah Cook, and Akhil Suresh Nair 

Abstract Poverty persists in the Pacific but is characterized less by standard interna-
tional measures of absolute or chronic deprivation than by vulnerability and volatility. 
Communities in the Pacific are generally small and remote, creating challenges for 
the provision of basic goods and services. Their economies rely heavily on external 
economic relations—trade, employment, and remittances and tourism and aid— 
including for essential commodities such as food and energy. Among sources of 
vulnerability, environmental degradation, loss of biodiversity, and climate change 
impacts expose nations to shocks, often generating disasters which undermine the 
livelihoods of households. Over the past three decades progress has been made in 
reducing poverty and improving well-being; however, significant problems persist 
related to health and nutrition, access to services, employment, and livelihoods, 
and most countries have been slow to expand social protection systems to protect 
the most vulnerable. The Sustainable Development agenda offers the possibility of 
alternative development strategies that could favour ocean economies. However, this 
will require significant development assistance and investment from the international 
community at a time when aid budgets are coming under pressure from COVID-19. 
The global pandemic, with its travel, trade, and tourism restrictions, highlights the 
region’s susceptibility to external shocks and is reversing recent gains in poverty 
reduction.
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14.1 Introduction 

Poverty, broadly defined as various forms of deprivation associated with meeting 
basic needs, accessing essential services and economic opportunities, and partici-
pation in family and community life, is closely associated across the Pacific with 
insecurity of access to water, food, and energy. Given this definition and focus, we 
exclude the high-income countries of Australia and New Zealand from our analysis, 
although we recognize forms of poverty do exist there, particularly among Indigenous 
people. 

Distinct histories, including experiences of colonisation, among Pacific Island 
Countries and Territories (PICTs) have shaped varied development trajectories, but 
in most cases the small size and remote ocean location of Pacific nations means 
that standard development options are limited. The region is vulnerable to envi-
ronmental degradation including pollution of oceans, biodiversity loss, and natural 
hazards, many now intensified by a changing climate. Some Pacific states face the 
challenge of having few tradeable commodities or industries, while others are rich 
in resources (including fisheries and mineral resources) but have limited capaci-
ties to develop these. Most are thus heavily dependent economically on overseas 
employment and remittances and on tourism, while also relying on imports which 
incur high costs given the geographical distance. This external dependence makes 
PICTs particularly vulnerable to shifts in other countries’ economic policies and to 
broader economic shocks such as those accompanying the COVID-19 pandemic and 
its on-going consequences (World Bank 2020). 

In this chapter, drawing on secondary sources and available data, we describe key 
characteristics and trends related to poverty and its reduction in the Pacific and discuss 
the structural constraints to sustained poverty reduction across an environmentally-
and climate-stressed, disaster-prone ocean region. Noting the significant gaps and 
limitations of comparative data for many countries in the region, we present key 
indicators of income and multidimensional poverty, population health, and well-
being where available. The chapter also reflects on how international debates around 
poverty, and approaches to its reduction, have evolved particularly since the 1990s, 
and their relevance to the Pacific context. The early literature suggests that the diverse 
experiences of poverty across the Pacific did not fit easily into mainstream poverty 
debates. Rather, participatory research projects referred to notions of ‘hardship’ in 
meeting basic needs among a largely subsistence agricultural population, generally 
managed through traditional informal kinship or community support mechanisms 
(Abbot and Pollard 2004; UNDP 2014; Ratuva 2005). Such understandings and 
indeed the experience of poverty in the Pacific appear to have shifted since the 
latter years of the twentieth century, driven by forces including monetization of the
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economy and deeper global integration, increased population pressure on limited 
resources, and an associated rise in inequality. While indicators of human develop-
ment improved overall during the era of the Millennium Development Goals (MDGs) 
from 2000 to 2015, progress towards meeting the Goals and targets was generally 
mixed (PIF 2015), and subsequently appears to have slowed as nations are challenged 
by geography and remain vulnerable to economic, climatic, and other environmental 
shocks. For the most part, PICTs have been relatively slow to expand systems of 
social protection that can mitigate individual or household insecurity and reduce 
severe poverty. 

At the same time, PICTs along with other Small Island Developing States (SIDS) 
played an important role in the negotiations for a post-2015 development agenda. 
Recognizing that their future depends on the protection and sustainable use of natural 
resources, particularly in relation to oceans, they ensured such concerns are better 
reflected within what ultimately became the 2030 Agenda for Sustainable Devel-
opment, comprising the Sustainable Development Goals (SDGs) and agreements 
on climate change and development finance. For the first time a global devel-
opment agenda explicitly addresses the unique environment of ocean economies, 
through Goal 14 which commits to ‘conserve and sustainably use oceans, seas and 
marine resources for sustainable development’, along with the particular climate-
related risks they face and the responsibilities of the global community in mitigating 
and addressing these risks (Goal 13). Various means to strengthen implementation 
through partnerships are also explicitly identified through Goal 17, including to 
finance, develop capabilities, and transfer technologies. This more holistic devel-
opment agenda potentially marks a significant step forward in addressing the inter-
secting social, economic, and environmental challenges that drive poverty and inse-
curity in the Pacific region. In particular, the critical nexus around water, energy, and 
food addressed in this volume and elaborated further in Chap. 16, will be central to 
any sustainable pathway to realizing Goal 1—‘the elimination of poverty in all its 
forms’. 

14.2 People and Poverty in the Pacific 

Cultural definitions of ‘poverty’ or deprivation vary significantly and may be asso-
ciated, for example, with the nature of community and support networks, livelihood 
systems, or access to land and water resources for food and fuel. Even when indicators 
of poverty defined for international comparison (or related concepts such as human 
development) show improvements—as they have done in most of the Pacific since 
the 1990s, these indicators often hide critical dimensions of well-being related to 
community, culture, and place. These may be disrupted by forces such as population 
growth, globalization, commercialization, or unequal patterns of economic growth, 
as well as by natural hazards, and at times even by development projects designed 
to improve livelihoods and reduce poverty.
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Early literature on poverty in the Pacific tended to focus on the nature of commu-
nity and traditional kinship or other informal systems that provided a subsistence level 
of security to largely rural populations. In these accounts, notions of ‘hardship’ rather 
than poverty described the situation of people who might be temporarily affected by 
shocks but have community mechanisms for coping. As The State of Human Devel-
opment in the Pacific 2014 report noted: “Those living on outer islands [or Papua 
New Guinean highlands] may be financially excluded from the market/monetary 
economy but be adequately covered by traditional social protection systems. They 
are also likely to have support from the traditional systems of production and distribu-
tion, which grants them access to subsistence and non-monetary resources” (UNDP 
2014). While the expansion of markets and the cash economy, often associated with 
‘development’, can of course create, and expand opportunities and choices, this 
process can also be highly unequal and exclusionary, and under some circumstances 
has led to the breakdown of informal, community, or traditional support systems. In 
this process, the nature and experience of poverty may change. 

Economic growth during the recent decades of hyper-globalization, together with 
severe climate and environmental shocks, has thus contributed to the emergence of 
different forms of poverty and exclusion across the region—forms that resonate more 
closely with the concepts and measures of the international community. Incorporation 
into a globalized and financialized economic system, including through aid flows and 
remittances, has led to a rapid monetization of economies and greater dependence on 
cash for meeting basic needs such as food, energy, healthcare, and education. This 
heightened dependence on cash, alongside population growth and greater pressure on 
land, has driven processes of migration, rapid urbanization (albeit from a low base), 
and in turn the rise of informal, precarious, or risky settlements and employment. 
International (particularly regional) migration has also increased, with reliance on 
remittances from overseas workers becoming the mainstay of some small island 
economies (Box 14.1) (AUSTRAC 2017). Traditional mechanisms of reciprocity that 
previously provided social support in relatively equal societies have been weakened 
(Connell 2017). 

Box 14.1 Migration, overseas employment, and remittances 
The migration of youth and adults overseas, especially from some of the more devel-
oped Polynesian nations, is driven by lack of jobs and the pursuit of education or 
opportunities, but often leaves behind the elderly in rural areas with the additional 
responsibility of taking care of young children (UNDP 2014; Connell 2017). Polyne-
sian PICTs are now among the most dependent countries on personal remittances in 
the world. Countries like Tonga (40% of GDP from remittances) and Samoa (18%) 
are particularly exposed to international economic volatility as remittance flows to the 
Pacific are linked to the strength of economies and labour schemes of host countries, 
and the ability to travel.
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Remittance inflows as percentage of GDP World Bank Data (2022) 

14.2.1 Population Change and Patterns of Poverty 

Population growth, distribution, and mobility play a key role in shaping the nature and 
patterns of poverty in the Pacific. Many PICTs are sparsely populated ocean states 
with vast distances between communities on remote islands. While small, they vary 
considerably in population, ranging from a state such as Tuvalu with around 12,000 
people to Papua New Guinea (PNG) which is home to around 9 million people, 
scattered in hundreds of often remote communities, from coastal to mountainous 
rainforest areas, with varying water, food, and energy resources and deficits. 

The population has grown rapidly in the Pacific since the 1960s. While population 
growth is not necessarily a driver of poverty, pressure on resources and land, in 
contexts of limited employment and income opportunities, may exacerbate poverty 
and insecurity. As Table 14.1 illustrates, population growth has been rapid, though 
rates have slowed in some countries since around 1990.

Rapid population growth in largely rural subsistence economies creates pressures 
for migration to urban areas. Overall, across the Pacific, the share of population that 
is urban remains low, largely below 30% (exceptions being Fiji, Kiribati, and Tuvalu 
at about 60% of the population) (Table 14.2). Deprivation takes very different forms 
from that experienced by, for example, remote rural populations. Rapid urbanization 
with limited employment opportunities has given rise to informal settlements with 
poor infrastructure or services, often located in coastal areas and vulnerable to natural 
hazards; it has also taken people away from their traditional kinship or community 
support networks (UNDP 2014).
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Table 14.1 Total estimated population through from 1960 of select PICTs1 

Annual average growth 
1961-1989 1990-2019 

Fiji 393,481 520,562 635,307 728,573 811,006 859,818 889,953 2.1% 0.7% 

Kiribati 41,202 51,151 59,301 72,400 84,396 102,927 117,606 1.9% 1.7% 

FSM 44,514 61,417 72,930 96,301 107,402 102,911 113,815 2.6% 0.6% 

PNG 2,255,859 2,783,121 3,571,205 4,615,839 5,847,586 7,310,507 8,776,109 2.4% 2.2% 

Samoa 108,629 143,149 155,525 162,803 174,454 185,949 197,097 1.4% 0.7% 

Solomon 
Islands 117,849 160,250 230,546 311,866 412,660 527,861 669,823 3.3% 2.6% 

Timor-
Leste 474,532 571,565 599,905 737,814 884,366 1,093,523 1,293,119 1.4% 2.0% 

Tonga 61,577 84,351 92,971 95,069 97,973 103,986 104,494 1.5% 0.3% 

Tuvalu 5,323 5,735 7,637 8,913 9,394 10,530 11,646 1.7% 0.9% 

Vanuatu 63,689 85,377 115,597 146,573 184,972 236,211 299,882 2.8% 2.5% 

2010 2019 Trend1960 1970 1980 1990 2000 

Source World Bank Data (2022)

Table 14.2 Proportion of 
Pacific peoples living in rural 
or urban areas 

Pacific Island countries Rural/urban population (% of total) 

Papua New Guinea 86.8/13.2 

Samoa 81.9/18.1 

Federated States of 
Micronesia (FSM) 

77.2/22.8 

Tonga 76.9/23.1 

Solomon Islands 75.8/24.2 

Vanuatu 74.6/25.4 

Timor-Leste 69.1/30.9 

Kiribati 45.2/54.8 

Fiji 43.3/56.8 

Tuvalu 36.8/63.2 

Source World Bank Data (2022; data from 2019) 

Patterns of poverty vary among PICTS, reflected also in variation in levels of 
income and human development (Table 14.3). According to the UN, three PICTS 
(Kiribati, Tuvalu, and the Solomon Islands) and Timor-Leste fall into its ‘least devel-
oped countries’ group, a classification which combines indicators of income, human

1 The PICTs selected for analysis throughout this chapter are dependent on data availability. The 
authors also tried to maintain selection continuity where possible. 
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assets, and economic and environmental vulnerability (UNDESA 2021). Most coun-
tries in the Pacific are classified as middle-income,2 but also have relatively high 
levels of income inequality as measured by the Gini Coefficient. Fiji (a country of 
high urbanization), and Samoa and Tonga (low urbanization) are in the upper middle-
income category and also have a high level of human development as measured by 
the UN’s Human Development Index,3 whereas most others, including PNG and 
until recently Solomon Islands, fall into the category of low human development.

14.2.2 Income or Monetary Poverty 

The most recent Pacific-wide data for the share of population living below the inter-
national extreme poverty line of $1.90 per person per day (using 2011 purchasing 
power parity) comes from the SDG baseline report (UNESCAP 2017) and World 
Bank Data (2022), although much of the data pre-dates 2010. UNESCAP has recently 
calculated new estimates (Fig. 14.1). The Melanesian countries of Solomon Islands 
and Vanuatu have poverty rates of 18.7 and 10.8% respectively; while over 30% 
of people in Timor-Leste lived below this poverty line—higher than the rate in any 
other country in Southeast Asia (where the average rate was 16.1%). PNG has a 
comparable rate, and importantly, has a much larger population. While those living 
below the extreme poverty threshold in most other PICTs is low, a significant number 
of people live on less than $5.50 per day PPP. This income group is unlikely to have 
significant savings, assets, or insurance, leaving them vulnerable to shocks (whether 
manmade or natural hazards, with the COVID-19 pandemic and the Tongan volcanic 
eruption and associated tsunami as the latest examples) and thus at risk of being 
pushed deeper into poverty.

14.2.3 Energy Poverty 

Income or monetary poverty measures often conceal the multi-dimensional nature 
of poverty including access to essential goods and services. ‘Energy poverty’ is 
a critical element of poverty for many Pacific Island peoples. Limited sources of 
energy and geographical challenges in providing affordable, clean, and reliable 
energy to dispersed populations contribute to widespread energy poverty, including 
PNG despite it being a petroleum exporting nation. The proportion of people without 
electricity in PNG (59%), Solomon Islands (66.7%), and Vanuatu (61.9%) is high

2 The World Bank assigns the world’s economies to four income groups based on Gross National 
Income per capita in current USD: low (<1,036), lower-middle (1,036–4,045), upper-middle (4,046– 
12,535), and high-income (>12,535) countries (Serajuddin and Hamadeh 2020). 
3 The UNDP’s Human Development Index is a measure of development focused on people’s well-
being, and their opportunities and choices (UNDP 2020). 
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Fig. 14.1 Estimated share of the population living below the $1.90 and 5.50 per day poverty 
thresholds in 2019 (UNESCAP 2021)6 

by global standards, as is the proportion of people without improved cooking fuels 
and technologies (with implications also for health and nutrition) across the region 
(Table 14.4). These numbers are comparable to or below the low-income country 
average (despite higher income levels in much of the Pacific). Many communities 
are dependent on expensive imported fuel (petroleum products) for local and house-
hold level power (Dornan 2014), exposing them to high shipping costs, as well as 
international oil price fluctuations (UNDP 2015). Chapters 3 and 12 provide further 
detail on drivers of Pacific energy poverty. High costs or inadequate supply of energy 
and fuels have wide-reaching implications: from transport and access to markets or 
services (health and education), to cooking and hygiene, in turn affecting health and 
nutrition.

14.2.4 Human Development 

The Human Development Index (HDI) provides a multi-dimensional ranking of 
wellbeing within nations based on indicators including health, education, and dimen-
sions of equality including gender (see Chap. 13: Gender, Equity, and Inclusion in the 
Pacific). The HDI has shown steady improvement across the Pacific, with Fiji, Samoa, 
and Tonga exceeding the developing country average, while most other PICTs are 
below this level (Fig. 14.2).

6 The $1.90 per day poverty threshold (PPP 2011) describes absolute poverty, whereas the $5.50 
per day threshold describes poverty rates relative to the upper-middle income country average.
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Table 14.4 Access to energy in the Pacific 

Access to electricity (% of 
pop.) (2018) 

Access to clean fuels and 
technologies for cooking (% of 
pop.) (2016) 

Fiji 99.6 39.6 

Tonga 98.9 59.2 

Tuvalu 100.0 50.4 

Upper middle-income 
country average 

99.4 72.0 

Samoa 100.0 32.3 

Timor-Leste 85.6 6.9 

Kiribati 100.0 5.5 

Papua New Guinea 59.0 13.4 

FSM 82.1 12.0 

Vanuatu 61.9 12.6 

Solomon Islands 66.7 8.5 

Lower middle-income 
country average 

86.3 40.8 

Low-income country 
average 

41.9 14.0 

Source World Bank Data (2022)

14.2.5 Education 

Education is widely recognized as a critical factor for long-term poverty reduction and 
for breaking inter-generational cycles of poverty. Extracting the education component 
of the HDI, we see a similar pattern to the index overall. Indicators of schooling 
have improved across the region, with Fiji, Samoa, and Tonga ranking high on the 
education component of HDI, whereas other PICTs are making slower progress 
(Human Development Index 2020) (Fig. 14.3).

14.2.6 Health, Food, and Nutrition 

Ill-health is a key correlate of poverty and may be both a cause, as ill-health reduces 
productivity and the ability to work, or a consequence, due to poor diets or lack 
of access to health care. Life expectancy at birth and Infant Mortality Rates proxy 
for the general well-being of populations: in only two Pacific countries (Samoa and 
Solomon Islands) are people on average expected to live longer than the middle-
income country average (Fig. 14.4). In four PICTs life expectancy is currently at or 
below even the lower middle-income country average.
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Fiji, Samoa, and 

Tonga have kept 

pace with SIDS but 

are slowly falling short 

of High Human 

Development.  

Kiribati, FSM, PNG, 

Solomon Islands, 

Timor-Leste, and 

Vanuatu have fallen 

behind the Medium 

Human Development 

average. 

Fig. 14.2 HDI in the Pacific from 1990 to 2018 (Source Human Development Index 2020)

For Infant Mortality, most PICTs have seen significant progress in reducing the 
national rate and perform better than global and middle-income country averages 
(Fig. 14.5). This may in part be explained by improvements in health service delivery 
via community or village health workers (WHO 2018); however, PNG, Kiribati, and 
Timor-Leste still have rates of nearly 40 per 1,000 live births which is comparable to 
the lower-middle income average (36.6) and higher than the global average (28.2), 
and far above high-income countries such as Australia (3.6).

Child stunting (low height for age) and wasting (low weight for height) are key 
measures of poor nutrition and child development, with serious consequences for the 
physical and cognitive development of children that may affect their learning and 
life chances and lessen their productivity in local economies for the duration of their 
lives (Samson 2016). Stunting remains a serious issue in many PICTs: approximately 
half of children under age 5 in PNG (49.4%) and Timor-Leste (51.7%), and one-third 
of children under age 5 in the Solomon Islands (31.7%) and Vanuatu (28.0%) are 
stunted (Fig. 14.6). The incidence of wasting (a measure of more acute malnutrition) 
also remains a concern, demanding significant attention to food, nutrition, clean 
water, and sanitation if outcomes are to improve to ensure all children are adequately 
nourished and can reach their potential. Simultaneously the share of children who 
are overweight has risen.
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Fig. 14.3 Education index extracted from the HDI is achieved by combining (1) expected years of 
schooling and (2) mean years of schooling (Human Development Index 2020)

Fig. 14.4 Life expectancy at birth (years), both sexes in 1990, 2000, 2010 and 2018. Middle Income 
Country (MICs) means are provided (Source World Bank Data 2022)
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Fig. 14.5 Infant mortality rate is the number of infants dying before reaching one year of age per 
1,000 live births in a given year. Middle Income Country (MICs) means are provided (Source World 
Bank Data 2022)

An increase in childhood obesity is of concern given that the Pacific has among 
the highest levels of adult overweight and obesity7 in the world, conditions which 
are associated with a range of non-communicable diseases (NCDs) that in turn affect 
productivity and incomes as well as placing severe financial and social pressures 
on households and states (World Bank 2014). PICTs now account for the top ten 
states for obesity prevalence in adults worldwide (Fig. 14.7). A range of factors 
has changed diets in Pacific countries, including the move away from subsistence 
agriculture (linked in part to population pressure on land and urbanization) and closer 
integration with the global economy enabling an increased dependence on ‘cheap’ 
imported foods—away from traditional staples and towards imported energy-dense, 
processed foods that are suitable for long-distance transport but often have high fat, 
sugar, and salt content (see Chap. 4: The State of Food and Nutrition Security in the 
Pacific for further detail). Low-income households are more likely to depend on such 
food sources, making them also vulnerable to price rises associated with the cost of 
imports (such as those associated with global marine fuel markets). These dietary 
changes, alongside a tendency to less physically active lifestyles has driven the rapid 
rise in overweight and obesity, and in turn the rise in NCDs, including cardiovascular 
disease and diabetes, which account for the highest mortality burden in the region 
(Nanditha et al. 2016).

7 Overweight and obesity, as measured by Body Mass Index (25–29.9 and >30 respectively), are 
now leading forms of malnutrition with severe health consequences particularly in relation to non-
communicable diseases (WHO 2021). 
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Fig. 14.6 Overlapping malnutrition estimates in children (% of total) (Source UNICEF Data 2020)

The high burden of NCDs is a major challenge for health systems. According 
to the World Bank, the cost of treating obesity and associated NCDs exceeds 50% 
of the health budget for many PICTs and is projected to rise rapidly in coming 
years (World Bank 2012, 2016). At the same time, communicable diseases (often 
associated with poverty) remain a major challenge, with infectious and waterborne 
diseases still the leading cause of preventable death amongst children under five: poor 
infrastructure, unsafe water supplies, and unfit sanitation systems, coupled with poor 
hygiene practices, remain barriers to reducing child mortality (see Chap. 2: State of 
Freshwater Resources in the Pacific for further detail) (UNDP 2014). A sustainable 
reduction in poverty in many of the PICTS will thus require attention to key health 
indicators and their food, water, and energy-related drivers.
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Fig. 14.7 Prevalence of adult (18+) obesity rates (% of population) among counties and territories 
ranked in the top ten, all of which are PICTs (2016 data) (Source WHO Data 2020)

14.3 Challenging Geographies and Volatility—Accounting 
for and Responding to Patterns and Trends of Poverty 
in the Pacific 

The Pacific region faces a variety of geographical and structural conditions that 
have significant consequences for peoples’ wellbeing and livelihoods, including their 
secure and reliable access to water, energy, and food, and for patterns of poverty 
and deprivation. The unique ocean and island geography of many tropical Pacific 
states, despite many advantages, also presents development challenges. The small 
size of most nations, with often remote or isolated communities dispersed over great 
distances raises costs and creates constraints for reliably and affordably transporting 
goods, delivering services, or accessing markets (UNDP 2014;Ware  2005). A narrow 
range of exportable primary commodities and few mineral resources (with the excep-
tion of the Melanesian states) limits options for industrialization. While its natural 
wealth lends itself to tourism, this along with income sources from overseas remit-
tances and a heavy reliance on aid, means that these economies are highly externally 
dependent. Increasing evidence points to the region being increasingly impacted by 
ocean biodiversity loss, environmental pollution, and climate hazards (Wairiu 2017). 
As a result, economic growth is, as Rajah et al. (2019) describe it, ‘more volatile 
than fast’ (Table 14.5). Exposure to such volatility—whether driven by economic, 
manmade, natural, or environmental forces—is a feature of Pacific economies and a 
reality in the lives of its peoples.
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Table 14.5 The economic growth of PICTs tends to fluctuate year-to-year such that the standard 
deviation of annual growth exceeds the average over the past 20 years 

Source World Bank Data (2022) 

14.3.1 Natural Hazards and Disasters 

As described in Chap. 5, the location and unique island geography of many tropical 
Pacific states exposes them to natural hydrometeorological volatility, also increas-
ingly associated with climate change. Pacific communities are already experiencing 
land and marine temperature extremes that place a burden on energy availability 
for cooling and stimulate higher water demand for domestic, agricultural, and 
industrial uses (CSIRO et al. 2015; Australian Bureau of Meteorology and CSIRO 
2011). Climate projections also indicate an increase in both the number and inten-
sity of extreme rain events, even in areas where average rainfall may decrease, 
possibly leading to more instances of flooding (IPCC 2021; CSIRO et al. 2015; 
Australian Bureau of Meteorology and CSIRO 2011). Sea levels are modelled to 
rise, affecting agricultural production, food, and potable water security, especially 
on low lying atolls (IPCC 2021; Australian Bureau of Meteorology and CSIRO 
2011; Barnett 2011). Acidification of oceans will also likely continue to negatively 
impact reef biodiversity, reef tourism, and may cause fisheries to decline by as much 
as 20% directly affecting seafood supply, livelihoods, and the wellbeing of coastal 
communities across the Pacific (Dutra et al. 2018; CSIRO et al. 2015; Barnett 2011).
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Fig. 14.8 Country disaster risk index with PICTs identified in yellow (Created using World Risk 
Index 2019 data provided in the World Risk Report 2019 (Bündnis Entwicklung Hilft 2019)) 

Tropical cyclone modelling is less certain. Most models project a decrease in 
frequency but signal an increase in the proportion of the most intense South Pacific 
tropical cyclones (Australian Bureau of Meteorology and CSIRO 2011). Since infras-
tructure damage increases exponentially with windspeed, most locations in the Pacific 
will have a higher chance of experiencing damage from category 4 and 5 cyclones 
this century (CSIRO et al. 2015). As crude indicators of the damage they already 
cause: the destruction, loss of life, and loss of livelihoods caused by Tropical Cyclone 
Pam in Vanuatu in 2015 amounted to 64% of GDP, Tropical Cyclone Winston cost 
31% of Fiji’s GDP in 2016, and Tropical Cyclone Gita 35% of Tonga’s GDP in 2018 
(WTO 2019). 

The increased frequency and severity of extreme events may also reduce the ability 
of populations or states to adapt and cope. These risks to PICTs, both in terms of 
their high exposure to natural hazards and their limited capacities or resources to 
respond or adapt, are highlighted by the World Risk Report (Bündnis Entwicklung 
Hilft 2019). The report creates a general disaster risk index, ranking countries by 
their exposure and capacity to cope with natural hazards.8 Seven PICTs (including 
Timor-Leste) rank in the top twenty for disaster risk worldwide: Vanuatu (1st), Tonga 
(3rd), Solomon Islands (4th), PNG (6th), Fiji (12th), Timor-Leste (15th), and Kiribati 
(19th) (Fig. 14.8). The 2019 Index reveals that most PICTs fall into the categories 
of high or very high vulnerability, with severe consequences and limited coping 
capacity (Bündnis Entwicklung Hilft 2019). 

Destruction and disruption resulting from natural hazards (such as tropical storms) 
are often associated with poverty. Such events may lead directly to the loss of assets

8 The index is a composite of five indices: Exposure, Vulnerability, Susceptibility, Lack of Coping 
Capacities, and Lack of Adaptive Capacities. 
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and livelihoods (housing, animals, fisheries, crops, resources, and infrastructure) or 
the injury or death of a family member, potentially pushing people into poverty, or 
creating further deprivation for already vulnerable, low-income households. House-
holds may be forced to sell remaining assets to cope with the immediate losses or 
costs (such as health care or rebuilding homes). Even those not classified as poor 
may be vulnerable to losses. The significant proportion of people in the Pacific living 
around the $5.50 per day poverty threshold, but lacking capital, savings, or insurance 
to help recovery, are prone to fall deeper into poverty post-disaster. This is likely to 
be compounded by consequences at a community, regional, or national level (see 
Chap. 10), including the disruption of roads and transport, water and energy supply 
infrastructure, destruction of crops (especially banana) and productive land (e.g., 
coastal taro production areas), markets, schools, and healthcare centres that result in 
inaccessibility of food, water, energy, education, healthcare, and other critical goods 
and services. 

Poverty across the region is also exacerbated by human activity that affects land 
and marine environments and natural resources on which island populations depend 
for livelihoods, food and water security, and good health, as illustrated in Table 14.6. 

Table 14.6 Sources of environmental degradation in the Pacific 

Environmental degradation Estimate of impact on the region, particularly as it links to poverty 
and vulnerability 

Constrained resources Population growth places pressure on finite and typically already 
constrained natural resources, including land and water, 
threatening food security and livelihoods (PIF 2018) 

Climate Change Rising sea levels, particularly noticeable during instances of storm 
surge, causes sea water inundation affecting infrastructure, 
agriculture, and fresh water especially on marginal lands where 
informal settlements tend to be concentrated in the Pacific 
(Connell 2017) 

Pollution Poor waste management, a lack of recycling, and limited landfill 
sites results in non-degradable solid and hazardous chemical waste 
threatening ecosystems, food, and water supplies (Connell 2017) 

Over-fishing The combination of marine pollution, climate change, and 
overfishing threatens the supply of fish, and with it, household 
nutrition, many livelihoods, and Pacific economies (PIF 2018) 

Deforestation Unsustainable logging and land clearing for agriculture has 
deforested swathes of natural forest, especially in Melanesia, 
resulting in soil compaction and erosion leading to decreased 
agricultural productivity (Wairiu 2017) and increased nutrient and 
sediment loads in waterways negatively impacting important food 
producing reef and coastal ecosystems 

Urban development Urban growth and associated environmental degradation occurs 
exclusively on the coast in PICTs (except in PNG), where cities 
and towns occupy prime land for agriculture, tourism, and 
fisheries (Connell 2017)
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14.3.2 Government Responses and Challenges 

The geographic dispersion of populations and frequent natural hazards contribute 
to the difficulty and raise the costs of delivering basic services and infrastructure to 
remote Pacific communities (Ware 2005). Such costs account for a relatively high 
share of GDP relative to countries at similar income levels (Figs. 14.9 and 14.10). The 
result is at times the under-provision of essential services such as primary health care 
to many communities (WHO 2018). Infrastructure, transport, and services where 
provided are hard to maintain, often of poor quality, and easily disrupted (ADB 
2017; UNDP 2014), while the supply of trained teachers or health workers to remote 
locations is often difficult, as is the delivery of humanitarian assistance when needed. 

Government expenditure on education (as share of GDP) is higher than the average 
for middle-income countries in several states (FSM, Kiribati, Solomon Islands, and 
Tuvalu), and is roughly comparable in others (Fig. 14.10). Only PNG’s expenditure 
on education (1.9% in 2018) is below the low-income country average, although the 
proportion of primary school age children out of school (7.3% in 2016) is relatively 
low, even relative to other PICTs (Fig. 14.10).

Fig. 14.9 Health expenditure per capita and as % of GDP (Source World Bank Data 2022)
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Fig. 14.10 Government expenditure on education and enrolment outcomes (Source World Bank 
Data 2022)9 

14.3.3 Migration, Informality, and Employment 

As noted in Sect. 14.2, while urbanization remains low, it is increasing rapidly with 
migration from rural areas. Drivers for urbanization are not necessarily new: colonial 
authorities and religious missions encouraged traditional communities living inland 
on larger islands to move to emerging urban trade centres on the coast (Barnett and 
Campbell 2010). Recently, especially in Melanesia and Micronesia, urbanization has 
been accelerated by the internal migration particularly of young people moving from 
rural areas (including remote islands) in search of work and opportunities, resulting 
in a ‘youth bulge’ in Pacific urban and peri-urban areas (Connell 2017). While the 
share of the population living in urban areas is low in PNG (13.3%), Solomon Islands 
(24.2%), and Vanuatu (25.4%), these countries have the fastest growing cities, and 
their capitals are home to large informal settlements (Table 14.7) (Connell 2017).

9 Note: Some of the available data is antiquated. Date for Government expenditure on ed./Children 
out of school respectively: FSM 2015/2015, Kiribati 2000/2017, Solomon Islands 2010/2018, 
Tuvalu 1990/2016, Tonga 2000/2015, Vanuatu 2017/2015, Timor-Leste 2018/2018, Samoa 
2016/2018, Fiji 2013/2016, PNG 2018/2016, Upper middle-income 2013/2018, Middle-income 
2017/2018, Lower middle-income 2018/2018, Low-income 2018.
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Table 14.7 Estimates of people living in urban informal settlements in Pacific Island capital cities 

Country and capital 
city 

Estimated population 
of capital town or city 

Urban residents living 
in informal and squatter 
settlements in capital 
towns or cities (%) 

Estimated Settlement 
Population in capital 
town or city 

Suva, Fiji 178,000 20 35,600 

Tarawa, Kiribati 119,700 40 47,880 

Port Moresby, PNG 367,000 50 183,500 

Honiara, Solomon 
Islands 

81,800 33 26,994 

Nuku’alofa, Tonga 106,000 10 10,600 

Funafuti, Tuvalu 12,000 3 360 

Port Vila, Vanuatu 52,690 30 15,807 

Source World Bank Data (2022) 

Port Moresby is home to approximately two in five of all Pacific urban residents, 
with half of them living in informal settlements. 

Most of this urbanization is unplanned and poorly managed, with informal settle-
ments often established on marginal or coastal lands, where they are exposed to 
natural hazards such as storm surge and cyclonic events, as is the case in Port 
Moresby, Honiara, Port Vila, and Suva (Thomas and Keen 2017; Connell 2017). 
Such settlements often lack basic infrastructure and amenities including electricity, 
water, or sanitation (Connell 2017), creating challenges for new settlers in accessing 
water, cooking fuel, and food, as well as adversely affecting health. Compounding 
these challenges, migrants may lose their village, kinship, or community systems of 
support. This loss is particularly acute in the wake of a disaster when the absence 
of informal support systems and social or familial safety nets may dramatically 
reduce resilience and the ability to recover (UNDP 2014). Most recently, COVID-
19 has revealed key gaps in social protection, with those in informal low-income 
employment often falling outside any government safety net (Alfers et al. 2020). 

Limited employment opportunities in PICTs create a high dependency on over-
seas employment. In most Pacific urban locations, the number of graduates exceeds 
the number of new job opportunities created annually; thus, cities are neither the 
engine for opportunity that many new migrants anticipate, nor are they the driver for 
inclusive and sustainable development to combat poverty (Connell 2017). Migration 
(typically to Australia and New Zealand) is one remedy for high underemployment 
and a major source of income through remittances (Box 14.1); recent evidence also 
suggests this may reduce population growth (Howes et al. 2020). Fiji, Samoa, and 
Tonga have large diaspora relative to their population (25, 60, and 70% respectively). 
Howes et al. (2020) argue that without migration, Samoa, Tonga, and Fiji would have 
higher population growth, along with higher rates of un-/underemployment, and more 
poverty. Conversely, Kiribati, PNG, Solomon Islands, Vanuatu, and Timor-Leste have
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lower rates of migration and remittances alongside higher population growth (Table 
14.1) (Howes et al. 2020). 

14.3.4 COVID-19 and Poverty in the Pacific 

The COVID-19 pandemic, as one more shock to hit the region, illustrates the multi-
faceted forms of vulnerability and volatility of the PICTs. In the initial phase of the 
pandemic, Pacific governments responded with strong measures to isolate their popu-
lations and were spared much of the public health impact seen elsewhere. However, 
as of early 2022, with the emergence of the Omicron variant alongside the gradual 
relaxation of travel, the virus is now sweeping through several islands (Carreon et al. 
2022). This puts pressure on already fragile or over-stretched health systems, in a 
context where high rates of obesity significantly raise the risk of hospitalization from 
COVID-19 (ADB 2021). While most PICTs are progressing well with vaccinations, 
having benefitted from the COVAX initiative to share and coordinate international 
resources to low-to-middle-income countries, numerous concerns remain. Firstly, 
PNG, Solomon Islands, and Vanuatu are on track to be amongst the last in the world 
to reach high levels of vaccination (Lowy Institute 2021); and secondly, like many 
low-to-middle-income countries, most PICTs do not have access to combination 
vaccine therapies that provide improved protection against the infectious Omicron 
variant (Dolgin 2022). 

While the health impacts are only now beginning to unfold, the consequences 
of restrictions on travel have been particularly severe for a region heavily reliant 
on tourism, trade, and overseas employment. Effective travel bans to combat the 
pandemic mean that both national and household budgets are being stretched to a 
breaking point, seriously affecting people’s living standards (Hoy 2020). This is 
particularly true in tourism-dependent nations such as Cook Islands, Palau, Fiji, 
Samoa, Tonga, and Vanuatu, while commodity exporters such as PNG and Solomon 
Islands were also heavily affected (ADB 2021) (Fig. 14.11). The economic repercus-
sions of COVID-19 have caused a decline in government taxation and other revenues 
in many PICTs, although aid-dependent countries (such as Tonga and Samoa) have 
been somewhat protected. While many PICTS entered the pandemic in a reasonably 
good fiscal state, COVID-19 related support programmes and reduced revenues have, 
in most cases, led to increased debt levels and thus decreased fiscal space for on-
going recovery efforts and other critical government spending (DFAT 2020; ADB 
2021). Inflationary pressures linked to global supply chains will also particularly 
impact heavily trade dependent small island states.

There is little doubt that the pandemic and its broader consequences will stall 
or reverse many gains in poverty reduction and progress towards the SDGs more 
generally. As Hoy (2020) noted: “Even in our most conservative scenario of a 5% 
contraction in household consumption, the rate of extreme poverty may increase to 
over 30% of the population in PNG and Timor-Leste, 27% in Solomon Islands, and
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Fig. 14.11 GDP growth in 2020 (Adapted from World Bank 2021)

17% in Vanuatu. Our severe scenario of a 20% contraction [in household consump-
tion] would result in an additional 1.2 million people in the region being pushed into 
extreme poverty, an increase of over 40% on pre-COVID-19 levels” (Hoy 2020). The 
extended nature of the pandemic and associated economic disruptions makes these 
scenarios increasingly likely. 

14.4 Poverty Reduction Policies and Development 
Assistance in the Pacific 

Given the distinct and varied contexts, geographies, and constraints of Pacific Island 
states, do standard approaches to poverty reduction adequately address the drivers, 
nature, or consequences of poverty? As demonstrated in the data above, the MDG 
period up to 2015 saw significant improvements in some human development indi-
cators. This progress appears to have plateaued in more recent years, while oppor-
tunities for sustainable livelihoods and employment remain challenging. Structural 
constraints to growth and employment creation, the high costs of expanding infras-
tructure and services, and geographic or weather-related drivers of insecurity, vulner-
ability, or deprivation often remain untouched by poverty reduction interventions 
targeted at poor individuals or families. Limited growth opportunities and frequent 
shocks, including from natural hazards, mean that many PICTs are heavily aid 
dependent.
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14.4.1 Aid and Development Assistance to the Pacific 

Although the total amounts are comparatively small, Pacific nations receive among 
the highest rates of Official Development Assistance (ODA) per capita or as a share 
of Gross National Income (GNI) (World Bank Data 2022). As a share of GNI, 
Tuvalu receives 45.6% (2016–2017), followed by Marshall Islands (26.9%), and 
FSM (25.1%) (Fig. 14.12). Given its size, PNG receives by far the largest total 
aid in the region (Fig. 14.13). However, together with Fiji, it receives the lowest 
rate per capita—2.5 and 3.0% respectively (in 2017). Some PICTs also have access 
to labour migration schemes (particularly with Australia) as potentially important 
poverty reduction instruments. As illustrated in Fig. 14.14, significant variability in 
ODA is driven by humanitarian assistance for natural hazard induced disasters and 
emergencies, including climate-related events in addition to regular development 
assistance. 

Australia and New Zealand provide over half of the Official Development Assis-
tance (ODA) to the Pacific. Chinese ODA has trended upward over the last ten years, 
as has that provided by the Multilateral Development Banks and the United Nations, 
whereas ODA provided to the region by the United States and Australia has declined 
slightly (Table 14.8). China now provides more ODA to the region than the United 
States.

While new sources of finance may become increasingly available, for example 
through climate-related financing or through new donors or investments (particularly 
with China’s growing engagement in the region), there is still relatively little evidence 
of the impacts of such funds in relation to poverty reduction.

Fig. 14.12 Net Official Development Assistance received as a percentage of GNI (Source World 
Bank Data 2022)
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Fig. 14.13 Net Official Development Assistance received (current USD). PNG is excluded due to 
the comparatively large ODA receipts which, during this time series, fluctuated between $514 m 
(2010) and $786 m (2018) (Source World Bank Data  2022) 

Fig. 14.14 Humanitarian aid committed to select Pacific countries (created using Lowy Institute 
2020 data provided in the Lowy Institute Pacific Aid Map 2021)

14.4.2 Social Protection 

Globally, the early twenty-first century has seen a dramatic shift in approaches to 
reducing poverty, with an emphasis on expanding systems of social protection as 
safety nets or assistance for people affected by shocks, as well as supporting those 
in chronic poverty. Cash transfers have become the main non-contributory social 
protection mechanism, with or without conditionalities attached; other programs 
include food or in-kind transfers and employment guarantee schemes. Instruments
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Table 14.8 The top ten donors of Official Development Assistance (grants and loans) to the Pacific 
(in USD millions) 

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Trend 

Australia 703 921 1,213 1,145 1,004 972 923 810 861 921 865 

New Zealand 116 145 168 197 184 231 204 201 194 265 254 

Japan 130 197 185 152 141 128 129 181 188 219 221 

China 64 95 117 127 177 200 234 287 229 246 170 

Asian 
Development Bank 112 70 62 105 150 82 91 102 151 239 168 

World Bank 5 6 13 37 75 75 88 92 107 314 159 

United States 216 117 233 205 216 181 131 66 158 186 140 

United Nations 19 39 37 22 28 36 52 87 76 111 116 

European Union 65 105 103 72 87 93 102 66 96 123 99 

Taiwan 22 22 47 50 38 59 61 37 39 35 41 

Annual total 1,452 1,717 2,178 2,112 2,101 2,058 2,015 1,929 2,099 2,659 2,231 

Source Lowy Institute (2020)

are designed to protect vulnerable individuals or families, and to invest in livelihoods 
and human capital in order to support sustainable movements out of poverty. As 
noted above, monetization and other forces have challenged the traditional commu-
nity and kinship systems of reciprocity and collective support prevalent in many 
Pacific societies (UNDP 2014). As these systems have weakened, governments have 
developed or expanded both contributory and non-contributory programs of social 
protection, but coverage in the region remains low and uneven. Globally, the COVID-
19 pandemic has shed a light on the gaps in social protection and challenges for 
expanding protection to affected groups, including the informally employed working 
poor. 

With low shares of formal employment and high levels of informality, contribu-
tory social security coverage is likely to remain limited. Data reported in the ILO’s 
Social Protection Report in 2017 indicates that most of the region either has limited 
legal social security coverage or the information is lacking. Only Fiji is classified as 
‘intermediate’ in terms of coverage. The most common contributory programs cover 
old age pensions, with some disability or employment injury schemes. Limited provi-
sions exist in areas of unemployment, sickness, maternity, and child benefits (ILO 
2017). The elderly is the only group covered by programs in most countries, with 
a number introducing non-contributory social pensions to complement Provident 
Funds or employment related social insurance. However, effective coverage is often 
limited to under 10% of the elderly population while benefits may be very low (ILO 
2017).
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A number of non-contributory schemes have been introduced by governments to 
meet the needs of specific groups, and to respond to crises or disasters. Some of 
these are highlighted in Table 14.9. The key focus appears generally to be on the 
elderly, and on children, through education fee waivers or expansion of universal 
free education. Health care schemes, poverty targeted cash transfers, or support for 
the disabled have been introduced by some states but remain limited. In the context 
of COVID-19, several countries have introduced new, or scaled up existing, social 
protection programs. Timor-Leste, for example, is providing cash transfers to the poor 
(Magalhães 2020). Overall levels of spending on non-contributory social assistance 
or ‘safety net’ programs across the Pacific are low—generally below regional or 
global averages (World Bank 2018). Public spending on health, education, and social 
protection as a share of total public spending may even have decreased between 
2000–2004 and 2014–2016 across a number of countries for which data is available 
(Timor-Leste, Kiribati, Samoa) (UNESCAP 2018). The latest ILO World Social 
Protection Report 2020–2022 shows expenditures on social protection (excluding 
health) ranged from 0.1% of GDP in PNG to 10.8 in Kiribati, with most Pacific 
countries below the lower middle country average of 2.5% and comparing poorly 
with the Southeast Asia and Pacific average of 8.2% (ILO 2021). This translates into 
low effective coverage with the share of population covered by at least one social 
protection (SDG indicator 1.3.1) ranging from 9.6% in PNG (below the LIC average 
of 13.4) to 86.3% in Kiribati (ILO 2021). Most PICTs approximate the Lower-Middle 
Income Country range (24.9%), well below the Southeast Asia and Pacific average 
of 61.5% (ILO 2021).

Data is limited on the specific social protection response to COVID-19 in PICTs. 
Most countries introduced some fiscal stimulus, increasing health expenditures and 
income support or social assistance.10 Howes and Surandiran (2020) report on a 
number of PICTs with expenditures ranging from under 1% in fiscally constrained 
states (Fiji, PNG) to 8.3 and 6% in Timor-Leste and Tonga respectively. They note 
that on average safety nets take up the largest share of new spending (22%) (compared 
to 21% for health) but also draw attention to the significant variation among states. 
What is clear is that pressure on government budgets has been severely exacerbated 
by the economic impacts of COVID-19. Government revenues have fallen, and with 
limited options for financing increased spending or providing fiscal stimulus, levels 
of debt in many PICTs have increased (IMF 2020). The risk is that this situation 
creates pressure for cuts in government spending, austerity measures, and efforts to 
raise taxation, likely slowing the recovery from COVID-19 and hindering progress 
towards the reduction of poverty and other key development goals.

10 The ADB policy tracker identifies the COVID-19 responses of countries in the region: https:// 
COVID19policy.adb.org/policy-measures. 

https://covid19policy.adb.org/policy-measures
https://covid19policy.adb.org/policy-measures
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Table 14.9 Select non-contributory social protection schemes in the Pacific 

Country Program and purpose Date started Other details 

FIJI Food Voucher for Rural 
Pregnant Women: To  
improve maternal health 
and provide basic 
nutrition needs during 
pregnancy and childbirth 

2104 Coverage: 4,221 (2015) 
Expenditure: FJD 1 
million (2015) 

Care and Protection: 
Conditional cash transfer 
and food subsidy for 
children from households 
in difficult circumstances 
to ensure health, 
education, and basic 
needs 

2008 Coverage: 4,696 children 
(2017) 
Expenditure: FJD 
6,807,589 (2017/2018) 

Poverty Benefit Scheme: 
Conditional cash transfer, 
food subsidy, and training 
to improve the welfare of 
poor households 

2013 Coverage: 25,259 people 
(2017) 
Expenditure: FJD 38.1 
million (2017–2018) 

Social Pension Scheme: 
Cash transfer to assist 
elderly citizens who do 
not receive any other form 
of government assistance 
or pension support 

2013 Coverage: 34,002 people 
(2017) 
Expenditure: FJD 37.2 
million (2017–2018) 

Bus Fare Subsidy: To  
assist the elderly and 
people living with 
disabilities with their 
mobility 

2011 Coverage: 46,750 (44,784 
elderly persons and 1,966 
persons with disabilities) 
in 2015 
Expenditure: FJD 150,000 
(2015) 

KIRIBATI Elderly Fund Scheme: 
Unconditional cash 
transfer to support elderly 
persons in line with 
traditional Kiribati 
kinship systems 

2004 Coverage: 4,720, 53 per 
cent of whom were 
women (2016) 
Expenditure: AUD 2.9 
million in 2016 

Copra Fund Subsidy: To  
support copra smallholder 
farmers and mitigate the 
rural–urban migration 
through provision of a 
minimum purchase price 
to copra farmers 

Mid-1990s Coverage: Working-age 
population: copra 
producers in the outer 
islands 
Expenditure: AUD 4.54 
million or 2.8% of GDP 
(2009)

(continued)
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Table 14.9 (continued)

Country Program and purpose Date started Other details

Education Fee waiver 2016 Expenditure: 
Approximately AUD 2.3 
million per year 

SAMOA School Fee Grant 
Scheme: Educational fee 
waiver to improve access 
to basic schooling for 
students of Year 1 to Year 
11, aiming to achieve 
universal free education 

2010 Coverage: Students grades 
1–11; 163 schools 
Expenditure: SAT 5.7 
million (2015–2016) 

Senior Citizens Benefit 
Fund: Unconditional cash 
transfer to provide 
universal pensions to 
elderly Samoan residents 

1990 Coverage: Elderly persons 
aged 65 years and above; 
8,700 beneficiaries 
Expenditure: SAT 
14,094,000 per year or 
0.9% of GDP 

SOLOMON ISLANDS Free Basic Education: 
Provide free primary and 
junior secondary 
education to all 
school-age children 

2009 Coverage: school age 
children 
Expenditure: SBD 
55,841,350.00 (2018) 

TIMOR-LESTE Universal old age and 
disability pension: Cash  
transfer to meet needs of 
most vulnerable 
(Other programs include 
cash transfer for poor 
female headed households 
with children) 

2006 Groups: Universal for 
individuals with disability 
and those over 60 
Coverage: 7313 disabled 
and 86,974 elderly (2015) 

Free health and 
education 

2002 All Timorese citizens 

TONGA Aged-care Service for 
the Elderly: To provide 
social support services to 
vulnerable elderly persons 

2012 Groups: Vulnerable 
elderly persons without 
family support 
Coverage: 151 (as of 
March 2014) 
Expenditure: NA 

Social Welfare Scheme: 
Unconditional cash 
transfer to elderly to 
reduce high poverty risks 

2012 Coverage: Total eligible 
elderly: 3, 973: 2,161 
women and 1,812 men 
(2014) 
Expenditure: If all eligible 
beneficiaries claim: TOP 
3.1 (2014–15); expected 
60 per cent take-up rate, 
TOP 1.86 million

(continued)
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Table 14.9 (continued)

Country Program and purpose Date started Other details

Disability Welfare 
Scheme (A’uki ai cash 
assistance): Cash transfer 
and social services to 
support persons with 
severe disabilities 

2015 Coverage: 576 (287 men 
and 289 women) (2016) 
Expenditure: TOP 677,040 
(2016) 

Early Intervention 
Services: To provide 
support services to 
children born with a 
disability or 
developmental delay 

2012 Groups: Children aged 
0–3 years living with 
disabilities 
Coverage: 55 Children 
(2014) 
Expenditure: NA 

TUVALU Educational fee waiver: 
Primary education is free. 
Secondary education fees 
may be waived in case of 
financial need 

NA Groups: Children 
Coverage: NA 
Expenditure: NA 

Medical Treatment 
Schemes: Free medical 
services with serious 
cases referred to other 
locations (such as Fiji and 
New Zealand) 

NA Groups: Universal 
Coverage: NA 
Expenditure: AUD 
3,700,000 (2017 budget) 

VANUATU Schools Grants Scheme: 
Educational fee waiver 
for primary and 
secondary school students 

NA School age children 
Coverage/expenditure: NA 

Sources IPC-IG and UNICEF (2019), Slatter (2020), Timor-Leste: World Bank/ILO (2016)

14.4.3 Poverty Reduction and Sustainable Development 

The 2030 Sustainable Development agenda added environmental, climate, and ‘blue 
economy’ goals to the poverty reduction agenda of the MDGs, thus linking the 
‘social’ goals of the MDGs with economic and environmental processes that underpin 
or constrain well-being for individuals and communities. In no small part due to 
efforts of Small Island States and organizations such as the Pacific Island Forum, 
climate risks, natural hazards, environmental degradation, and the undervaluation or 
overexploitation of natural resources are explicitly addressed by the SDGs, while 
the inclusion of Goal 14 on ‘blue economy’11 pays particular attention to the 
vulnerabilities and potential of island nations.

11 SDG 14 on Life Below Water aims to ‘Conserve and sustainably use the oceans, seas and marine 
resources for sustainable development’, while SDG 13 focuses on urgent action to combat climate 
change and its impacts, and SDG 15 on protecting biodiversity and reversing land degradation. 
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The promise of the SDGs in terms of a greater focus on alternative develop-
ment strategies and livelihood opportunities linked to ocean economies, sustain-
able resource use, renewable energy sources, and ecosystem services requires major 
financial and technical support from the global community—something that looks 
increasingly challenging in a post-COVID-19 economic downturn. In recent years, 
significant ODA (along with other investments) has been directed to infrastructure, 
technical assistance, and capacity building to support the Sustainable Development 
Goals (Lowy Institute 2020). While many projects, such as investments in trans-
port or green energy, have potential to benefit the poor as well as the economy and 
environment, there is less evidence to date on how these investments perform in 
terms of poverty reduction or social goals. Globally, few instruments have as yet 
been popularized that explicitly link environmental or climate actions to poverty 
reduction. 

In terms of progress, the UN’s Asia–Pacific SDG report shows that over half 
the targets for the Pacific sub-region are not measurable, while the Pacific lags in 
key areas related to resilience and adaptive capacity, eco-systems, and biodiver-
sity, as well as hunger, water, and sanitation (UNESCAP 2020). The Pacific Island 
Forum’s First Quadrennial Pacific Sustainable Development Report (2018) high-
lights priority areas for accelerating progress, including enhancing social protection 
and gender equity (particularly addressing high levels of violence against women), 
and increasing employment in the oceans, fisheries, and sustainable tourism sectors, 
alongside efforts on climate change and disaster risk reduction (PIF 2018). It draws 
attention to the need for financial investments, regional institutions and capacity 
strengthening, and improved data for monitoring. While the leadership and commit-
ments are strong, the question remains as to whether, even with sufficient investment, 
the region can foster a shift away from a traditional, carbon intensive growth model 
that often fosters inequality, towards a trajectory of sustainable and equitable devel-
opment based on the ocean economy and its resources that can reduce poverty and 
lessen the region’s external dependence. 

14.5 Conclusions 

This chapter has made the case that the lives of populations across the Pacific 
are marked less by extreme income poverty, except in particular contexts, but 
more by volatility of livelihoods and income sources and vulnerability, whether 
to natural hazards, the impacts of environmental degradation and climate change, 
or ill-health (particularly linked to inadequate diets and poor nutrition). The current 
global COVID-19 pandemic both illustrates and severely exacerbates this situation. 
Strengthening access to services and social protection that could help individuals 
and communities cope with short term shocks and income insecurity can be a key 
component in responding to such volatility. This chapter has shown that poor health 
linked to inadequate nutrition is a key feature of poverty in the region. To ensure
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the availability, quality, and affordability of essential commodities to all by tack-
ling problems at the intersection of water, energy, and food would be an important 
contribution to alleviating poverty and improving livelihoods of low-income house-
holds. Ensuring equitable access will require enhanced social protection measures 
that address the specific needs of vulnerable population groups. 

The chapter has also illustrated the structural and geographic challenges that 
many Pacific Island communities and nations face, whether in strengthening short-
term coping mechanisms, building ‘resilience’, or addressing the long-term under-
lying causes of vulnerability and persistent poverty. These include dimensions of 
remoteness that elevate the dependence on external relations, raise the costs of goods 
and services particularly in reaching isolated communities, and reduce opportunities 
for employment. Meeting the needs of growing populations, while building capac-
ities for resilience and adaptation in the face of frequent shocks, resource scarcity, 
and long term environmental and climate change requires systems of support and 
investments in infrastructure that are particularly costly given geographic conditions. 
Policy efforts in the social and environment sectors are expanding albeit within tight 
fiscal constraints but limited employment opportunities remain a key barrier to more 
sustainable livelihoods and healthy lives for the poor. 

Given the specific context and characteristics of the Pacific Islands, addressing 
the needs of vulnerable communities and individuals will require community-based 
and locally led initiatives and solutions. Ultimately however, to generate employ-
ment and sustained development, structural issues will need to be resolved through 
wider regional or global change. A promising area involves recognizing the value 
produced by ocean states through ‘ocean accounting’, a process that better accounts 
for the value of ocean ecosystems and marine resources. Ocean accounting has huge 
potential as a tool for recognizing and valuing the role of Pacific Islands in areas 
such as marine protection and sustainable exploitation of ocean resources including 
fisheries. It can support strategic and spatial planning of the ocean and coasts, regu-
lation of ocean-based economic activities and sectors, adaptive management to keep 
pace with policy cycles, and attract associated investment (GOAP 2022). It may 
also have potential to provide sources of income and employment including through 
eco-system service payment schemes, as well as high protein food (Stuchtey et al. 
2020). 

Finally, data limitations remain a serious constraint to comparative analysis and 
monitoring of poverty, vulnerability, and inequality across the region, with limited 
information available, particularly disaggregated by gender or for other groups. 
Where data do exist, they are rarely comparative and often dated; small countries 
often become hidden in regional averages, particularly alongside their much larger 
Asian, and richer Oceania, neighbours. Support to improve institutional capacity for 
data collection, collation, and innovation in sparsely populated and remote island 
locations will be essential to closing data gaps and to provide a more nuanced under-
standing of drivers and changes in poverty, inequality, and wellbeing in these contexts. 
Such understandings may in turn enable better informed poverty reduction measures, 
as well as more equitable and sustainable development policies over the course of 
the twenty-first century.
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Chapter 15 
Living in Oceania 

Amit Singh, Atishma Lal, and Janez Susnik 

Abstract The ever-increasing impacts of climate change have once again reignited 
the growing debate on natural resource scarcity in the Pacific Island Countries 
and Territories (PICTs). New scientific findings repeatedly suggest the situation 
is grave as we continue to push planetary boundaries for the sustainable use of 
natural resources, threatening natural systems and our own existence. In the PICTs 
the situation is especially critical, given the current and forecast impacts of climate 
change (Chap. 5) on these island nations. In an island setting where resources may 
be limited and vulnerable the issue of security requires appropriately scaled atten-
tion. Confounding this is a multitude of pressures presenting a complex problem 
of demand. Key pressures faced on many PICT resources are increasing human 
populations; competing demands; the emergence of new opportunities, markets, and 
consumers; the fragmented nature of resource governance; and climate change. These 
illustrate the new realism of physical and economic scarcity of resources we face 
in the era of globalization, even across the geographically vast region of Oceania. 
Amongst this, water, energy, and food (WEF), are most critical to the region. These 
three resources are critical for human sustenance, essential separately but intrinsically 
connected in their use and management needs. This resource and policy nexus must 
be actively managed as its mismanagement and insecurity impede social stability and 
economic growth for the region. This chapter aims to understand the applicability 
of the WEF nexus in the PICT context. This considers both nexus experience in the 
PICTs to date and the opportunities and challenges the WEF nexus presents in its 
operationalization specifically in a PICT context.
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Freshwater · Agriculture · Energy ·WEF nexus · Sustainability 

15.1 Introduction 

The Pacific region consists of twenty-two Pacific Island Countries and Territories 
(PICTs) and is home to 12.3 million people, which is 0.15% of the global population 
(Fig. 15.1). The PICTs constitute the largest ecosystem in the world, covering almost 
half the globe’s sea surface (Seidel and Lal 2010). For the 12 million Pacific Islanders, 
the Pacific Ocean is their major economic, social, and cultural lifeline (Charlton et al. 
2016; Seidel and Lal 2010). 

The Pacific region is characterized by scattered nations composed of numerous 
islands of varying size, geological and hydrologic characteristics, and includes a

Fig. 15.1 Pacific regional map, adapted from UN Geospatial (2023) 
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variety of island types, ranging from the large, high volcanic islands to the tiny 
low-lying coral atolls; from the island with abundant surface water and groundwater 
to those that have no natural surface water systems, or very limited groundwater 
and are completely dependent upon rainwater catchments such as Niue and Tuvalu 
(Carpenter and Jones 2004; Dixon-Jain et al. 2014; Duncan 2011). Also see Chap. 2. 

Globally, water, energy, and food are the most vital resources for societies, and 
these are key to human survival, wellbeing, and growth. While these resources may 
be considered renewable and readily available, demands for these resources has 
increased rapidly due to increasing population, uncertain climatic future and climate 
change impacts, and a shift towards increasingly urbanized lifestyles (Endo et al. 
2017; Taniguchi et al. 2017). The increased demands are causing unsustainable pres-
sures globally on water, energy, and food resources, presenting communities with an 
increasing number of trade-offs (Endo et al. 2017), potential conflicts over competing 
uses of these resources (Fader et al. 2018), and an urgent need for its safeguard and 
management (da Silva and de Moraes 2018). The situation in the Pacific is no different 
and given the geophysical characteristics of islands and its size, the trade-offs and 
conflicts amongst these resources are rather real and apparent. 

To manage these trade-offs, it is essential to manage water, energy, and food 
through a nexus approach, a paradigm that has existed for some time now. However, 
a WEF approach uptake and practice are fairly new to the Pacific region. The 
WEF nexus illustrates debates around ‘resource scarcity’ and promotes an integrated 
approach in resource management, which accounts for co-benefits and trade-offs in 
policies related to energy, agricultural, and water sectors (Karatayev et al. 2017). 
It demonstrates the inter-linkages between the three resources calling for a policy 
nexus for its management. 

PICTs are heavily dependent on natural resources for their economic development 
and likely to remain so for the near future, making resource management an issue 
of critical importance for economic development (Bell, Matthews et al. 2016; Bell, 
Taylor et al. 2016; Chand 2001). It is the scarcity of the resources and management 
into an uncertain climatic future (Chap. 11), that makes the WEF nexus approach 
in PICTs an important consideration in current and future resource planning and 
decision making. 

Historically, PICTs contribution to global greenhouse gas emissions has been 
considered insignificant compared to large global polluters (Bogner et al. 2008), 
nonetheless, PICTs have been the planet’s most vulnerable nations to the effects of 
climate change (Althor et al. 2016; Mcleod et al. 2019; Salem 2020) PICTs have 
historically been reliant on fossil fuel sources to attain energy requirements (Bijay 
et al. 2013; Michalena and Hills 2018), which is having an enormous impact on 
their economies (Mani et al. 2020; Michalena et al. 2018). The transport sector in 
the region uses approximately 75% of fossil fuel consumption and is the largest 
contributor to the regions GHG emissions (Holland et al. 2014; Newell et al.  2017; 
Nuttall et al. 2014). An analysis of the Second National Communication to the United 
Nations Framework Convention on Climate Change of PICTs illustrates that most of 
the emissions from PICTs are from the transport and energy sector (Mani et al. 2020) 
with many PICTs opting to focus on emission reduction in these two sectors by 2030
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as the core of their Intended Nationally Determined Contributions (Goundar et al. 
2017; Holland et al. 2014; Mani 2020; Michalena et al. 2018; Newell et al.  2017). The 
PICTs have demonstrated a willingness to transition to a low carbon economy for 
overall sustainable development. The security of water, energy, and food resources 
has been a long, where studied, deliberation in isolation and it is critical now these 
three resources need to be studied together in a nexus approach in PICTs context. 

15.2 Characteristics of the Pacific Region—“Islandness” 

PICTs have traditionally been classified as “high” or “low,” with further classification 
into volcanic islands, atolls, and raised limestone islands (Carpenter and Jones 2004). 
The high islands primarily consist of rugged volcanic mountains surrounded by 
fringing or barrier reefs. Some islands also exhibit a fringe of low-lying coastal 
plains surrounding the mountainous interior (Forbes et al. 2013). Atolls consist of 
limestone reef deposits laid down on an underlying volcanic cone. In most cases, 
the portion of atolls above sea level is usually not more than a few meters high 
and have an area of a few square kilometres, for example, Kiribati and Tuvalu. It 
is the challenges associated with island size, remoteness, extreme vulnerability, and 
associated resource constraints that further contributes to “islandness” context of 
PICTs (Campbell, 2009; Kelman  2018, Malua and UNCTAD 2003). The PICTs 
smallness constitutes a major constraint on its resource management use of limited 
land for various resources—water, food, and energy. 

The vulnerabilities associated with uncertain climate futures are real in PICTs. 
Almost 97% of Pacific people (excluding Papua New Guinea) live within ten kilo-
meters from the coast, more than half of it live within one kilometers of the coast, and 
more than 90% of Pacific Islanders live within five kilometers of the coast (Andrew 
et al. 2019). All the population in the coral atoll nations of Kiribati, Tokelau and 
Tuvalu live within a kilometre of the ocean (Andrew et al. 2019). The coastal zones of 
PICTs are incredibly important areas for human habitation and economic endeavour, 
encompassing all the opportunities and risks that are associated with it. The “island-
ness” of PICTs are further illustrated in Table 15.1. It is within this 10 km coastal zone 
where most of the economic activities take place, resources are constantly exploited, 
and where the WEF nexus could be most applicable.

Four of the PICTs, Vanuatu, Tonga, Solomon Islands, and Papua New Guinea 
(PNG) are among the world’s most disaster-prone nations (Radtke 2020). A further 
four PICTs even include the undesirable classification as being among the most 
vulnerable nations in the world to climate change. These are the low-lying coral 
atolls and reef islands, Kiribati, Tuvalu, Tokelau, and the Marshall Islands. As Pacific 
societies adjusts, responds, and adapts to the increasing vulnerabilities posed by the 
changing climatic future, the WEF nexus provides the complex opportunity to build 
resilience and mitigate threats. 

The PICTs face unique and yet similar challenges in managing water, energy, 
and food security. Water, however, has featured most prominently as a challenge to
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Table 15.1 Geographical, population, and risk characteristics of selected PICTs 

Country or 
territory 

Land area 
[km2] 

Sea 
area/EEZ 
[km2] 

Population Ratio of 
the sea to 
land area 

Island type % living  
within 
1 km  
from the 
Coast 

World 
risk 
index 

American 
Samoa 
(US) 

199 390,000 56,813 1,960 High islands 61 – 

Northern 
Marianas 
(US) 

457 1,823,000 56,608 3,989 High islands 100 – 

Cook 
Islands 

237 1,830,000 15,281 7,722 High islands 
and atolls 

91 – 

Fiji 18,272 1,290,000 894,961 71 High island 
with a few 
minor atolls 

41 12 

French 
Polynesia 
(Fr) 

3,521 5,030,000 278,908 1,429 High islands 100 – 

FSM 701 2,980,000 105,503 4,251 High islands 
and atolls 

100 – 

Guam 
(US) 

541 218,000 176,664 403 Uplifted 
ophiolite 

30 – 

Kiribati 811 3,550,000 118,744 4,377 Predominantly 
atolls 

100 19 

Marshall 
Islands 

181 2,131,000 54,590 11,773 Atolls 100 – 

Nauru 21 320,000 11,690 15,238 Raised coral 
island 

93 – 

New 
Caledonia 
(Fr) 

18,576 1,740,000 273,015 94 High island 57 – 

Niue 259 390,000 1,562 1,506 Raised coral 
island 

25 – 

Palau 444 629,000 17,930 1,417 High islands 
and atolls 

93 – 

PNG 462,840 3,120,000 8,934,475 7 High island 
with a few 
small atolls 

8 6 

Samoa 2,935 120,000 198,646 41 High islands 61 94 

Solomon 
Islands 

28,370 1,340,000 712,071 47 High island 
with a few 
atolls 

65 4

(continued)
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Table 15.1 (continued)

Country or
territory

Land area
[km2]

Sea
area/EEZ
[km2]

Population Ratio of
the sea to
land area

Island type % living
within
1 km
from the
Coast

World
risk
index

Tokelau 
(NZ) 

12 290,000 1,506 24,167 Atolls 100 – 

Tonga 650 700,000 99,780 1,077 High island 
with a few 
small atolls 

84 3 

Tuvalu 26 900,000 10,580 34,615 Atolls 100 – 

Vanuatu 12,190 680,000 294,688 56 High island 
with a few 
small atolls 

64 1 

Wallis and 
Futuna 
(Fr) 

142 300,000 11,441 2,113 High islands 92 – 

TOTAL 551,390 30,571,000 12,325,506 55/310* – 

Sources Population data is from Statistics for Development Division https://sdd.spc.int/topic/population 
Percent of population living within 1 km of coast from Andrew et al. (2019) 
World risk index data from Radtke (2019)

be addressed throughout the PICTs. PICTs are often subject to water extremes; too 
little or too much water. To address this requires long-term commitment. It requires 
both political support and local and innovative approaches to chart a course through 
a turbulent future by drawing from experience globally and tailoring it to suit the 
regional and national context. The WEF nexus approach attempts to provide such a 
pathway enticing PICTs to adopt an integrated approach in resource management, 
which accounts for co-benefits and trade-offs in policies related to energy, agricul-
tural, and water sectors. Limitation due to “islandness” and also resource ownership 
regimes in PICTs means access to the natural resource is hotly contested. 

15.3 The Resource Challenge in the Pacific 

“We have a young and fast-growing population. This means many mouths to 
feed and bodies to clothe and take to the clinic. We have only so much land for 
food gardens and our forests are declining from over-logging. We can choose 
to prepare for the future, or we can try to go back to the old ways that led to 
falling prosperity and violence and destruction of the ethnic tensions”. Peter 
Boyers, Solomon Islands Finance Minister, Radio SIBC, 28 November 2005.

https://sdd.spc.int/topic/population
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The PICTs have natural disadvantages imposed by their small sizes and remote-
ness. This has been rightly put by Peter Boyers, Solomon Islands Finance Minister 
(2005–2006). As dealt with in detail in Chaps. 5 and 10, climate change and extreme 
weather events are impacting the hydrological cycle in the Pacific. These events, such 
as irregular rainfall (with resulting floods and droughts), changing weather patterns, 
storm overtopping (Fig. 15.2), saltwater intrusion, and increased storm intensities, 
all have significant impacts on water availability and agriculture production and food 
security in the region. Moreover, energy continues to be a key priority in the region, 
given that almost all PICTs remain highly dependent on imported fossil fuels. 

Like most countries in world, securing future food availability is a top priority in 
most of the Pacific Island Countries (ESCAP, 2013). The region is highly dependent 
on imported food, with agriculture still catching up to be a significant part of the 
formal economy in many PICTs. Agriculture accounts for less than 30% of GDP in 
all PICTs, and for most, it accounts for less than 20% (Barnett 2020, Piesse n.d.). As 
discussed by (Campbell 2015), food security in PICTs varies from country to country 
and is largely dependent on geo-physical characteristics of islands; ranging from 
raised volcanic island (Melanesia) with fertile lands, to low-lying atolls (Polynesia 
and Micronesia) (McGregor et al. 2009). 

Both the Boe Declaration on Regional Security, signed at the Pacific Islands Forum 
in 2018, and the Pacific Islands Forum Summit Kainaki II Statement in 2019, reiterate 
‘climate change remains the single greatest threat to the livelihoods, security, and

Fig. 15.2 Sea level rise and 
overtopping are a ubiquitous 
risk throughout the Pacific 
(©Amit Singh) 
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wellbeing of the peoples of the Pacific’ (Piesse, n.d.). The situation is critical for 
low atoll islands, many of which are only two to five metres above sea level at their 
highest point and are threatened by rising sea levels that are likely to weaken food 
and water security (Barnett 2011, 2020; Piesse n.d.). 

15.3.1 Water Challenges 

“The challenges facing the region in terms of freshwater resources are immense. 
Many of these islands have limited water resources, not to mention human, 
financial and management resources. It is imperative that we improve water 
use efficiency to meet the basic human needs and to support sustainable devel-
opment,” Dr. Park Young-Woo, Regional Director of UNEP Regional Office 
for Asia and the Pacific—April 22nd, 2012. 

Water resources are crucial for human, environmental sustenance, and ecosystem 
well-being (White and Falkland 2010). Atoll PICTs are most vulnerable in terms 
of availability of water resources (Oberle et al. 2017; White and Falkland 2010), 
continual impacts of climate change (Falkland and White 2020) and human activi-
ties (Falkland and White 2020). The vulnerability of water resources and associated 
socio-economic and environmental stresses in the Pacific is closely related to the 
availability of water (Duncan 2011), in terms of both quantity and quality. Climate 
change will further exacerbate water stress in PICTs, particularly small island states 
that rely on seasonal rain for their freshwater needs. The spatial and temporal vari-
ability of water further adds to water stress in larger islands in the Pacific. As popu-
lation growth and urbanization rates in the region rise, the stress on PICTs water 
resources rapidly deepens with the need for investment in centralized systems and 
changing lifestyle demands. 

The most water stressed PICTs are atoll nations (see examples in Table 15.2). They 
exhibit a spectrum of issues emanating from reliance on shallow freshwater lenses, 
most of which are less than 15 m deep (Oberle et al. 2017). Their susceptibility to 
pollution and contamination, resource degradation, over-exploitation, salinization, 
and drought-induced water scarcity make water security especially fragile. In such 
a landscape the competition over scarce available land area for groundwater protec-
tion, recharge and use, food production, and renewable energy installations are in 
constant conflict. The need to adopt water and resource management policies that 
promote and foster the sustainable use of water resources, while promoting economic 
growth is increasingly an important issue. In such a setting, the WEF nexus offers 
an integrated approach and sets a platform to analyze the synergies, trade-offs, and 
competing interest for a particular resource between the different sectors to maximize
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the efficiency of the resource use. This then allows appropriate policies to be devel-
oped and adopted and institutional arrangements made to benefit from cross-sector 
synergies.

During the last two decades, there have been multiple attempts led by development 
partners, including GEF, EU, ADB, and World Bank for PICTs to adopt and follow 
Integrated Water Resources Management (IWRM) for water resources management 
and governance. Supported by multiple donors including the Global Environmental 
Facility (GEF) the United Nations Development Programme (UNDP), there was an 
attempt to formulate national water strategies and action plans and implement water 
policies grounded in IWRM principles, through the Sustainable Integrated Water 
Resources Management in the Pacific Project implemented by SOPAC in (2004– 
2008) and the EU-funded Pacific IWRM National Planning Programme (2008– 
2013). However, despite this regional effort in most countries, a significant gap 
remains in the implementation of the institutional framework, a vital pre-requisite 
for IWRM. There are multiple reasons for such delays, the most prominent ones 
include the sectorial-based approach to water management, leading to fragmenta-
tion of water sector management in many PICTs. It is quite evident that the water 
agenda in the region is set by concepts emanating out of the global discourse on water 
management, whether it be IWRM, water security, blue economy, etc. Water develop-
ment and environmental management in the region is heavily contested with multiple 
international and regional agencies running parallel programs, aimed at providing 
water and climate related interventions. This includes the promotion of water and 
sanitation, water security, and groundwater management as distinct priority areas. 
This illustrates that there is to some extent a “niche” approach by agencies who work 
in the water sector in the region with water security seen through varying institutional 
lenses. These agencies have established a specialization in the broad water discourse 
and pursue them through projects implemented in the region. Critical analysis of 
projects implemented in the water sector in PICTs during the last decade (2008– 
2018), illustrate an investment of approximately USD 600 million in water sector 
(Lowy Institute 2019) including multiple projects in water sanitation and hygiene 
(WASH), water security, and groundwater. While this illustrates continuous devel-
opment support to address water stress in the region, support in addressing water 
extreme events like floods, water efficiency, and irrigation efficiency are still yet to 
be tapped. 

To support effective governance of water resources in the region there is an urgent 
need for an institutional and legislative enabling environment to be in place, before 
large infrastructure-based water projects could be implemented. There are very few 
countries (PNG, Palau Samoa, and American Samoa) (Mirti and Davies 2005) in the  
region that have water-related legislation. As such, it is critical to create modern water 
legislative instruments for integrated water management and governance. Moreover, 
greater efforts are required to revise and modernize archaic and existing laws and to 
strengthen the institutional capacity necessary for water management in the region.
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Fig. 15.3 Electrification levels in PICTs (population) (Source SPC [2017]) 

15.3.2 Energy Challenges 

PICTs have one of the highest dependencies on imported petroleum fuel anywhere 
in the world (Table 15.2). See also Chaps. 3 and 12. Oil price volatility therefore 
often significantly challenges the energy and economic security of PICTs. Changes 
in global oil prices disproportionately affects PICTs by undercutting socio-economic 
stability (Jayaraman and Choong 2009; Narayan et al. 2008), operational costs of 
power utilities (Jayaraman and Choong 2009; Levantis 2019), and eventually house-
hold disposable income (Dornan 2015; Prasad et al. 2007). Despite PICTs importing 
a large amount of fossil fuels, energy access remains alarming low in most of the 
Melanesian countries, Vanuatu, Solomon Islands and Papua New Guinea, compared 
to other PICTs (see Fig. 15.3). 

With almost all PICTs being highly dependent on imported fossil fuels, energy 
security continues to be a key regional priority. As PICTs continues their economic 
development, the energy demand will increase, whether it is provided through fossil 
fuel or renewable sources is at the hands of policy implementation and not just aspi-
ration. Many PICTs through the National Determined Contributions (NDCs) as part 
of the Paris Agreement (Michalena and Hills 2018) have demonstrated the desire 
to move to renewables and have set an ambitious target for 2030, see Fig. 15.4, 
below. Resources constraints that allow effective and affordable policy implemen-
tation whether it be finance, technology, capacity or land and water (in atolls) will 
determine the future of renewable energy in the region. This is covered in detail in 
Chaps. 3 and 12.

15.3.3 Food Challenges 

…climate change will adversely affect food systems in the region, including the supply of 
food from agriculture and fisheries, the ability of countries to import food, systems for the 
distribution of food, and the ability of households to purchase and utilize food. (Barnett 
2011)
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Meeting)

While PICTs have been identified as highly vulnerable in numerous discourses, food 
security has been key to many traditional Pacific Island societies, whether it be inland 
or coastal communities on large islands with considerable natural assets, or those 
that are on extremely small, low-lying atolls with little to no soil and limited water 
resources (Campbell 2020; Charlton et al. 2016). Food security in PICTs has been 
sustained through agroecological biodiversity (Iese et al. 2018), the production of 
surpluses, and food preservation and storage that has seen them through important 
times of hardship, such as extreme natural events, including the use of resilient crops 
and ‘famine’ foods (Campbell 2020). This however has changed with colonization 
(Chap. 11), and continuing urbanization, with many of above practices in decline 
(Chap. 4). Crop diversity and resilient crop strains have been sacrificed (Allen 2015; 
Campbell 2020) to make way for high priced export commodities. Resultingly, food 
import reliance has increased throughout the region especially in the low atoll islands 
of Micronesia (Connell 2015; McGregor et al. 2009). 

The traditional food system in PICTs is designed such that traditional staple crops 
such as breadfruit, wild nuts, yams, taro, and fish and dried fish products provide an 
all-year-round supply of food (Allen 2015; Charlton et al. 2016; Iese et al.  2018); 
however, this is under threat by climate change induced water availability (Barnett 
2011; Iese et al.  2018). This has led to transition in food in PICTs (Popkin 2006), 
inducing a shift in dietary patterns from typically complex carbohydrates, fresh fish 
and meat, and leafy greens, to increasingly modern diets, based on refined starch, 
oils, processed meats and confectionary (Charlton et al. 2016). 

In the PICTs agriculture and tropical fruits grown in home gardens and commer-
cially are vitally important; they determine food security and makes a huge contribu-
tion to the “livelihood of the populace and gross domestic product” (Rosegrant et al. 
2015). 

Climate change poses real and irreversible risks to the food security of individuals 
and PICT communities (Barnett 2020), and will affect both the agriculture and marine 
resources of the region. Given the proximity of farms to coasts, and the fact that almost 
90% of Pacific islanders live within 10 km of the sea (Andrew et al. 2019), changes in 
sea level will exacerbate coastal inundation, soil salinization, and seawater intrusion
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into arable farmlands, thereby affecting the sustainability of coastal agriculture and 
associated livelihood (Chaps. 2 and 4). 

The discussion above illustrates that the Pacific region is largely a resource-
stressed region. Confronting this stress requires radical re-thinking of current busi-
ness as usual practice and charting a course to navigate through a turbulent and 
uncertain climatic future. 

15.4 Understanding of the Nexus—Pacific Context 

Human Right to Water 
The Food and Agriculture Organization (FAO) projects that 60% more food 
and 80% more energy will be required by 2050 to meet global demand; an 
increase in total global water withdrawals by 50% in developing countries and 
18% in developed countries by 2025 is projected. This situation is aggravated 
by a number of factors, for example, the increasing number of people adding 
meat to their diets, which is energy and water intensive. The inter-linkages 
between water, energy, and food are affecting the development of each of these 
sectors. 

The nexus approach focuses on the interdependence of water, energy, and food; 
the understanding of challenges and opportunities; and provides motivation on new 
approaches for managing water, energy, and food resources (Liu et al. 2017). The 
versatile utilization of water, energy, and food from multiple sources is a reality in 
many of the PICTs. Addressing water, energy, and food uncertainties are prerequi-
sites for social stability and economic growth. Yet in the region, management and 
governance of water, energy, and food are still sectorial with minimal interaction 
between the three, despite widespread and evident interdependence (Taniguchi et al. 
2017). This fragmentation is typical and has been greatly discussed by (Weitz et al. 
2017), when considering the governance around a WEF nexus approach. 

Despite advances in WEF nexus research and understanding (including inter-
relations, data integration, modelling, governance, and policy aspects) and the 
increased awareness of the close relationship of water, energy, and food there remain 
many challenges in operationalizing WEF nexus in PICTs. This is largely because 
in today’s world water, energy, and food are sectorial managed and funding, policy-
making, and oversight of these resources are sectorial based. This “silo” often leads 
to negative trade-offs impacting policy and technological choices. Observations that 
water, energy, and food are too often managed in various, and often very different 
spatial and temporal scales (Liu et al. 2017; Weitz et al. 2017) are very relevant and 
applicable in PICTs, given the current fragmented resource management paradigm 
in PICTs. A more holistic approach to resource management is required, whereby 
planning and policy making considers all three WEF sectors together, along with
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their drivers and pressures (e.g., climate change, socio-economic development), in 
order to develop policies that consider cross-sectoral impacts and attempt to harness 
synergies while minimizing trade-offs. 

15.5 Water, Energy, And Food Nexus Challenges in PICTs 

The WEF nexus has inspired many discussions on new approaches for managing 
water, energy, and food resources led by agencies such as ESCAP and FAO at regional 
and international conferences such as 2nd Asia–Pacific Water Summit and the Inter-
national Conference on Water, Energy and Food Nexus for Sustainable Development, 
2014. In many ways, the WEF nexus approach and terminology has not enjoyed the 
same prominence and popularity as other paradigms such as “blue economy” and/or 
“green economy”, certainly not in PICTs and the region. One of the reasons is that 
for the WEF nexus there were no PICT advocates to push the concept. It is inter-
esting to note that though both “blue-green economy” and “WEF nexus” are foreign 
to the region and despite both stressing the complementarities between economic, 
environmental, resource objectives, and trade-offs, the uptake on “blue economy” 
is far greater than that of WEF nexus in the PICTs. Historically, international aid 
agencies, non-state actors, multilateral institutions, and regional organizations too 
often promote such discourse in the region, yet with WEF nexus this has not been 
the case. 

It is not surprising that the regional natural resources policy space is heavily 
contested, PICT national governments adopt global discourse based on the relevance 
to their national agenda which determines their alignment and support for particular 
discourse. Given such observations, it becomes critical to explore the reasons for the 
lack of traction of WEF nexus in the region, of which there could be several. Three 
notable reasons are: (1) the challenge of incorporating and enhancing the compo-
nents of this multi-centric nexus, especially in a fragmented resource governance 
architecture within most of PICTs, (2) as novel the WEF approach may be, it lacks 
concise narrative outlining mandate and affiliation to global commitments, such as 
the SDG’s, and as such it is simply seen as repackaging of an existing framework, 
e.g., IWRM, around water, food, and energy. The WEF nexus is multi-faceted and 
is too often seen as either an analytical tool or a governance approach; however, 
the WEF nexus could also be realized as an emerging discourse (Liu et al. 2017) 
and provide a platform to start regional discussions on resource scarcity, trade-offs, 
and resource sustainability in PICTs. Such discussions are important in PICTs as 
apart from addressing national resources scarcity, it also provides the opportunity 
to combine efforts for realization of Agenda 2030, as water, energy, and food are 
present individually and in combination in most, if not all of the SDGs, although 
nexus approaches per se are not included in the goals. What this means for PICTs is 
that WEF nexus has not been able to mobilize any regional initiatives or projects. This 
in itself demonstrates the lack of prominence WEF nexus had at national, regional, 
and development space in PICTs. (3) the understanding and usage of the term WEF
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nexus is “plural, fragmented, and ambiguous” as discussed by (Simpson and Jewitt 
2019), and hence an energy sector speaks of the energy-water-food (EWF) nexus, a 
hydrologists and water engineers call it the water-energy-food (WEF) nexus, while 
those in the agricultural use the term, the food-energy-water (FEW) nexus (Liu et al. 
2017). This variance in terminology illustrates that that the conceptual approach 
to the WEF nexus is generally dependent upon the perspective of the particular 
researcher, policy-maker, or agency, and different groupings embracing the WEF 
nexus with contrasting foci, e.g., sustainability, the green economy, trade-offs, liveli-
hoods, climate, resource optimization, or scarcity (Simpson and Jewitt 2019). As 
such, driving such concept in a region becomes difficult. 

The water perspective is still dominant in the WEF nexus discourse (Endo et al. 
2017); however, as a nexus approach, there is a need to promote equal participation 
of all involved sectors (Nauditt 2018). In a resource-constrained low lying atoll 
environment, water is prioritized, so in such case “water for agriculture for food” 
does not take precedence nor does it make sense to push the agenda. 

The trade-off between water, energy, and food is more drastic in PICTs compared 
to other parts of the world. One of the reasons is that there is no large-scale agriculture 
(Griswold 2021) or large dams in the region (Singh 2019), minimizing a need to 
quantify and address tangible large-scale trade-offs via a nexus approach. As with 
much of the international development agenda the WEF nexus approach is also seen 
as a neoliberal idea, with economic ties and pushing for rapid growth (Bell, Matthews 
et al. 2016; Bell, Taylor et al. 2016; Müller-Mahn and Gebreyes 2019; Wiegleb and 
Bruns 2018) and “development” rather than an interdisciplinary nexus approach for 
resource management. 

It is too often seen that in the context of WEF nexus that some components of 
each are included more often than others and, in some cases, certain aspects are 
left out. For instance, looking at energy, electricity generation through hydropower 
dams often take key precedence, and more often water quality or environmental flow 
requirements are left out. Examples include dam operations of major dams around 
the world including Cahora Bassa in Mozambique and impacts of its operations 
on natural flooding and geomorphology in Zambezi delta (Singh 2017). This is a 
considerable trade-off in importance of what is prioritized, particularly when talking 
about agriculture and water interactions. 

In PICTs most of the population live within 10 kms of the coast (Andrew et al. 
2019) and marine-food sources. The WEF nexus may seem out of context in such 
a situation, as most of these dwellers largely depend on coastal fisheries for their 
sustenance (Chap. 4). The goal then is to re-imagine the Western WEF nexus and 
tailor it for the specificities of the PICT region, refocussing it to place the prominent 
issues of water supply, sustainable energy generation, and a shift to traditional food 
production at the centre of nexus analyses. 

PICTs ability to untangle and uptake the WEF nexus as a policy consideration 
is also limited by the lack of systematic tools, information, and awareness on the 
trade-offs involved in the nexus, meaning the adoption and implementation of WEF 
nexus becomes extremely challenging. In this regard, the recently developed WEF
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Nexus Index (https://wefnexusindex.org/) could play an important role in facilitating 
new WEF related discussions in the region. 

15.6 Water, Energy, and Food Nexus Opportunities 
in PICTs 

Understanding the opportunities that the WEF nexus presents for the management of 
water, energy, and food systems is becoming increasingly important and is critical to 
a sustainable and secure future for all PICTs. The Bonn 2011 Nexus Conference held 
in preparation for the United Nations (UN) Rio +20 Conference, further highlighted 
the need to address sustainability issues in the closely related sectors of water, energy, 
and food security. 

“The old ways of growing our economy, of developing our nation, are no 
longer adequate or acceptable. We need to reshape our development strategies 
away from the conventional growth model of exploiting particular resources 
for our own use in the here and now. We need to refine our existing approaches 
and forge a new development model—one that is more holistic, integrated, 
inclusive and above all sustainable … this Green Growth Framework will be 
one that is truly home grown, truly Fijian. And it will benefit not only Fijians 
but be ready to serve as a model for our island neighbours, who look to us 
for leadership on this issue as they do on other things relating to their own 
development”—Fiji’s Prime Minister, Josaia Voreqe Bainimarama. 

Nexus Opportunity Areas: The water, energy, and food sectors have numerous 
interlinked policy concerns ranging from sustainability, access, climate change adap-
tation/mitigation, and environmental impacts. These issues manifest in very distinct 
ways in each of the three sectors but often the impacts are closely related, as such, it 
becomes important to identify these interrelationships and maximize synergies and 
to resolve current, and avoid any potential conflicts (Hamdy et al. 2014). WEF Nexus 
opportunities present themselves by cutting across interlinked decision spaces and 
facilitating the identification of win–win solutions. Such opportunities include: 

Synergy and trade-off awareness in resource management: The WEF Nexus 
provides the opportunity for policy coherence, ensuring that synergies and trade-
offs among water, energy, and food are identified both in design and implementation 
policies, plans, and projects (Hamdy et al. 2014). This is where nexus approaches 
such as casual loop diagrams, developed with stakeholders via group model building 
exercises, can prove very useful (Purwanto et al. 2019). Excessive exploitation, non-
sustainable management, and increasing demand have caused severe degradation of 
the natural resources in PICTs. Climate change and competition for land especially

https://wefnexusindex.org/
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in atolls have further exacerbated the issue and caused land degradation and reduced 
water and land productivity, in turn having an impact on biodiversity and a wide range 
of ecosystem services. The WEF nexus provides a pathway to maximize the use of 
scarce coastal agricultural land available in the region, allowing for water and energy 
infrastructure (e.g., solar farms) to compliment agricultural lands, maximizing the 
arable land use. 

Integration of efforts: The WEF nexus, through its synergistic linkages of water, 
energy, and climate policy, allows policymakers to develop integrated policies and 
frameworks and explore and exploit synergies when dealing with water, energy, and 
food security. A WEF nexus approach can link a range of policy options to balance 
national and regional development and achieve a more comprehensive, resilient, and 
sustainable future. It also provides opportunities for sustainable economic, social, and 
environmentally responsible benefits for the people of the Pacific. A nexus approach 
further provides a paradigm shift away from conventional sectoral policy and decision 
making and gives way to an integrated approach that reduces trade-offs and builds 
synergies across water, energy, and food sectors through a nexus approach. 

Transitioning towards a blue-green economy: To succeed, a blue-green economy 
must go beyond sectorial solutions and actively address the water, energy, and food 
security in line with human rights-based approaches. The terms “green growth” 
and, “blue-green economy,” have gained considerable traction in the PICTs and 
informs national and regional policies (Dornan et al. 2018). The PICTs, through 
each country’s national sustainable development strategies aspire to achieve greener 
and more inclusive economic growth, and a WEF Nexus approach can provide this. 
The nexus approach can support the transition to a green economy which aims among 
other things, at resource use efficiency and greater policy coherence between WEF 
sectors, to establish policy frameworks, and enhance the economy inclusive and 
positive to environmental sustainability. Indeed, the green economy itself is the nexus 
approach par excellence. 

Moving forward, the WEF Nexus is still yet to be fully realized in the PICTs. 
There is an urgent need for institutional set-ups and procedures to support the main-
streaming of the WEF nexus approach into national policies, strategies, and activi-
ties of the PICTs. Integration of and deliberations on the WEF nexus at national and 
regional levels may provide opportunities to analytically analyze the nexus in respect 
to natural disasters and climate change, and in doing so improve and enhance the 
overall resilience of the country and the society. 

While some PICTs may be more self-sufficient in food production than others, 
all PICTs are very much not self-sufficient in energy production. The production of 
energy from the renewable source has to the potential to positively impact most of the 
PICTs GDP, given agriculture, forestry, and fishery contributions to GDP has been 
on a decline in most of the PICTs (McGregor et al. 2016; Stewart  2006). Disparity 
in security for different parts of the nexus is observed in many relationships between 
water, energy, and food self-sufficiency and diversity in the region. Strengthening of 
WEF Nexus in the region requires a set of interventions to strengthen the awareness, 
information, institutional capacities, and the intra-regional dialogue, to enhance data 
collection and management, as well as to implement economic instruments and
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integrated economic approaches to measure the impact of Nexus into the economy 
and employment. 

The WEF nexus approach has the potential to greatly inform discussions on 
achieving interconnected SDG targets and subsequent monitoring of the SDGs. There 
is an opportunity to promote the WEF nexus as a conceptual tool for achieving 
sustainable development goals in the PICTs. WEF implementation has for too long 
been seen as nirvana concept (Molle 2008), and has failed to explicitly or adequately 
incorporate sustainable livelihoods perspectives (Biggs et al. 2015). However, there 
are clear synergies (socio-ecological pressures, governance, the environment, envi-
ronmental and economic security) between the SDG’s and WEF Nexus approaches. 
For successful implementation of a WEF Nexus approach in the region, moving 
forward the nexus framings need to consider key issues in food, water, and energy 
security through a sustainability lens in order to predict and mitigate against risks of 
future insecurity. Applying the WEF nexus approach in such a way would stream-
line its integration into national development plans and national adaptation plans, 
via regional instruments such as Framework for Resilient Development (FRDP). 
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Chapter 16 
Nexus as a Lens for SDG Implementation 
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Tackling the food-water-energy and ecosystem nexus in the 
Pacific through an ecosystem-based approach known as Ridge to 
Reef. 

Abstract Water is profoundly linked to the development and sustainability of all 
nations. It forms a natural connection across the Sustainable Development Goals, all 
sectors of the nexus, and even between countries. The Global Environment Facility 
(GEF) International Waters focal area realizes that the water, energy, and food nexus 
can be both a source of tension and an entry point for cooperation. The GEF works 
with island countries to tackle the nexus through an ecosystem-based approach known 
as Ridge to Reef (R2R). This chapter highlights some of the practical on-the-ground 
solutions demonstrated by national projects and how the GEF-UNDP Pacific Ridge 
to Reef Programme is creating entry points for enabling the water, energy, and food 
nexus that are aligned with the Sustainable Development Goal outcomes. 
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16.1 Introduction 

16.1.1 Water-Energy-Food-Ecosystem Nexus 
And the Sustainable Development Goals 

Adopted by Member States in 2015, the 2030 Agenda for Sustainable Development 
provides a shared blueprint for peace and prosperity for people and the planet. At its 
core are the 17 Sustainable Development Goals (SDGs) which are an urgent call for 
action for a global partnership to end poverty, improve health and education, reduce 
inequality, and stimulate economic growth while simultaneously tackling climate 
change and preserving our natural environment (United Nations 2014). Achieving 
the SDGs requires all relevant stakeholders to work together and manage the syner-
gies and trade-offs among different management or governance sectors including 
food, health, water, and energy (Rockström 2016). Balancing the trade-offs between 
immediate human needs and preserving ecosystems which provide critical functions 
requires integrated approaches and tools to achieve the SDGs successfully. Further-
more, for governments to manage these resources sustainably there needs to be a 
greater understanding and control of the dynamics linking policy decisions at the 
basin, local, regional, and national levels (Roidt and Strasser 2015). Ecosystem-
based management, valuation of ecosystem services, natural capital, and integrated 
water resources management are approaches that have been developed to address 
these issues and can assist in the achievement of the SDGs (Liu et al. 2018). By 
emphasizing the importance of understanding synergies, connections, and trade-offs 
the concept of the water-food-energy-ecosystem nexus builds on and compliments 
these approaches (Liu et al. 2018). 

Water is essential for all life and forms a natural connection across all sectors 
of the nexus and even between countries. It provides stability to ecosystems, is the 
underlying resource for the production of energy and food and is critical to peace and 
security (Roidt and Strasser 2015). Food as a component of the nexus includes the 
agricultural sector with sectoral priorities such as sustainable and climate smart value 
chains, sustainable and efficient water use, management of competing land usage, and 
sustainably meeting the sectors energy needs (Roidt and Strasser 2015). Sustainable 
development of energy sources could address trade-offs and should result in environ-
mental benefits such as reduction of greenhouse gas emissions, mitigation of climate 
change, and reduced water demand (Roidt and Strasser 2015). Water, energy, and 
food are dependent on proper ecosystem functioning. Without this, the various sectors 
cannot attain freshwater for use, exploit valuable sources of energy, use them as sinks 
for pollution, and profit from them in agriculture (Roidt and Strasser 2015). While 
nexus efforts have mainly focused on terrestrial and freshwater ecosystems, marine 
ecosystems are also pivotal in providing food, energy, and other ecosystem services. 
While the trade-offs and synergies are still emerging, marine ecosystems play a vital 
role in contributing towards food security (fisheries and aquaculture), freshwater 
security (desalination), energy production (wave, tidal, and wind energy; offshore oil
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and gas), and ecosystem services (weather and climate regulation, cultural services, 
economic activity, primary production) (Liu et al. 2018). 

By their very nature, the SDGs have been designed to be interconnected such that 
action taken with regard to one of these goals is likely to have implications on one 
or more of the other goals. Thus, increasing evidence suggests that the water-food-
energy-ecosystem nexus approach can influence the achievement of the SDGs both 
directly and indirectly (Fig. 16.1). 

Fig. 16.1 The sustainable development goals are directly or indirectly influenced by the water-
food-energy-ecosystem nexus approach. Image adapted from Liu et al. (2018) and the UNECE 
Water Convention “A nexus approach to transboundary cooperation: The experience of the Water 
Convention” publication (2018)
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16.1.2 Financing Nexus Solutions: The Global Environment 
Facility 

The Global Environment Facility (GEF) emerged from the 1992 United Nations 
Conference on Environment and Development (Rio Earth Summit) as the key finan-
cial mechanism for the global environment. The GEF’s first operational strategy 
would establish partnerships among United Nations Agencies, the international envi-
ronment conventions, and the participating countries, which were necessary to tackle 
urgent global environmental concerns. This strategy also placed priority on develop-
ment of monitoring and evaluation approaches to support the capture and sharing of 
lessons learned from investments. This initially involved definition of overarching 
objectives and result areas for focal areas including biological diversity, climate 
change, and international waters. These were further elaborated in a suite of related 
operational programs. Fundamental to this was the recognition that success of the 
GEF mandate required the application of innovative and experimental approaches to 
efforts aimed at reversing global environmental degradation trends. 

16.1.2.1 Overview of the GEF International Waters (IW) Focal Area 

The GEF is the largest funding mechanism for multi-country collaboration on water 
and oceans with 156 GEF recipient countries and 24 non-recipient countries working 
together to manage their transboundary water resources. The GEF International 
Waters (IW) focal area has a unique mandate to support transboundary cooperation 
in shared water bodies including rivers, lakes, aquifers, and large marine ecosys-
tems (for Small Island Developing States (SIDS), the specific GEF IW approach is 
elaborated on in Sect. 16.2.1.1). Actions of this support include the conduct of a 
Transboundary Diagnostic Analysis to identify environmental concerns for shared 
water bodies; the formulation of a Strategic Action Programme to address priority 
transboundary concerns; and technical assistance, capacity building, and demon-
stration and pilot activities. This focus on transboundary concerns naturally leads 
to emphasis on multi-country projects, often in areas characterized by significant 
geo-political tensions. Such projects have invested considerably in efforts to build 
trust and capacity to manage shared resources among the participating countries in 
working together to plan and implement actions aimed at reversing environmental 
degradation trends. Success has largely been measured on the effectiveness of invest-
ments in securing the highest levels of political commitment and financial support 
for the required policy and legal reforms and actions to address a diverse range of 
transboundary issues associated with habitat degradation and loss, over-exploitation 
of fish stocks, land-based pollution, and securing shared freshwater resources.
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16.1.2.2 The GEF Strategy And Nexus 

In shared basins, cooperation can assure greater water, energy, food, and ecosys-
tems security compared to unilateral development options. Enhanced economic ties 
and multi-level interactions among countries sharing a basin/sub-region lessen the 
likelihood of conflict. The GEF IW focal area realizes that the water-energy-food-
ecosystems nexus dimensions can be both a source of tension and an entry point for 
cooperation. The GEF-7 Investment (2018–2022) specifically addresses the inclusion 
of the ecosystem dimension into the GEF Topic “Water, Energy, Land, and Ecosystem 
Nexus” (hereafter the water-energy-food-ecosystem nexus) and increasing environ-
mental security. GEF-7 Investments in the water, energy, land, and ecosystem nexus 
supports supply chain approaches, water efficiency, de-risk innovation, nature-based 
approaches, protecting and rehabilitating aquatic ecosystems, establishing minimum 
environmental flows, sustaining freshwater fisheries and aquaculture, and supporting 
fragile/conflict affected countries. The business of water is complex as it cuts across 
multiple economic sectors (Global Environment Facility 2020a). Both the quality 
and quantity of water resources have to be addressed taking into account the entire 
water-energy-food-ecosystem nexus to ensure that sustainability is achieved across 
the whole system from the source to the ocean (Global Environment Facility 2020b). 
These “Source-to-Sea” linkages are engrained in the GEF IW portfolio, as surface 
water eventually impacts the integrity of coastal habitats with knock-on effects in 
spawning grounds, livelihoods of coastal populations, and ultimately the wider ocean 
that captures all the impacts from land-based activities (Global Environment Facility 
2020b). 

Realizing the increase in demand on water, food, energy, and ecosystem services, 
the GEF engages in integrated approaches across sectoral and focal area dimensions 
to help achieve the SDGs and sustainable use of resources on a global, regional, 
national, and local scale. 

16.2 The Nexus Approach Through the GEF IW Portfolio: 
Global Perspective 

The GEF in partnership with the United Nations Industrial Development Organiza-
tion (UNIDO) and the International Institute for Applied Systems Analysis (IIASA) 
have been engaging in the Integrated Solutions for Water, Energy, and Land (ISWEL) 
project that explored cost effective solutions to jointly meet water, land, and energy 
demands under different development and climate pathways. While this project 
zooms in on two large transboundary basins (the Zambezi and Indus), it also took 
a global approach where tools and methodologies have been developed which are 
transferrable to other regions, potentially including SIDS. 

The economic, social, and environmental systems of SIDS are highly vulner-
able due to their characteristically small size, high population density, remoteness,
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vulnerability to external effects, narrow resource base, and exposure to global envi-
ronmental challenges such as climate change (UNEP 2014). Given these tremendous 
challenges, the water-energy-food-ecosystems nexus approach could be particularly 
beneficial for achieving and embedding sustainability in SIDS. 

16.2.1 The Nexus Approach Through the GEF IW Portfolio: 
Regional Small Island Developing States Perspectives 

16.2.1.1 GEF IW and Small Island Developing States 

Small Island Developing States settings differ widely from the large transboundary 
water systems in which the majority of GEF investments are focused. Water related 
issues in SIDS are rarely what are widely understood to be ‘transboundary’ in nature. 
The GEF strategy captured these differences by building on the 1994 Barbados 
Programme of Action which recognized that SIDS share common water and coastal 
management problems. GEF international waters projects in SIDS have therefore 
focused on addressing common problems shared by small island communities in 
the Caribbean, Pacific, and Africa. Most aspects of environmental management in 
SIDS are directly dependent on, or influenced by, the planning and utilization of 
land resources, which in turn are closely linked to coastal zone management and 
protection. The GEF is working with island countries to tackle the food-water-
energy-ecosystem nexus through an ecosystem-based approach known as Ridge 
to Reef (Global Environment Facility 2017a, b). This approach is designed to 
reverse the degradation of coastal resources by finding ways to reduce the flow of 
untreated wastewater, chemicals, nutrients and sediments from land-based agricul-
ture, forestry, and development into catchment areas. Consequently, under a Ridge 
to Reef approach, Integrated Water Resource Management (IWRM) and Integrated 
Coastal Management (ICM) plans come together to inform long-term sustainable 
use of the natural resources while limiting the impact on the fragile environment 
which is further described in Table 16.1 (Global Environment Facility 2017a, b).

In total, the GEF has provided more than USD 578 million to SIDS in country 
allocated finance across all focal areas. In addition, SIDS participated in a signif-
icant number of regional and global projects and programs that overall totalled an 
additional USD 810 million.1 GEF finance has leveraged several times that amount 
in additional resources for sustainable development (Global Environment Facility 
2018). The current GEF 7 funding cycle (2018–2022) continues to provide strong 
support and an emphasis on the needs of SIDS and Least Developed Countries 
(LDCs). Major international conferences and agreements have supported SIDS, and 
their collective cooperation provides them with a powerful voice to engage at the

1 Figures reflected in the text are derived from 2018 as observed in the Global Environment Facility 
publication “Small Island Developing States and the Global Environment Facility: Building Lasting 
Partnerships”. 
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global level (GEF LME:LEARN 2020). A common trait shared by SIDS are their 
increasing vulnerability to environmental and economic disasters. Recognizing their 
collective strength, SIDS have developed innovative regional management mecha-
nisms such as the Caribbean Community, Indian Ocean Commission, and Pacific 
Islands Forum which are helping to address the high impact of climate change and 
foster resilience (GEF LME:LEARN 2020). In the Pacific, the world’s largest stocks 
of tuna and related pelagic species falls within the national jurisdiction of 22 SIDS 
and overseas territories, making them the custodians of a major international waters 
ecosystem (Degger et al. 2021). Their strong cooperation, with support of the GEF 
funded Pacific Islands Oceanic Fisheries Management Project implemented by the 
United Nations Development Programme (UNDP) and managed by the Pacific Island 
Forum Fisheries Agency (FFA), led to the negotiation of the Western and Central 
Pacific Fisheries Convention and a Commission for the sustainable use and long-term 
conservation of these significant fish stocks (GEF PIOFMP 2022). 

16.2.1.2 Water, Energy, and Food Nexus: A Caribbean Perspective 

If necessity is the mother of invention, then the Caribbean should be way ahead of the 
curve when it comes to the WEF Nexus (Cashman personal communication). Elec-
tricity generation has relied on fossil fuel imports that have placed a heavy demand on 
foreign currency reserves and prices have been high. The Caribbean is a net importer 
of food, some 80% is imported and in most countries, agriculture’s contribution 
to economies continues to decline. Water too is becoming problematic with seem-
ingly increasing frequency of drought conditions affecting water supplies (Cashman 
personal communication). However, the use of renewable energy has doubled in the 
last five years; some are developing geothermal power whilst others, solar power 
with the aim of transitioning to 100% renewables. This is good news for the water 
sector, which is one of the biggest users of power (Cashman personal communica-
tion). Lower power costs will benefit both energy and water consumers including 
the ability to provide for those with affordability or access difficulties. Indeed, some 
water utilities are looking to become power producers themselves, cutting their elec-
tricity costs and reinvesting the savings in upgrading their infrastructure to reduce 
water losses. Another example is the use of thin film solar panels as greenhouse 
covering and the harvesting of rainwater off the panels (Cashman personal commu-
nication). The rainwater is used to water plants whilst the power generated is used 
to cool the greenhouse and runs the computerized irrigation system, producing high 
value crops for the local market, which would otherwise have to be imported. Such 
developments are opening up new markets and opportunities and attracting youth 
into agriculture (Cashman personal communication).
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16.2.1.3 Water, Energy, and Food Nexus: A Pacific Perspective 

In SIDS the land, water, and coastal ecological systems are closely inter-connected. 
Pacific Island Countries have uniquely fragile water resources due to their small size, 
lack of natural storage, competing land use, and vulnerability to natural hazards. In 
most Pacific countries, even small variations in water supply can have a signifi-
cant impact on health, quality of life, and economic development. Recognizing this 
connectivity is key to fostering effective cross-sectoral coordination in the planning 
and management of land, water, forest, and coastal uses by integrating freshwater 
watershed management with coastal area management. This integrated approach 
to freshwater and coastal area management have been termed ‘Ridge to Reef’ to 
emphasize the inter-connections between the natural and social systems from the 
mountain ‘ridges’ of volcanic islands, through coastal watersheds and habitats, and 
across coastal lagoons to the fringing ‘reef’ environments. For low-lying atolls and 
islands, the same concept of Ridge to Reef is the entire land-sea interface and with 
specific connectivity across land, water, and coastal areas. Inherent in the approach 
is the philosophy of cross-sectoral coordination in the planning and management 
of freshwater use, sanitation, wastewater treatment and pollution control, sustain-
able land use and forestry practices, balancing coastal livelihoods and biodiversity 
conservation, hazard risk reduction, and climate variability and change. Similarly, 
the integration of communities, stakeholders, and national governments within such 
a cross-sectoral planning framework is described by Pacific SIDS as a ‘Community 
to Cabinet’ approach. 

Water resource and wastewater management is a key element of efforts to fashion 
sustainable futures for Pacific SIDS (Paterson personal communication). Generally, 
limited surface and groundwater water resources (see Chap. 2) and a reliance on rain 
fed agriculture results in island livelihoods and economies being highly dependent 
on rainfall (Paterson personal communication). In addition to the reliance of Pacific 
SIDs on the effective use and management of rainwater, coastal, and marine habitats2 

resources are also critically important to islands (Paterson personal communication). 
Pacific SIDS, however, face considerable challenges in guiding the sustainable use 
of these resources and achieving interlinked SDG target due to the close linkages 
between and among land, water, and coastal systems on small islands (Paterson 
personal communication). 

16.2.1.4 GEF Pacific Ridge to Reef Programme 

The Heads of States of 13 Pacific SIDS developed and, in 1997, endorsed a GEF 
International Waters Strategic Action Programme (SAP) for Pacific Island Coun-
tries. The document identified priority areas for action in the international waters

2 Coastal coral reefs, seagrass, and mangrove forests are hereafter referred to collectively as ‘blue 
forests’. 
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focal area as improved management of ocean and coastal fisheries, integrated water-
shed and coastal management, and water supply protection. On the basis of the 
Pacific SAP, the GEF International Waters focal area has subsequently invested in 
a series of regional initiatives. The first was the UNDP implemented project titled 
“Implementation of the Strategic Action Program for the International Waters of 
the Pacific Small Island Developing States” initiated between 2000 and 2006. GEF 
support in the years following the conclusion of the IW project has been targeted at 
improved coordination and planning of water resource and wastewater management 
to balance overuse and conflicting uses of scarce freshwater resources through the 
GEF Pacific IWRM Project. The latter was financed by the GEF, implemented by 
UNDP and United Nations Environment Programme (UNEP), and executed region-
ally by the Geoscience Division of the Pacific Community (SPC) in partnership with 
14 Pacific Island Countries (GEF Pacific Ridge to Reef Programme 2020). 

The experience and local capacity in integrated environmental and natural 
resource management generated through the GEF Pacific IWRM project has been 
recognized both regionally and within the 14 participating Pacific Island Countries 
as an appropriate entry point for the testing of innovative approaches and measures 
to integrate land, forest, water, and coastal management, including climate change 
adaptation in Pacific SIDS. The GEF Pacific IWRM Project built on achievements of 
the International Waters Project (IWP) via a focus on national IWRM demonstration 
projects aimed at providing an opportunity to participating countries to implement, 
and experiment with, new management models and methods. The national projects 
built local experience and capacity in project implementation, cross-sectoral coor-
dination, and the conduct of water resource and socio-economic assessments and 
studies needed to contribute to more sustainable management of water resources. 
From this, the knowledge, experiences and best practices generated through project 
execution were captured, shared, and used to guide the development of national 
water and sanitation policies and IWRM plans. The practical on-the-ground solu-
tions to water and sanitation issues demonstrated by the national IWRM projects 
acted to simulate support at both community and national government levels for 
policy reform and the mainstreaming of an IWRM approach as part of national 
development planning. Key anticipated outputs of this process are national IWRM 
Plans to guide full-scale IWRM (Paterson personal communication). 

As a result, the GEF multi-focal area, multi-GEF agency $90 million programme 
titled “Pacific Islands Ridge-to-Reef National Priorities – Integrated Water, Land, 
Forest and Coastal Management to Preserve Biodiversity, Ecosystem Services, Store 
Carbon, Improve Climate Resilience and Sustain Livelihoods” or GEF Pacific R2R 
Programme, was developed (Fig. 16.2). This programme provides an opportunity for 
Pacific SIDS to develop and implement truly integrated approaches for the sustain-
able development of island economies and communities (GEF Pacific Ridge to Reef 
Programme 2020). A “whole of ecosystem” and “whole of island” approach ensures 
that policy, multiple sectors, agencies, and community interests are properly consid-
ered and integrated in the planning and management of resources. This also includes 
increasing attention to gender perspectives and ensuring that measures are taken so
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Fig. 16.2 The programmatic approach of the Regional GEF funded Pacific Ridge to Reef 
programme. Image adapted from the Pacific Ridge to Reef “How we operate” infographic (Pacific 
Ridge to Reef 2020) 

that decision-making is reached through the participation of men and women as per 
the GEF Policy on Gender Equality Global Environment Facility (2017b). 

As part of the project, participating countries have the opportunity to strengthen 
their capacity to successfully demonstrate and transfer technology to support targeted 
vulnerable areas, improve livelihoods and public health, and upscale their effective 
mainstreaming efforts to support countries in achieving their sustainable development 
goals. 

In this programme, the Pacific Island Countries emphasize the need to focus on 
their own priority national activities as they utilize System for Transparent Allocation 
of Resources (STAR) resources. Experience has shown that an integrated approach 
from ridge to reef is necessary for poverty reduction, sustainability, and capacity 
enhancement for small countries with few human resources to undertake projects. 
The national demonstration projects have produced direct local environmental results 
and benefits, and health co-benefits, from changes in practice. The examples below 
highlight the results of the approach.
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Federated States of Micronesia (FSM): National Perspective 

The Federated States of Micronesia (FSM) consist of four major island groups with 
over 600 islands in the northern Pacific. These vary geographically from high moun-
tainous islands to low lying coral atoll and volcanic outcroppings on Pohnpei, Kosrae, 
and Chuuk (Federated States of Micronesia National R2R Programme 2020). About 
60% of water resources in FSM exist as surface water in the form of small, inter-
mittent streams that drain catchment areas of limited aerial extent and are dry for 
about 20% of the year. The topography in the stream basins is not conducive to the 
construction of economical dams and requires extensive and costly treatment. The 
remaining 40% of the islands’ water resources exist as groundwater. Many house-
holds use roof catchments, which are particularly prevalent in the outer islands where 
there is no piped water (Federated States of Micronesia National R2R Programme 
2020). All of the four focal islands have coastal mangrove fringes and development 
is largely focused on the coast with minimal interior development. The natural vege-
tative cover is dense on all islands and has not generally been disrupted for intensive 
agriculture use (Federated States of Micronesia National R2R Programme 2020). 

The objective of the first GEF IWRM demonstration project in FSM (operational 
2009–2014) was the improvement of drinking water quality and significant reduction 
in pollutants entering fresh and marine water around Pohnpei and Chuuk States. 
Significant progress in strengthening national coordination between the water and 
sanitation sector and development of a National Water and Sanitation Policy and 
IWRM Plan was achieved through the project. This was in part enabled via the 
conduct of a FSM National Water Summit during which the FSM President, State 
Governors, and a representative of the Nation’s traditional leaders signed a joint 
resolution establishing a National Water Task Force and endorsing a Framework 
National Water and Sanitation Policy. The project further supported this effort to 
develop an FSM National Water, Sanitation, and Climate Outlook aimed at informing 
national policy development and IWRM Planning. The First National Water Task 
Force Meeting was convened from 23 to 24 May 2012, and in addition to review and 
agreement on the Task Force Terms of Reference, a program for development of the 
National Water Policy and IWRM was discussed and agreed. This has been followed 
up by several State based working group meetings to consider and develop inputs to 
the broader National process (Shed 2014). 

Under the current national GEF IWRM Micronesia project (operational 2015-
present), the focus is on supporting expansion of both marine and terrestrial 
protected areas in all four Micronesian states, complemented by support to inte-
grated ecosystem management and restoration outside protected areas to enhance 
ridge to reef connectivity. For example, Kosrae’s coastal environment provides its 
best and most effective defence against climate related hazards. The wellbeing of 
coastal environment is dependent upon the degree that anthropogenic activities affect 
the area from Ridge through to Reef. Preservation of catchments and in particular 
upland areas is vital to the maintenance of quality surface and groundwater inflows 
to the coastal areas. Likewise, the maintenance of a quality coastal environment
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offers improved sustainability for lagoonal and reef resources vital to food secu-
rity (Federated States of Micronesia National R2R Programme 2020). The need 
to preserve and protect Kosrae’s Coastal Environment has resulted in the develop-
ment of a comprehensive Shoreline Management Plan, which has been endorsed by 
the Kosrae Government (Federated States of Micronesia National R2R Programme 
2020). Some of the above issues have begun to be addressed through the cross-
sectoral planning and management initiatives of the GEF Pacific IWRM Project. 
These include improving land use practices, reducing pathogen and nutrient contam-
ination of ground and coastal waters, assessing Kosrae’s freshwater resources, estab-
lishing community-based management of waterways and enhancing community and 
national level awareness of best practice in sustainable management (Federated States 
of Micronesia National R2R Programme 2020). 

Currently the GEF STAR Ridge to Reef project (operational 2016-present) 
is supporting the implementation of the Pohnpei State Water Policy, which was 
endorsed in 2018 (Yatilman personal communication). According to the first Volun-
tary National Review (FSM Voluntary National Review 2019), the Federated States 
of Micronesia has committed to implementing Agenda 2030 at the national level and 
within the four island states of Kosrae, Pohnpei, Chuuk, and Yap. The country has 
identified 89 SDG targets, with an accompanying 90 SDG indicators, linked to the 
FSM Strategic Development Plan 2004–2023 (SDP). This national strategy seeks 
to achieve sustainable economic growth and self-reliance by prioritizing sustain-
able development through the sectors of health, education, agriculture, fisheries, 
private sector development, transportation, communication, and the cross-cutting 
sector of energy, many having their own policies that align to the SDP and SDGs 
(FSM Voluntary National Review 2019). 

Fiji: National Perspective 

Fiji’s ecosystem services are provided by the country’s diverse natural resources, 
ranging from terrestrial to coastal and marine ecosystems. Like many Pacific Island 
Countries, Fiji represents a microcosm of some of the most significant development 
and environmental challenges facing the world. It comprises more than 332 islands, 
about one-third of which are inhabited, with a total land area of 18,333 km2 in a vast  
1.6 million km2 marine Exclusive Economic Zone (EEZ). Fiji’s environment has been 
in a bad state, particularly for domestic water due to wastewater releases, poorly sited 
toilets and/or overuse of fertilizer in upstream communities and farms that pollute 
coastal waters, create outbreaks of disease, and contaminate sensitive groundwater 
supplies. The GEF has compounded its financial support to the government through 
the Ridge to Reef Programme in the GEF 5 STAR allocation to address some of these 
concerns. 

The objective of the first GEF IWRM Nadi Demonstration Project was to improve 
flood preparedness and integrate land and water management planning within the 
Nadi Basin using an integrated flood risk management approach (Kumar 2012). 
Prior to the project inception there was no existing mechanism that could embrace



16 Nexus as a Lens for SDG Implementation 375

a holistic approach to address issues within the Nadi Basin. Though the political 
climate of Fiji made some provision under its ‘People’s Charter’, there was no basis 
to bring people to one table. Hence, the GEF IWRM project initiated the process of 
getting agencies together into a formal group (Kumar 2012). A catchment Manage-
ment Committee was established and endorsed by the cabinet. Through a periodic 
participatory consultation process, the project activities were refined, and a moni-
toring and evaluation plan was endorsed. Furthermore, the process of developing 
an Integrated Flood Management Plan saw progress in capacity building, devel-
opment and strengthening of a number of institutions in itself (Kumar 2012). Key 
achievements include the establishment of the Nadi Basin Catchment Committee 
with its four subcommittees, development of Standard Operating Procedures for Nadi 
Flood Warning, the establishment of 14 Community-Based Disaster Management 
Committees, and the development of community disaster response plans (Kumar 
2012). 

Currently, the GEF Operational Focal Point Portfolio for Fiji has six National 
Projects being implemented by UNDP in close conjunction with the Ministry of 
Local Government, Housing and Environment. Fiji’s GEF R2R project (operational 
2015-present) focuses on enhancing integrated management of a series of forested 
watersheds to protect land, water, forest, and biodiversity resources, maintain carbon 
stocks, and protect coastal mangrove and coral reef Marine Protected Areas (MPAs). 

As a nation, Fiji has adopted a ‘whole-of-Government’ approach and has utilized 
national development planning as the primary instrument to drive forward imple-
mentation of the SDGs (Fiji Voluntary National Review 2019). In 2017, The 
Fijian Government launched its National Development Plan (NDP), the outcome 
of a nationwide consultation process that involved the private sector, civil society, 
community groups, government, and the general public reflecting the aspirations of 
the Fijian people and their government’s commitment for a transformed Fiji (Fiji 
Voluntary National Review 2019). At the sector level, the SDGs have already been 
integrated into sectoral strategic plans and policies in many sectors including but 
not limited to education, health, and agriculture (Fiji Voluntary National Review 
2019). Fiji also recognizes that, while government holds the important responsibility 
for achieving the SDGs, it is in everyone’s interest and everyone’s responsibility 
including private individuals, private enterprises, NGOs, and CSOs to advance the 
sustainable development agenda (Fiji Voluntary National Review 2019). 

Samoa: National Perspective 

Samoa consists of two main islands, Upolu and Savaii, and seven islets. Of the 
population of 180,000 people, approximately two thirds live on Upolu, and of them 
approximately 40,000 live in the capital Apia. Not surprisingly the land use in and 
around Apia is greatly modified from its natural state, with urban development in 
the coastal plain and low foothills, and peri-urban development and commercial 
agriculture in the watersheds.
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The objective of the GEF IWRM national project (operational 2009–2014) in 
Samoa was to rehabilitate and manage the Apia Catchment in a sustainable manner 
in order to improve the quality and quantity of the water resources for enhanced 
water supply, hydropower generation, social-economic advancement and reduced 
environmental adverse impacts. The focus of the project was on identifying and 
rehabilitating vulnerable areas upstream of rivers and it is enforced by the endorse-
ment of catchment Watershed Management Plans as directed by the Water Resources 
Act (Semisi 2014). The IWRM Stakeholders consultation process developed by 
the project brought benefits for water resource and catchment management with 
continuous attendance from many stakeholders, each contributing feedback on, and 
suggestions for the project activities (Semisi 2014). Participation of stakeholders 
in planning and monitoring has increased ownership over IWRM concepts and 
activities. An important result of this was agreement on the Watershed Safety 
plan for Fuluasou, and actions for dealing with the many issues around its intake 
and supply had been identified and prioritized for implementation (Semisi 2014). 
This is significant as Fuluasou Treatment Plan supplies 70,000 people and suffers 
from many problems such as overcapacity, shortage of chlorine, pump failure, and 
high non-revenue water (NRW) rates. Watershed Management Plans (WMPs) for 
Loimata o Apaula, Gasegase, and Fuluasou catchments (3 of the 4 catchments in the 
Apia Catchment) were also drafted for management approval (Semisi 2014). The 
WMPs give authority to the Water Resources Division to enforce specified directives 
and prosecute any illegal activities. These efforts were supported by awareness 
and education activities on World Water Day annually and have been successful 
in raising the profile and visibility of GEF Pacific IWRM Samoa (Semisi 2014). 
Led by the GEF IWRM project, the Watershed Conservation Policy (where the top 
600 m of the country land are excluded from any developments) brought positive 
feedback from some sectors especially the Water Authority who were struggling to 
accommodate for the water demands of people living on the highland (Semisi 2014). 

For the current GEF IWRM project (operational 2015-present), a consultative Hot 
Spot Analysis identified the Apia Catchment as the demonstration site because of 
the severe degradation and serious water quality issues. Water and energy demand is 
increasing with population wealth, and despite considerable effort in water demand 
management measures, including metering, leakage detection and repair, tariff incen-
tives and conservation awareness campaigns, per capita consumption of water and 
power are predicted to rise (Samoa National R2R Programme 2020). 

Samoa has undertaken their second Voluntary National Review (VNR) to assess 
the progress on implementation of the SDGs. Since the first report, Samoa has 
improved integration of the SDGs into national processes for better data collec-
tion, monitoring and evaluation, development assistance and other international obli-
gations (Samoa 2nd Voluntary National Review 2020). The second VNR reports 
near universal access of the population to safe drinking water, sanitation, and elec-
tricity services; however, the challenge is to maintain and improve the quality of 
water and sanitation and ensure more clean energy consumption. Overall, there 
is low level of extreme hunger and undernourishment, but nutrition security is a 
concern. One in five people are considered moderately food insecure with 2.4%
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of people considered severely food insecure. The challenge in Samoa is access to 
and affordability of locally produced healthy foods especially when there is ready 
access to cheaper processed food-imports often of lower nutritional value (Samoa 
2nd Voluntary National Review 2020). 

16.3 Conclusion 

With the completion of the first GEF Pacific IWRM project in 2015, a foundation was 
built which paved the way for Pacific Island Countries to address their environmental 
issues more holistically by employing the Ridge to Reef approach that facilitates a 
water, energy, and food nexus framework at a basin level. Significant emphasis is 
placed on national demonstration projects with the aim of providing an opportunity 
for participating countries to implement and experiment with management models 
and methods. When considering the inter-relationships between water, food, energy, 
and the environment, the Ridge to Reef approach starts with the water resource. 
While the nexus approach seeks to look at all the elements as an interrelated system, 
when confronted with data, modelling, governance, and capacity constraints this 
becomes a hugely challenging task for developing countries to undertake. The prac-
tical on-the-ground solutions demonstrated by the national projects have galvanized 
support at both the community and national government levels for policy reform and 
mainstreaming the Ridge to Reef approach as part of national development planning. 
This has created valuable entry points for strengthening cross-cutting, cross-sectoral, 
integrated approaches to resource management across the Pacific SIDS which are 
aligned to the SDG outcomes. 
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Chapter 17 
UNESCO-Designated Sites in the Pacific 

Hans Dencker Thulstrup 

UNESCO-designated sites serve as models for sustainable 
human living and nature conservation. 

Abstract UNESCO-designated sites—Biosphere Reserves, World Heritage sites, 
and UNESCO Global Geoparks—represent a multi-tier commitment by UNESCO, 
national governments, local authorities, and communities towards the protection of 
natural and cultural heritage as well as to the development and sharing of inno-
vative approaches to sustainable development. In the Pacific, the establishment of 
UNESCO-designated sites over the past two decades has intersected in multiple 
ways with the vast array of local and indigenous knowledge systems and practices 
governing and guiding the relationship between people and their environment. With 
specific reference to water, energy, and food, this chapter examines the role and 
functions of UNESCO-designated sites in Pacific Island Countries and Territories 
(PICTs), their engagement with local and indigenous knowledge and practices, as 
well as with existing protected area initiatives. 

Keywords Biosphere Reserves ·World Heritage sites · UNESCO Global 
Geoparks · UNESCO · Pacific Island · UNESCO-designated sites · Local and 
indigenous knowledge 

17.1 Introduction 

Along with other small island regions, the Pacific contributes only very modestly 
to global greenhouse gas emissions yet faces the prospect of severe climate change 
impacts. However, while low-lying atoll countries and islands are particularly at risk 
from factors such as sea level rise, the vulnerability of Pacific Island societies is 
diverse and complex.
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Having settled and subsequently inhabited marginal locations subject to signifi-
cant and drastic environmental variation and change for generations, Pacific societies 
have over time developed a highly diverse range of local and indigenous knowledge 
systems and associated practices that serve to mitigate risk and support sustain-
ability and livelihoods across a wide range of often small, isolated, and natural 
disaster-prone localities. This has resulted in the emergence of a robust tradition of 
site governance and sustainable management practices, including sacred natural sites 
and tabu systems. 

While it has been widely acknowledged that these sets of knowledge and practice 
at present make a notable contribution to the sustainability of Pacific societies (IPCC 
2014), local and indigenous knowledge and practice has not translated easily into 
conventional site designations such as protected areas. There are a number of reasons 
for this. Traditional and indigenous knowledge and practice is frequently locally 
rather than nationally governed, relies on oral rather than written transmission, and 
is often not immediately compatible with the conventional scientific analyses applied 
in ecosystem assessments. 

While historically and to some degree conceptually associated with conventional 
protected area categories, UNESCO-designated sites as presently applied have the 
potential to accord visibility, recognition, and support to local and indigenous knowl-
edge and practice relating to the management of natural resources in the Pacific. These 
sites thereby have the potential to make a significant contribution to the 2030 Agenda 
and the long-term sustainability of the region. 

UNESCO designations in the Pacific remain limited both in terms of number and 
in the degree to which this potential has been realized. However, the experiences 
made to date offer both lessons learned and hint at further potential made possible 
by gradual changes within the UNESCO site-based programmes themselves. They 
demonstrate how stronger recognition of local and indigenous management knowl-
edge and practice has the potential to enhance the resilience of Pacific Island societies, 
while at the same time making clear some of the key challenges in this regard. In turn, 
the potential contribution of local and indigenous knowledge and practice towards 
ensuring greater resilience in the Pacific is a significant consideration in the treatment 
of the water-energy-food nexus in the subregion and its long-term sustainability. 

17.2 A Brief Overview of UNESCO-Designated Sites 

UNESCO-designated sites are areas recognized by UNESCO and its member states 
as belonging to one or several of three distinct categories: (1) Biosphere Reserves, (2) 
World Heritage sites, and (3) Global Geoparks. All UNESCO-designated sites are 
nominated by the member state (or states in the case of transboundary sites) to which 
the nominated territories belong and remain under the sovereign jurisdiction of the 
nominating member state after recognition. The decision to accept a given site as a 
UNESCO designation is made by elected bodies composed of UNESCO member 
state representatives, in accordance with the distinct rules and procedures of each of
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the three programmes. World Heritage sites are recognized under the World Heritage 
Convention of 1972 and are subject to related governance and legal arrangements. 

While each addresses a distinct set of issues and conforming to a distinct set of 
criteria, the three designations are today all explicitly associated with the contribution 
of each designated site towards sustainable development in and around the site itself, 
and through the commitment made to the programme by the nominating member 
state, in society at large. In spite of the currently explicit association with sustainable 
development, each programme was established with a distinct purpose. The first 
UNESCO-designated sites—Biosphere Reserves and World Heritage sites—were 
established in the mid-1970s with specific reference to their role in global environ-
mental monitoring and assessment (for Biosphere Reserves) and the conservation 
and protection of cultural and natural heritage of “outstanding universal value” (for 
World Heritage sites). The most recent addition, UNESCO Global Geoparks, evolved 
from a non-governmental network attaining UNESCO designation in 2015. 

17.2.1 Biosphere Reserves 

While their name may invoke the term “nature reserve”, implying an area that is 
reserved or set aside for conservation purposes, the impact of human activity on the 
environment has been at the core of the Biosphere Reserve since the UNESCO’s Man 
and the Biosphere (MAB) programme was first conceived in the late 1960s. Biosphere 
Reserves are today defined as “‘learning places for sustainable development’. They 
are sites for testing interdisciplinary approaches to understanding and managing 
changes and interactions between social and ecological systems, including conflict 
prevention and management of biodiversity. They are places that provide local solu-
tions to global challenges.”1 Today, there are 738 biosphere reserves in 134 countries, 
including 22 transboundary sites jointly nominated by two or more countries. 

The first Biosphere Reserves, established in 1975 as an offshoot of the intergov-
ernmental scientific programme Man and the Biosphere (itself created in 1971), were 
envisioned as representative samples of the world’s biomes. The primary objective 
of the establishment of a World Network of Biosphere Reserves was to ensure that 
adequate examples of all important and representative biomes and ecosystems were 
protected (UNESCO 1973). It was envisioned that countries would nominate “repre-
sentative biome subdivisions” not yet under protection under conventional protected 
area criteria. The resulting Biosphere Reserves would in turn serve as “a standard 
against which to judge the result of human use of modification elsewhere in that 
biome”. To complement this type of Biosphere Reserve, it was envisioned that envi-
ronments that had undergone substantial modification by human activity would also 
be included among areas identified for Biosphere Reserve status (Thulstrup 2016). 
It was hoped that this approach—by which the areas under protection would be 
identified on the basis of their representativeness of a given biome rather than by

1 https://en.unesco.org/biosphere/about, Accessed on 27 September 2020. 
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other criteria, such particularly outstanding biodiversity or the presence of flagship 
species, would yield protection for plants and animals about which knowledge was 
still considered limited. 

In this way, Biosphere Reserves would secure in-situ conservation of genetic 
resources; known and unknown, as well as a baseline against which to assess human 
impact on the global environment (UNESCO 1973). While a tracing of the extensive 
trajectory of the MAB programme’s history is beyond the scope of this paper, it should 
be noted that the programme has contributed significantly to the global discourse on 
issues such as sacred natural sites, detailed in the joint IUCN-UNESCO publication 
“Sacred Natural Sites: Guidelines for Protected Area Managers” (Wild and McLeod 
2008). 

17.2.2 World Heritage Sites 

The predominantly scientific purpose underlying the establishment of the early 
Biosphere Reserves is distinct from the early drivers for the World Heritage Conven-
tion of 1972, which was established with a highly tangible purpose in mind; to protect 
the world’s cultural and natural places of outstanding universal value, and with an 
initial close association with cultural heritage rather than nature conservation. 

Significantly, early mobilization of support for the convention in the late 1950s 
and 1960s occurred in response to a direct, specific, and clearly identifiable threat to 
the Abu Simbel temple complex in Egypt and the threat it faced from the construction 
of the Aswan High Dam. This early focus on tangible, iconic properties, eventually 
also including sites of natural heritage significance, allowed the World Heritage 
Convention to convey a clear and simple message to its constituency as well as 
to the general public: global support is needed to protect places that are of such 
extraordinary value that their preservation concerns all of humanity (Thulstrup 2016). 

Recognition of interactions between people and nature within the World Heritage 
Convention has received increasing attention as the World Heritage List has grown, 
and the Convention today recognizes not only cultural, natural, and mixed World 
Heritage properties, but also cultural landscapes: sites that explicitly recognize the 
interaction between people and nature. In the Pacific, Papua New Guinea’s Kuk Early 
Agricultural site2 is an example of a World Heritage listed cultural landscape. 

Today, the notion of sustainable development is firmly integrated into the prin-
cipal guiding document for implementation of World Heritage at all levels, the 
World Heritage Convention’s Operational Guidelines. The 2019 edition of the Guide-
lines (which are continuously updated to ensure guidance for implementation of the 
Convention that takes into account current international commitments, priorities, and 
complementary programmes) encourage States Parties: 

to mainstream into their programmes and activities related to the World Heritage Convention 
the principles of the relevant policies adopted by the World Heritage Committee, the General

2 https://whc.unesco.org/en/list/887. 
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Assembly of States Parties to the Convention and the UNESCO Governing Bodies, such as 
the Policy Document for the Integration of a Sustainable Development Perspective into the 
Processes of the World Heritage Convention and the UNESCO policy on engaging with 
indigenous peoples, as well as other related policies and documents, including the 2030 
Agenda. (UNESCO 2019) 

There are today 1,174 World Heritage sites, including 43 transboundary sites. Of the 
total number of World Heritage sites, 900 recognize cultural heritage, 218 natural 
heritage, while 39 are mixed properties featuring both cultural and natural properties. 

17.2.3 UNESCO Global Geoparks 

UNESCO’s work with the concept of geoparks began in 2001. In 2004, representa-
tives of seventeen European and eight Chinese sites identifying as geoparks came 
together at UNESCO Headquarters in Paris to form the Global Geoparks Network 
(GGN) where national geological heritage initiatives contribute to and benefit from 
their membership of a global network of exchange and cooperation. During the 
Organization’s 38th General Conference in 2015, UNESCO’s 195 member states 
ratified the creation of a new UNESCO site designation, UNESCO Global Geop-
arks. Four decades after the establishment of the first Biosphere Reserves and World 
Heritage sites, the adoption of the concept as a UNESCO designation accorded 
governmental recognition to the importance of managing outstanding geological 
sites and landscapes in a holistic manner. 

UNESCO Global Geoparks are defined as single, unified geographical areas 
where sites and landscapes of international geological significance are managed 
with a holistic concept of protection, education, and sustainable development. 
The programme advocates a bottom-up approach that combines conservation with 
sustainable development, while involving local communities and is becoming 
increasingly popular. At present, there are 177 UNESCO Global Geoparks in 46 
countries.3 

17.3 Vulnerability, Resilience, Local and Indigenous 
Knowledge and UNESCO-Designated Sites 
in the Pacific Context 

As outlined in the above, guiding documents for UNESCO site designations (notably 
the World Heritage Convention’s Operational Guidelines) have over time made more

3 A webpage of each UNESCO Global Geopark is available, with detailed information on 
each site (http://www.unesco.org/new/en/natural-sciences/environment/earth-sciences/unesco-glo 
bal-geoparks/, Accessed 10 February 2022). 

http://www.unesco.org/new/en/natural-sciences/environment/earth-sciences/unesco-global-geoparks/
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explicit reference to the validity and significance of local and indigenous manage-
ment arrangements at the site level, as well as advocated for management authorities 
to respect, and where appropriate, build upon local and indigenous knowledge and 
management principles. However, there is little doubt that considerable variation 
exists in the degree to which existing UNESCO-designated sites live up to the stan-
dards advocated by the programmes. UNESCO programmes are intergovernmental 
in nature and as such are not always ideally suited to ensure the full reflection of local 
and indigenous systems that are local in nature and may not be aligned with, or even 
recognized by the national authorities responsible for their submission to UNESCO. 

The conferral of a UNESCO designation that builds upon local and indigenous 
Pacific management principles does, however, bring with it the potential to raise 
the visibility and international profile of viability, value, and relevance of local and 
indigenous management systems in reducing vulnerability and enhancing resilience 
of small islands to climate change. This visibility has the potential to leverage a posi-
tive impact at the local, national, and international level, even though this potential 
may yet to be fully realized in the existing Pacific designations. 

In the global climate change discourse, small islands have conventionally been 
considered as particularly vulnerable to the impacts of climate change (Chaps. 2, 
3 and 10) due to their limited landmass, low elevation and exposure to sea level 
rise, relative isolation, and susceptibility to natural disasters such as tropical storms, 
flood, and drought, as well as—in the Pacific case—earthquakes, tsunamis, and 
volcanic hazards. While treatment of small island vulnerability in research literature 
has grown more nuanced in recent years with increasing recognition that considerable 
heterogeneity exists among and within different small island nations and regions, the 
overall assessment of small islands as vulnerable has been continuously reaffirmed. 

In an example here of, the IPCC’s 5th assessment report published in 2014 
confirms with “high confidence; robust evidence, and high agreement” the […] 
high level of vulnerability of small islands to multiple stressors, both climate and 
non-climate given the inherent physical characteristics of small islands” (IPCC 2014). 

The report, however, also notes with high confidence that “small islands do not 
have uniform climate change risk profiles […] Rather, their high diversity in both 
physical and human attributes and their response to climate-related drivers means 
that climate change impacts, vulnerability, and adaptation will be variable from one 
island region to another and between countries in the same region.” (IPCC 2014). The 
report further identifies the “need to acknowledge the heterogeneity and complexity 
of small island states and territories” as a data and research gap. 

The IPCC takes note of an increasing appreciation that not all small islands even 
within the same country share the same vulnerability profile. Related hereto, the 
IPCC notes that the research base for assessing the degree to which local and indige-
nous knowledge and management systems (Chap. 11) play a significant role in the 
generation and maintenance of this heterogeneity has yet to be extensively populated. 

In this regard, the IPCC recognizes the importance of local and indigenous 
knowledge systems and their potential in strengthening resilience to climate change: 
“…there is continuing strong support for the incorporation of indigenous knowl-
edge into adaptation planning. However, this is moderated by the recognition that
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current practices alone may not be adequate to cope with future climate extremes or 
trend changes. The ability of a small island population to deal with current climate 
risks may be positively correlated with the ability to adapt to future climate change, 
but evidence confirming this remains limited” (IPCC  2014), thus indirectly identi-
fying the relationship between present-day resilience climate risk among small island 
societies and their ability to address future climate change as yet another research 
gap. 

While further research to build the evidence base through which to better assess 
this potential correlation is required, examinations of the ability of Pacific societies 
to manage environmental change has been examined in the recent past. In 2012, 
UNESCO and the United Nations University published “Weathering Uncertainty”, 
a comprehensive overview of the scientific literature, primarily peer-reviewed, but 
also grey, relating to the contribution of local and indigenous knowledge to our 
understanding of global climate change. A special report on small islands contained 
in the review and drawing extensively on Pacific sources concluded that: 

Small island societies have lived for generations with considerable and often sudden envi-
ronmental change. The traditional knowledge and related practice with which small island 
societies have adapted to such change are of global relevance. Areas in which small island 
societies have developed adaptation-relevant traditional knowledge include natural disaster 
preparedness, risk reduction, food production systems and weather forecasting. In many 
small island contexts, the transmission and application of traditional knowledge is under 
threat from changes in consumption and migration patterns, as well as from the lack of 
recognition of traditional knowledge in the formal educational system. (Nakashima et al. 
2012) 

Significantly, the review found local and indigenous knowledge and practice to be a 
significant factor in reducing vulnerability and adapting to often drastic environ-
mental change, while at the same time acknowledging the erosion of the asso-
ciated knowledge transmission caused by its gradual replacement as Pacific soci-
eties become more integrated into globally determined consumption, migration, and 
knowledge production patterns. This erosion in turn is considered a detrimental factor 
in maintaining resilience in the face of climate change. 

The review notes a number of examples of sophisticated small island local and 
indigenous resource management regimes from the Pacific that have provided (and 
continue to provide) for the social and ecological regulation of resource production, 
access, harvesting, storage, and distribution. Several examples are provided of how 
Pacific local and indigenous knowledge and practice relating to the water-food-
energy nexus have served to maintain resilience. A striking example of this is provided 
from the Vanuatu northern outlier of the Torres Islands: 

The Torres Islands are situated in a very highly active seismic region that provokes constant, 
violent shifts in shoreline ecologies and hydrodynamics. Distributing environmental risk 
is a central element in traditional small island vulnerability mitigation strategies, such as 
the scattering of food production sites. The authors argue that overall changes to the local 
shoreline, especially in relation to soil quality, vegetation growth and hydrodynamics, as 
provoked by extreme seismic uplift and downlift, offer a unique and informative example 
of the longterm adaptability that is present in both the human population and the observed 
coastal milieu of these islands, and is applicable to climate change adaptation. Adapted
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from the paper ‘Seasonal environmental practices and climate fluctuations in Melanesia. 
An assessment of small island societies in Papua New Guinea and Vanuatu.’ (Damon and 
Mondragon 2011) 

The example highlights how local and indigenous food production in the Torres 
Islands has mitigated the threat posed by constant and often violent shifts in local 
ecological conditions caused by frequent extreme seismic shifts. This constant threat 
of drastic change helped shape a complex system of kinship relations and associated 
food production strategies that ensure the distribution and buffering of risk among 
members of the community to ensure an overall enhancement of the community’s 
resilience when drastic change occurs. 

The Torres Islands case is significant in that it provides a tangible demonstration 
of the ability of Pacific local and indigenous knowledge and practice to mitigate 
even drastic environmental change. At the same time, it provides a good example of 
an approach that seeks to understand and manage changes and interactions between 
social and ecological systems, including conflict prevention and management of 
biodiversity, as well as provide local solutions to global challenges. This role dovetails 
entirely with the contemporary definition of a UNESCO Biosphere Reserve given in 
Sect. 17.2.1. Two additional examples are worthy of mention here, providing a further 
illustration of the contributions towards resilience made by local and indigenous 
knowledge and management systems, and the principles advocated by UNESCO’s 
site-based programmes. 

17.4 Local And Indigenous Management 
And UNESCO-Designated Sites in the Pacific 

17.4.1 Ngaremeduu Biosphere Reserve, Palau 

Pacific customary marine tenure, comprising a range of local and indigenous fisheries 
management practices, is based on control mechanisms that may be temporal or 
spatial in nature or a combination of the two. These include limited access, closed 
seasons, no-catch zones, and species-specific prohibitions and are exemplified by 
no-fishing or tabu areas of Fiji, Vanuatu, and Kiribati; the ra’ui in the Cook Islands; 
the masalai in Papua New Guinea; and bul in Palau. In Palau, the bul can be put in 
place to close an area of reef to harvesting on a short-term basis, for example, during 
periods of fish spawning (Vierros et al. 2010). 

In the nomination of the Ngaremeduu Biosphere Reserve in Palau, which was 
approved in 2005 as one of the first two Biosphere Reserves in the independent Pacific 
Island countries, the bul was referred as a guiding principle in development of the 
site’s zonation scheme. In this sense, temporal as well as spatial local and indigenous 
fisheries management elements were directly incorporated into the justification for 
the creation of a UNESCO-designated site in the Pacific. The Biosphere Reserve’s
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acceptance by UNESCO member states served to highlight the visibility and drew 
global attention to the use of bul in the management of protected areas in Palau. 

However, the case of Ngaremeduu also serves to highlight the difficulty in main-
taining and advancing implementation of a UNESCO-designation over the long term. 
Thulstrup (2016) notes that the limited presence in Palau and other small island states 
of well-established national scientific institutions and scientific research traditions 
and capacities to some degree plays a role in undermining their ability to engage 
actively with the Man and the Biosphere (MAB) programme, a programme anchored 
in international science networks, and to derive the full potential benefits from it. 

In small developing countries, the established scientific institutions that in larger 
countries traditionally play a key role in shaping the national infrastructure of the 
MAB programme are often not present. This leaves the designated government 
department or individual alone with a facilitation and management task normally 
shared between several larger institutions, and without the networks and resources to 
draw upon for representation in and engagement with MAB’s governing and advisory 
bodies, joint MAB-affiliated research projects, and other international cooperation. 

In the years following the approval of the site in Palau as a Biosphere Reserve, 
this led to the a relative decline in terms of active implementation, caused both by the 
challenges in maintaining a viable focal point and by the complexities of managing 
a Biosphere Reserve straddling three traditional communities and states. Efforts are 
currently under way to reassess and reinvigorate the management of the site in line 
with the interests and priorities of the communities it encompasses. 

These challenges are directly related to one of the key principles of UNESCO’s 
site-based programmes: the nomination of terrestrial and marine areas for conser-
vation through a government-led process. This does not immediately integrate well 
into the Pacific traditions of a high degree of local-level autonomy and local and 
indigenous management of natural resources (Chap. 11). Even where national desig-
nations are based upon and closely associated with local and indigenous management 
systems, the conferral of an international designation through an intergovernmental 
process carries with it an implicit validation of these systems inherent in the process 
of nomination and assessment of any property. Local and indigenous norms, values, 
and knowledges may be referenced in the submission dossier, however the very 
process of committing these norms to paper in accordance with an internationally 
sanctioned standard in itself may compromise the principles of local and indigenous 
management, which tends to be locally grounded, oral, and non-static in nature. 

While such compromises in the recognition of Pacific UNESCO-designated sites 
most certainly fail to capture essential elements of how water and biodiversity is 
managed and sustains life in the Pacific, they have served to shift the global percep-
tions of how sites are selected, assessed, and documented. Several examples from 
the Pacific help illustrate this.
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17.4.2 East Rennell, Solomon Islands 

The nomination of East Rennell by the Solomon Islands for consideration as a natural 
World Heritage site in 1998 helped cause a shift in the understanding of local and 
indigenous management of natural heritage recognized under the Convention. The 
report of the 22nd meeting of the World Heritage Committee notes that: 

The Committee had a considerable debate on customary protection and agreed that 
customary management should be supported […] A number of delegates welcomed the 
nomination and noted that a site protected by customary law is breaking new ground, and 
that the inclusion of this type of property is in line with the Global Strategy. Sites from other 
States Parties, which are under traditional management and customary law, may provide 
examples for general principles. The Delegate of Thailand stated that although he had no 
doubt about the World Heritage values of the site, he could not support the nomination at this 
stage, as it did not comply with the requirements of the Operational Guidelines. He noted 
that customary land tenure does not automatically guarantee effective customary manage-
ment and that there are no legislative provisions to protect the site from rapid changes 
such as tourism, which may affect it. He therefore dissociated himself from the Committee’s 
decision.4 

As the quote highlights, the recognition of local and indigenous management prin-
ciples as reflective of the established standards to ensure long-term protection of 
Outstanding Universal Value was not uniformly accepted at the time. 

As discussed above, subsequent iterations of the Operational Guidelines of the 
World Heritage Convention have reflected the validity of local and indigenous 
management authorities, approaches, and governance systems. While the nomina-
tion of East Rennell as a natural World Heritage site may have served as a water-
shed in the recognition of Pacific local and indigenous management, the subsequent 
performance of the site in the eyes of the Committee demonstrates, as with the 
Ngaremeduu Biosphere Reserve, the complexities inherent in aligning local and 
indigenous management with World Heritage expectations for the management of 
and conservation of Outstanding Universal Value. 

After years of concern over threats to the integrity of the site, by 2013 East 
Rennell was placed on the “World Heritage in Danger” list due to persistent threats 
to the integrity of the site stemming from a range of factors, including among 
others, commercial hunting, fishing/collecting aquatic resources, forestry and wood 
production, invasive and alien terrestrial species, as well as the state of the legal and 
management framework. 

The discussion by the World Heritage Committee of a reactive monitoring report 
prepared and submitted to the Committee by the IUCN in 2019 shows the persistence 
and considerable complexity of the challenges facing the site today: 

Continued efforts by customary landowners and local communities of East Rennell and by 
the State Party to keep the Outstanding Universal Value (OUV) of the property intact by 
banning commercial logging and mining within the property are welcomed. However, it is 
regrettable that a new logging concession was recently granted by the State Party, which

4 United Nations Educational Scientific and Cultural Organization, Convention Concerning the 
Protection of the World Cultural and Natural Heritage WHC-98/CONF.203/18, p. 26. 
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allows commercial logging up to 200 meters from the boundary of the property, while no 
information is made available regarding its potential impact on the property’s OUV. […] 

The clarification that the letter allegedly sent on behalf of the Tuhunui tribe, requesting to 
withdraw its customary land from the property, was made without mandatory consultation 
with tribal chiefs and subsequently revoked, is welcomed. The 2019 Reactive Monitoring 
mission also verified this particular issue with the Paramount Chief, Council of Chiefs and 
LTWHSA, and it is clear that competing and contested claims of customary rights among 
tribes and individual households remain a challenge for the customary management. […] 

The on-going dialogue between the State Party and local communities to consider application 
of the Protected Area status to the property and to finalize the Management Plan is welcomed 
but needs to be concluded. Defining and adopting an adequate legal mechanism to continue 
protecting the property from commercial logging and mining while safeguarding customary 
rights to land and natural resources for sustainable use, in line with Paragraph 119 of 
the Operational Guidelines, is critical to ensure long-term mutual benefits to the property 
and the local communities, who are custodians of the property. The mission notes that the 
establishment of an IUCN category VI protected area could be a good tool to achieve this.5 

As the text above shows, East Rennell is beset by a set of complex and interacting 
challenges relating to the balancing of the integrity of the site and its ability to 
protect the outstanding universal value for which it was recognized, the interests of 
communities and individuals in pursuing livelihoods and representation in decision-
making and governance, and the legal status of the site and its recognition at the local 
versus the national level. 

The East Rennell case provides a demonstration of the impact that local and indige-
nous Pacific management of terrestrial and marine natural resources has had on the 
perception of local and indigenous management in the global World Heritage context, 
while also making visible the significant challenges in merging such management 
systems with global recognition according to conventional conservation standards. 

17.4.3 Utwe Biosphere Reserve, Federated States 
of Micronesia 

Along with Ngaremeduu in Palau (discussed above) and And Atoll in the neighboring 
state of Pohnpei, the recognition of Utwe as a Biosphere Reserve in 2005 broke 
new ground in terms of its small size (1,773 hectares) and associated concentric 
spatial organization within a very limited geographical area. The nomination of 
Utwe as a Biosphere Reserve was also notable in that the process was driven almost 
entirely on the basis of a local community initiative. The Utwe community, supported 
by the Utwe-based non-government organization Kosrae Conservation and Safety 
Organization (KCSO), initiated, organized consultations for, drafted and worked 
with the federal government to ensure the submission of the nomination dossier to 
UNESCO.

5 Accessed from http://whc.unesco.org/en/soc/3838. 

http://whc.unesco.org/en/soc/3838
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Utwe is located on the island of Kosrae in the central Pacific Ocean, one of the 
four states of the Federated States of Micronesia. The site comprises marine areas, 
mangroves, upland tropical forest, as well as the Utwe community itself. As was the 
case with the nomination dossier, the reserve’s management arrangements and spatial 
organization were devised, implemented, and monitored by community authorities 
supported by KSCO. 

While Utwe ranks among the world’s smaller Biosphere Reserves, its size and 
close association with the local community has allowed for the integration of 
Biosphere Reserve planning and development with that of the community as a whole. 
While Utwe’s zonation follows a conventional concentric pattern with the core area 
at the center of the Biosphere Reserve, it is set apart by its small size and by the 
close proximity of the population center of Utwe to its core area, which was defined 
with the specific objective of establishing and maintaining a locally protected area 
that in turn would help minimize and eventually completely halt illegal fishing and 
associated practices in Utwe’s marine areas in accordance with local and indigenous 
management practices. 

The successful recognition of Ngaremeduu, Utwe, and Atoll helped influence 
conventional norms applied to Biosphere Reserves in terms of size (being smaller 
than conventionally recommended), spatial organization (core areas were clearly 
defined, but on the understanding that local communities would be able to access 
and manage them in accordance with established local/community practice), as well 
as in terms of the driving forces behind the nominations (Thulstrup 2016). 

The impact of the first Pacific Biosphere Reserve nominations by Palau and the 
Federated States of Micronesia’s were highlighted through the participation by a 
delegate from Palau in the 2008 Madrid World Congress of Biosphere Reserves. 
Discussions at this global forum of Biosphere Reserves served as confirmation that 
the new approaches taken to Biosphere Reserve nomination and development by 
Pacific Island countries were not only being tolerated, as evidenced by the approval of 
their nomination dossiers, but were listened to and recognized by the global biosphere 
reserve community (Thulstrup 2016). 

17.5 Conclusion 

This chapter has outlined some of the challenges inherent in seeking, obtaining, 
and maintaining the recognition of local and indigenous Pacific natural resource 
management governance in the context of UNESCO site designations, and has argued 
that such designations have the potential to enhance sustainability and resilience to 
climate change in the subregion. 

While there is little doubt that considerable work remains to be done towards 
improving the articulation between Pacific local and indigenous knowledge and prac-
tice and UNESCO’s site-based programmes, the experiences made in the Pacific to 
date, of which this chapter has addressed only very limited subset, have demonstrated
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that such articulation is possible, with potential benefits to both the Pacific peoples 
impacted by their designation and to the programmes themselves. 

The concepts of World Heritage sites and Biosphere Reserves were not initially 
established with the recognition or integration of local and indigenous knowledge 
systems in mind. However, aided and informed by the engagement of Pacific commu-
nities and governments, these concepts have increasingly found their way into the 
documents guiding the programmes. In the case of UNESCO Global Geoparks, their 
incorporation as a UNESCO designation in 2015 allowed for a stronger reflection of 
traditional, local, and indigenous knowledge, to the extent that “local and indigenous 
knowledge” is recognized as one of ten focus areas for UNESCO Global Geoparks. 
In helping bring about the conditions for this recognition, Pacific engagement with 
the programmes have made a lasting impact with potential benefits beyond the Pacific 
itself. 

Beyond the scope UNESCO-designated sites, recent years have seen further atten-
tion to, and recognition of conservation measures beyond the conventional definition 
of the term. An example hereof is the formal definition of other effective area-based 
conservation measures (OECMs), applied as a designation for areas that are achieving 
the effective biodiversity conservation outside conventional protected areas. Refer-
enced in the Convention of Biological Diversity’s (CBD) Aichi Target 11, OECMs 
were defined at CBD’s 14th Conference of Parties as “a geographically defined 
area other than a Protected Area, which is governed and managed in ways that 
achieve positive and sustained long-term outcomes for the in situ conservation of 
biodiversity, with associated ecosystem functions and services and where applicable, 
cultural, spiritual, socio–economic, and other locally relevant values” (Conference 
to the Parties to the Convention on Biological Diversity 2018). 

With reinforced focus on long-term sustainability, better integration of relevant 
management and planning concepts, and the recognition local autonomy, future 
UNESCO-designated sites in the Pacific have the potential as demonstrated by the 
efforts outlined in this chapter and in so doing, deliver a tangible contribution to the 
long-term sustainability of natural resource management grounded in the knowledge 
and practice that made the successful settlement of the region possible. 
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Decentralized renewable Power-to-X technologies have the 
potential to facilitate the energy transition in Pacific Island 
Countries and Territories. 

Abstract While the transition to a cleaner energy sector is underway in Pacific 
Island Countries and Territories (PICTs), there are still many challenges that need 
to be overcome from demand, energy, chemical, and technological perspectives. 
The composition of the Pacific region makes it highly compatible with the move-
ment towards small-scale, decentralized, and on-demand production of chemicals 
(for direct use as well as acting as an energy storage vector). Power-to-X, being the 
conversion of electricity into a range of different chemicals and fuels, has immense 
potential to offset reliance on imports, fossil fuels, as well as decrease transporta-
tion requirements. The emerging Power-to-X technologies have potential to address 
many of the struggles in transforming to a renewable sector. This chapter examines 
the transition to clean energy generation technologies, focusing on those emerging 
technologies which are close-to-market level implementation and have the potential 
to transform the Pacific region. The prospects and limitations, including the diversity 
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18.1 Introduction 

The energy transition within the Pacific is well underway. Many Pacific Island Coun-
tries and Territories (PICTs) have plans and roadmaps to increase access to electricity, 
as well as transition towards renewable energy-based systems. These roadmaps are 
framed toward the transition to (1) increasing electrification, (2) decreased reliance 
on fossil fuels, thus reducing greenhouse gas emissions, and (3) a more autonomous, 
lower-cost and more resilient energy sector. The framework as PICTs transition to 
a more sustainable and equitable society has been discussed extensively in Chaps. 3 
and 12. However, as aptly posed by the International Energy Agency (IEA), “more 
than just renewables and efficiency will be required to put the world on track to meet 
climate goals and other sustainability objectives” (IEA 2020a). 

Across PICTs there remain significant barriers to achieving energy sustainability 
and autonomy. These were outlined in detail by the UN Economic and Social 
Commission for Asia and the Pacific and include (Johnston 2013):

• The lack of energy resources in PICTs, as well as the limited range of resources.
• The population distribution, with many in remote areas, and the high cost of 

developing new energy resources.
• The lack of energy data, including the trends associated with end-use.
• The lack of local knowledge and skills.
• The weak bargaining positions with petroleum suppliers.
• The historical dependence on international agencies for infrastructure.
• The low electricity cost and subsidies which have been below cost price meaning 

there are limited funds for maintenance and upgrading. 

While there is a significant push by governments and development partners and 
agencies to increase electrification, this increased electrification requires ongoing 
consideration such as grid connectivity, environmental footprint, capital investment, 
and specific energy and feedstock requirements. Particularly in the rural regions of the 
Pacific, connection to the grid is not the most economically viable option. The estab-
lishment of a more diverse range of off-grid solutions, tailored to the environment 
and needs of specific areas is essential. 

Globally, new technology developments, increased consideration on environ-
mental impacts and sustainability, as well as increasingly empowered consumers 
and communities are all spurring a shift toward distributed, decentralized energy 
production. This means a greater number of energy generation centres, more compe-
tition and a more diverse range of generation and storage approaches. The advantages 
of this shift are significant. The increased competition, reduced infrastructure and 
transportation costs, the lower barriers to entry and the more tailored approach, means 
more efficient usage of resources. 

This global shift has potential to be hugely beneficial in the Pacific region. In 
step with global shifts, the decentralized, off-grid production of energy, in particular 
for the Least Developed Countries and Small Island Developing States (LDCs and 
SIDS), has significant potential to transform the region.
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The LDCs and SIDS face unique barriers toward the successful implementa-
tion of renewable energy projects. These include the isolated market with small 
sizes and small population base resulting in low economies of scale, the narrow 
range of resources, remote locations, and economical and ecological vulnerability 
(Lomaloma, n.d.). 

For the transformation of the Pacific region, as outlined in this volume (Chaps. 3 
and 12), the shift toward renewable energy (such as wind, solar, and geothermal), 
as well as enhancements in energy efficiency are a great starting point. The employ-
ment opportunities, low environmental footprint, and increased energy autonomy 
and security are particularly advantageous. 

This chapter focuses on emerging technologies which are not quite at deploy-
ment stage yet, however if implemented, hold the potential to transform the PICTs 
transition to a clean energy future. Power-to-X is an increasingly common term in 
the emerging research technologies space. Power-to-X is the conversion of elec-
tricity, particularly renewably produced electricity such as through photovoltaics 
(PV), hydro, and geothermal energy, to a range of different chemicals and fuels. 

While the inherent nature of PICTs provide barriers to a transition to a more 
sustainable, reliable and accessible energy future, the region is uniquely situated to 
transition to the small scale, decentralized production of electricity and chemicals 
in an on-demand manner. The emerging technology in this space has potential to 
transform the region. 

18.2 Energy Generation Technologies 

The Pacific region is diverse. PICTs exist along a large spectrum of development 
levels, from the most developed, Australia and New Zealand, to the LDCs. Further, 
the natural resources, in particular with respect to fossil fuels and land mass, 
geothermal/wind power suitability, vary drastically across the region. Australia, 
Timor Leste, and Papua New Guinea all have fossil fuel reserves whereas many 
of the other nations do not. 

The Melanesian countries can be characterized by large, mountainous islands with 
considerable natural resources in the form of fertile soils, mineral deposits, and large 
forests. In the Polynesian and Micronesian countries, the mid-sized island states have 
limited land resources and low amounts of tradable natural resources. The small and 
low island states of Micronesia have very limited land and oil with their resources 
mostly limited to the ocean. Given this vast variability across the region, an in-depth 
review of the scope of energy generation throughout the region is difficult. However, 
the focus of this chapter is on near-to-market technologies which can be exploited 
across the region, in particular those that are capable of transforming energy into 
applications which are suited to diverse applications throughout the Pacific.



398 E. Lovell et al.

The transformation to renewable electricity generation is well underway 
throughout the Pacific region (Chap. 12). There has been a significant increase in 
solar and wind power plants over the 2000 to 2018 timeframe (UNESCAP 2019). 

Renewable energy generation throughout PICTs is on an upward trajectory (Noro-
jono et al. 2018) with some nations having a 100% renewable penetration target by 
2030. As outlined in Chaps. 3 and 12, solar, wind, geothermal, bioenergy and hydro 
are all playing significant roles in the generation of energy throughout the Pacific. 
While this generation of electricity through variable renewable energy has many 
advantages, including energy autonomy, reduced emissions, reduced reliance on 
imports, and increased compatibility with off-grid energy solutions, it come with its 
limitations. These limitations include intermittency of renewables (specifically for 
solar PV) and typically higher capital investment requirements that may make the 
adoption of renewable electricity unfeasible. 

Section 18.3 will address the near-to-market technologies that have the ability of 
overcome the variable renewable energy generation. 

18.3 Emerging Technologies for Transformation 
and Storage 

This volume has aptly demonstrated that energy poverty throughout PICTs, in partic-
ular within the LDCs and SIDS, is widespread. It has been estimated that approx-
imately 70% of households throughout the Pacific region do not have access to 
electricity. Further, 85% of households are also estimated to have limited access to 
clean cooking technologies. 

Both the population distribution and the geography of the Pacific region, in partic-
ular SIDS, make the transition towards decentralized solutions a potential driver for 
economic development. For example, in areas throughout PICTs of low population 
density, the cost of establishing off-grid systems is lower than extending the grid to 
households. In Fiji, it was determined that the cost of grid extension was close to 
four times higher than installing an off-grid diesel generator (Matakiviti and Pham 
2003). Thus, for SIDS, the cost of installing off-grid systems is likely to be lower 
than if grids were extended. 

Variable renewable energy refers to renewable energy that is inherently fluctuating 
in nature, such as wind and solar as opposed to dispatchable power such as hydro-
electricity. While electricity generation through variable renewable energy sources 
may be increasingly feasible, the direct use of this electricity presents unique issues 
due to its intermittency. Further, the storage of this energy can be difficult and costly, 
particularly over timescales longer than the minute to hour. The storage of electricity, 
particularly variable renewable energy to load balance for production and demand, 
requires significant planning and investment (European Commission 2017). Power-
to-X, being the conversion of electricity (and in this case power trapped within
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resources such as plastics and biodegradable waste) has potential to overcome the 
intermittency, load balance, and produce valuable chemicals and fuels. 

This section will focus on new close-to-market technologies for the transforma-
tion, storage, and usage of variable renewable energy, which are well-suited for the 
Pacific region. This suitability includes being relatively low cost, or with low capital 
requirements, compatible with small scale, off-grid, decentralized production, as 
well as exploiting key waste products for the region. 

18.3.1 Batteries 

While the generation of electricity through variable renewable energy is established 
and the transition to a variable renewable energy system is well underway throughout 
PICTs, there remains significant issues in terms of energy storage and balancing 
supply and demand. Energy storage is often needed to manage short-term peaks as 
well as load balancing. 

Many islands and off-grid regions in PICTs are powered by diesel generation, and 
thus the integration of variable renewable energy/battery storage presents a unique 
opportunity. These diesel generators are often oversized, operate below 30% capacity, 
and are emission intensive. However, diesel generators have the benefit of flexibility 
and rapid responses to variable energy demand that can fluctuate dramatically on 
an hour-to-day time scale as well as seasonally. Battery storage systems have been 
shown to be capable of delivering reliable power at approximately 30% of the cost 
of diesel generators (Stock et al. 2015). Additional, battery power is not hindered 
by oil price supply chain issues like diesel supply is (Puliti and Bazilian 2019). 
Beyond this, the use of variable renewable energy/battery systems overcomes the 
inherent pollution and health impacts associated with diesel combustion. If capital 
expenditure is included, it is estimated that diesel generators cost approximately 
0.352 USD/kWh. In contrast, renewable power generation has been estimated at a 
levelized cost of 0.15 + / 0.10 USD/kWh. 

Consequently, PICTS present a unique and promising opportunity for battery 
storage. The technology can help to integrate renewable energy (Balza et al. 2014), 
reduce reliance on fossil fuels generation, and has been postulated to be capable of 
lowering costs in some cases. Given their technological maturity, and the limited 
requirement for infrastructure, safety issues, and upskilling, batteries are likely to 
dominate as the key energy storage approach in the Pacific region. This transition 
is expected to begin as separate stand-alone storage in small scale decentralized 
systems, then to minigrid systems, and finally in grid connection. 

To date, the high costs associated with battery energy storage has been the key 
deterrent to the implementation of variable renewable energy sources. However, costs 
of storage systems are rapidly declining thanks to both technological advancements 
and scaling benefits. 

The progress of battery technology, in particular with respect to costing, is more 
advanced than that of electrolysers (see Sect. 18.3.2). The cost of lithium-ion batteries
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in particular has decreased (from USD1000/kWh from 2009 to USD200/kWh in 
2019) as a consequence of increased production rather than major technological 
advancements (IRENA 2017). This is expected to decrease to USD90/kWh by 2030 
due to technology improvements and fierce competition among major manufacturers. 
The Cook Islands have approximately half of their islands under the process of being 
converted from mostly diesel power to solar and battery storage only. For example, 
Rarotonga, the Cook Islands largest island, has a 1 MW Te Mana Ra solar farm 
installed by NSW-based MPower and is in the process of incorporating a 5.6 MWh 
battery system (Vorrath 2018). This example illustrates the increasing deployment 
of renewable coupled battery microgrids in PICTs. 

18.3.2 Hydrogen 

Hydrogen is widely considered as “the fuel of the future”. As shown in Fig. 18.1, 
hydrogen is increasingly being utilized as a clean energy carrier as well as feed-
stock for various chemical manufacturing. Hydrogen has vast benefits over carbon-
based fossil fuels, including its ease in production and its zero-emission nature when 
utilized. Hydrogen can be produced through a number of pathways, such as by 
reacting fossil fuels with steam or oxygen using Steam Methane Reforming (SMR) 
or coal gasification (CG) to generate grey hydrogen or through renewable energy 
driven water electrolysis to generate green hydrogen. 

The global hydrogen demand is growing (Fig. 18.1). As of 2018, demand was 
around 73 million tonnes and is projected to increase to 300 million tonnes by 
2050 (Deloitte 2019). Much of this demand is currently met via SMR. At present, 
industrial hydrogen production accounts for approximately 6% of global natural 
gas consumption and 2% of coal consumption, and thereby is a major contributor 
of global carbon emissions, emitting over 830 million tonnes in 2018 (IEA 2019a, 
b). As a result, there is a concerted effort to produce renewable hydrogen, which 
can facilitate decarbonization and sustainable economic development (Saeedmanesh 
et al. 2018). It is expected that with future declining cost of generating renewable 
hydrogen, the alternate clean fuel will see more adoption as an energy vector in 
sectors such as transportation, heat and electricity generation, and in steel manufac-
turing (Staffell et al. 2019). This viewpoint is echoed by the Australian government 
and the country’s National Hydrogen Roadmap has proposed that “clean hydrogen 
is a versatile energy carrier and feedstock that can enable deep decarbonization 
across the energy and industrial sectors.” One of the key benefits of green hydrogen 
production and storage is its ability to overcome the intermittency in energy from 
the renewable sector, providing a longer term storage solution compared to battery 
storage systems.
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Fig. 18.1 Global demand for pure hydrogen as a function of end usage across time (IEA 2019a, b) 

18.3.2.1 Production 

The production of grey hydrogen generates significant carbon emissions, and both 
blue and grey hydrogen require typically large infrastructure and upkeep. Aside from 
the conventional, thermochemical route to hydrogen production, electrochemical 
hydrogen production through water splitting is being increasingly considered a viable 
route. Currently, a much smaller proportion of hydrogen is produced via electrolysis 
of water owing to higher production costs. Nevertheless, this approach has various 
benefits as it is both sustainable and highly compatible with small scale delocalized 
production of hydrogen. Electrocatalytic hydrogen production provides a flexible 
storage solution which can be built for purpose, and that can be scaled according to 
demand (IEA 2020a). Hydrogen production through electrolysis offers opportunities 
to load balance renewable energy technologies such as solar and wind, and offset the 
intermittency challenge. 

Electrochemical hydrogen production uses an electrical current to split water 
to produce hydrogen and oxygen. For the pathway to be viable from a low 
carbon perspective, it requires low/zero emission electricity. It is inevitable that the 
ramping of hydrogen electrolyser value chain is leading to a reduction in their costs 
and allowing greater application of delocalized hydrogen production in emerging 
markets. 

Of the electrolyser technologies, both alkaline electrolysers (AE) and polymer 
electrolyte membranes (PEM) are commercially available while the solid oxide elec-
trolyser (SOE) is still under lab-scale development. AE is reported to be economically



402 E. Lovell et al.

more viable (due to its low capital costs), although recent developments in PEM tech-
nology illustrate its potential to compete with AE within a few years. Ultimately, the 
cost of hydrogen production from both AEs and PEMs is predicted to be signifi-
cantly reduced as the technology develops, plants scale-up from 1 to 100 MW and 
with declining electricity pricing. Thus, with the greater uptake of these technologies 
and with any sort of incentive for reduced emission electricity, renewable hydrogen 
is anticipated to become increasingly competitive with production costs predicted to 
reach $2.29–2.79/kg by 2025 (CSIRO 2019). 

PEM and AE require a catalyst, electrolyser and, importantly, a pure (fresh) water 
feed (with pH adjustment) to produce hydrogen. Producing hydrogen from neutral 
electrolytes, in particular seawater, without the need to add strong acids or bases, 
provides a promising route from an implementation perspective. Further, the require-
ment and use of fresh water poses problems. Fresh water is a scarce and precious 
commodity throughout the Pacific (see Chap. 2), with complimentary and inter-
linked priorities between water, energy, and food needed. Exploiting this necessary 
commodity for energy therefore poses a difficult ethical and resource allocation 
dilemma. The ability to exploit seawater to produce hydrogen, however, will have 
direct benefits to PICTs given their proximity to the ocean (Fig. 18.2) and with the 
majority of households located in close coastal proximity.

There are significant challenges associated with utilizing seawater to directly 
produce hydrogen. Material development for direct seawater use has been diffi-
cult, leading to low hydrogen production. In addition, seawater contains numerous 
impurities that will hinder stability. While this technology is not yet at a commer-
cial deployment stage, it is clear the potential benefits, specifically for PICTs, are 
promising. Further, by recombining the hydrogen and oxygen to produce electricity, 
purified water can also be produced, offering additional benefits. 

18.3.2.2 Storage 

One of the key benefits of exploiting hydrogen is its ability for long-term storage of 
renewable power. This storage lifetime has the potential to be longer than batteries, 
albeit there are safety and engineering challenges. The highly explosive and low-
density nature of hydrogen storage presents significant technical barriers which needs 
to be overcome before renewable hydrogen can penetrate the market as an alternative 
to battery storage. At present, hydrogen can be stored through four approaches: (1) 
compression, (2) liquefaction, (3) transformation, and (4) solid-state storage. While 
experiencing ongoing research, the ideal approach to large-scale hydrogen storage 
is yet to be determined. 

Of the different storage routes, the most common storage approach for hydrogen 
is compression via pressurization and storage within carbon/steel composites. 
Compression storage can also include underground storage and line-packing. Despite 
its popularity, hydrogen compression is restricted by low volumetric density. Line 
packing has potential in regions with already established natural gas infrastructure, 
which is promising in New Zealand and Australia, but is inherently limited throughout
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Fig. 18.2 Pacific regional map, adapted from UN Geospatial (2023)

the rest of the Pacific region. Papua New Guinea may also present a unique case as 
pipeline supply of natural gas to major centres might be feasible if natural gas infras-
tructure is established from the well-head or via a branch line from the existing 
pipeline to Port Moresby. 

Liquefaction can be done through both cryogenic and cryo-compressed tanks, in 
both these cases hydrogen is cooled to −253 °C, resulting in low evaporative losses 
with a high volumetric storage capacity. While both these technologies are promising, 
they are costly and require expensive storage materials and infrastructure. 

Transformation covers the conversion and storage of hydrogen as other carriers 
such as ammonia and methane. The difficulty associated with these transformations 
mostly arises from the back conversion to hydrogen and the need for considerable 
infrastructure. However, if they can be utilized directly (such as through methane for 
cooking or ammonia for fertilizer), there is potential for significant economic benefit. 
It should be noted that the conversion to methane will result in carbon emissions 
when utilized. There is also potential to blend hydrogen into existing natural gas 
infrastructure to lower the overall carbon output.
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Solid-state storage involves the use of metal composites such as metal hydrides to 
store hydrogen and is gaining increasing research interest. While they are yet to be 
proven for large-scale commercial applications, recent results and costing reveal that 
metal hydrides can cost below 0.02 AUD per kW. This amounts to one-tenth the cost 
of lithium storage competitors and buying power from the grid, making solid-state 
storage highly competitive (Hannam 2020). 

18.3.2.3 Transport and Utilization 

Hydrogen can be utilized in a range of ways, some which require extensive infrastruc-
ture, others that need no/little adjustments to current infrastructure. In its simplest 
form, hydrogen can be recombined with oxygen to release energy (and produce 
water as the only by product). This stationary use of hydrogen, through fuel cells 
and gas turbine supplementation, can be used to produce electricity, thus balancing 
the production/demand curves for intermittent renewables. Hydrogen can also be 
used in portable applications, such as in transportation through fuel cell vehicles for 
material transport, as well as for passenger cars. Figure 18.3 displays the IEA’s data 
surrounding policy support and incentives for hydrogen deployment as a function of 
use type around the world. It is clear that most countries are focusing on hydrogen 
deployment to decarbonize the transportation sector. With the exception of Australia, 
land masses and the need for extensive land-based transport of energy in PICTs are 
limited, with delocalized hydrogen generation more suited in this instance. 
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Fig. 18.3 Current policy support for hydrogen deployment. It is seen that a number of countries 
have developed favourable policies to encourage hydrogen fuel cell driven transportation (IEA 
2018)
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18.3.2.4 Summary and Applicability 

Exploiting clean hydrogen can assist in decarbonizing a range of sectors and aid 
PICTs in improving their energy security. Hydrogen holds the ability to support the 
integration of renewables into the sector, allowing the storage of energy in week 
to month timeframes. Ultimately, continued research efforts and scaling-up systems 
will see the costs of technologies for producing, storing, and utilizing clean hydrogen 
drastically reduced. 

The world is increasingly looking toward hydrogen as a potential fuel for the 
future. Global North nations, such as Japan and Germany, are playing instrumental 
roles in driving this transition. For example, as part of the 3E+S (energy security, 
economic efficiency, and environmental protection, plus safety) strategy, Japan plans 
to establish a “hydrogen economy” by 2050. While Global North countries are driving 
the change, countries in the Global South (such as the LDC and SIDS) have potential 
to “be the big winners” in the shift toward the hydrogen economy (Zhai 2019). On 
both the supply side as well as export potential, Global South countries have the 
ability to exploit renewable energy resources to produce hydrogen. 

Island nations have been proposed as ideal demonstration sites for the realiza-
tion of the hydrogen economy, including emerging hydrogen technologies. This is 
because hydrogen has the potential to promote energy autonomy, be used at scales 
ideal for island nations, and its low emission nature means it can aid in preserving 
the pristine environments across PICTs (Barbir 2010). In 2011, a demonstration 
unit of renewable power-driven hydrogen generation, storage and utilization system 
was established in the remote Aegean Island of Bozcaada, Turkey by a consortium 
of United Nations Industrial Development Organization (UNIDO), and the Inter-
national Centre for Hydrogen Energy Technologies (ICHET) (Hydrogenics 2011). 
The system comprised a 20 kW solar photovoltaic array, a 30 kW array of wind 
turbines and a 50 kW electrolyser with a hydrogen storage system. The system is 
capable of subsequently converting hydrogen back to electricity using a 20 kW fuel 
cell and a genset engine (3 kW). The system was designed to supply 20 households 
(or equivalent) with uninterrupted electricity for up to 24 h (Barbir 2010). 

Currently the uptake of hydrogen as an energy vector within PICTs is low. With the 
exception of both Australia and New Zealand, who have comprehensive and ambi-
tious hydrogen plans, the smaller PICTs as well as the LDCs and SIDS have no estab-
lished plans. In fact, many of the “Energy Roadmaps” for the LDCs and SIDS do not 
even mention hydrogen (Government of the Republic of the Marshall Islands 2018). 
In 2010, a joint venture between the Cook Islands and UNIDO-ICHET proposed a 
$3.38 million hydrogen plant on Aitutaki in the Cook Islands. The proposed project 
was planned to account for less than 10% of the island’s energy demand. However, 
the proposed project was postponed on grounds of excess capital expenditure which 
outweighed the benefits to the island (Cook Island News 2011). 

On continuing to advance the knowledge, capability, reduce the cost, and increase 
the safety of renewable/hydrogen systems, their ability to make real impact within 
PICTs exists. Ultimately, reducing the capital costs of electrolyser systems, as well 
as increasing the infrastructure surrounding hydrogen use, can advance the use of
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hydrogen as an energy vector in the Pacific. One particular technological advance-
ment, the use of direct seawater electrolysis, has potential to transform the energy 
makeup on PICTs. 

18.3.3 Hydrocarbons as a Vector 

Methane (CH4) is the primary component of natural gas and arguably is the cleanest 
combusting fossil fuel. Natural gas is often liquified for transportation and storage, 
as liquid natural gas (LNG). Liquid petroleum gas (LPG) consists mostly of propane 
and butane. All PICTs already use LPG, mainly for household cooking (Oil and Gas 
Today 2019). 

The combustion of fossil fuels for cooking and heating produces CO2 emissions, 
however in comparison to alternative approaches (burning biomass or kerosene), 
using LPG and LNG is a cleaner alternative offering significantly lower environ-
mental and health impacts. Honourable David Day Pacha (the Minister of Energy, 
Mines and Rural Electrification) in the Solomon Islands, addressed a conference in 
2016 stating that the transition to LPG would have “benefits to communities [that] 
are significant as it enables activities to be performed at night including education, 
avoiding time spent collecting traditional fuels and removing the risks associated 
with open fires such as respiratory diseases” (Posts 2020). 

For over 50 years, LPG has been supplied to the Pacific, through Origin Energy, 
for use in domestic, commercial, and industrial applications. Fiji is currently the 
largest LPG market in the Pacific, consuming around 13,000 tonnes of LPG per 
annum. There are two LPG carriers operated by Origin Energy, which are capable 
of supplying 28,000 tonnes per annum to 19 ports within the Pacific region (16 of 
which are serviced by Origin) (Oil and Gas Today 2019). 

The use of LNG and LPG within PICTs sees the region rely on their import 
and is impacted by fluctuating prices associated with fossil fuels. As a result, local 
decentralized production of hydrocarbons may improve the security and stability of 
energy production in the region. As discussed in Chap. 12, biofuels and waste-to-
energy approaches are currently being utilized in the PICT. Section 18.3.4.1 will 
focus on near-to-market technologies for these approaches which have the potential 
to hold significant benefit, particularly in the Pacific. 

18.3.3.1 Onsite Hydrocarbon Production 

The production of methane as a fuel (biogas) from waste is becoming increasingly 
popular, particularly in Global South countries. Biogas consists mostly of biomethane 
(50–70%), along with carbon dioxide (25–45%) and traces of other gases including 
hydrogen sulphide, water vapor, and ammonia. From biogas, purification can be used 
to produce biomethane by removing the other components.
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Globally in 2018, 35 million tonnes of oil equivalent (Mtoe) of biogas and 
biomethane was produced where their assistance in transforming the energy sector 
worldwide is a strong prospect. In PICTs the use of biodigesters has been mostly 
restricted to small demonstration sites, majorly focused on piggeries. Thus, current 
utilization rates in PICTs represent only a small fraction of their potential. 

Biogas is typically produced by anaerobic digestion (microorganisms breakdown 
biodegradable feedstocks in the absence of oxygen). The digestion produces biogas 
and digestate. The digestate is a solid, sludge like material rich in nutrients that 
can be used as a fertilizer, as an alternative to chemical fertilizers—helping to secure 
agricultural food sources and reduce commercial fertiliser purchase and import costs. 

A wide range of feedstocks can be exploited for biogas production (IEA 2020b). 
This allows significant versatility, as site-dependent feedstocks can be exploited in 
PICTs. The most common feedstocks are animal waste and crop residue. However, 
municipal solid waste and industrial waste can also be utilized. Smaller, decentralized 
facilities can be utilized for individual homes while larger facilities can be used 
across multiple homes as a cooperative project. Another significant benefit is, once 
established, digesters have minimal cost and upkeep requirements. 

If properly established, digesters can aid in reducing environmental footprints 
through the prevention of greenhouse gas emissions. It has been estimated that 
biomethane can suppress the emission of ~ 1,000 million tonnes of greenhouse gases 
by 2040 (IEA 2020b). 

To maximize biogas production, research has examined pre-treating the feed-
stock. Pre-treatments include physical milling, extrusion, heat treatments, microwave 
treatment, and acid/base treatments. (Achinas et al. 2017) The treatments have been 
shown to significantly (5–20%) increase methane yield by increasing the biomass 
surface area and breaking down ligands, aiding in digestion. The pre-treatment 
technologies can enhance yield; however, they add cost and complexity to the 
process. There remains a current gap between the research and how it translates 
into commercialization. 

18.3.3.2 Onsite Hydrocarbon Utilization as an Emerging Fuel Source 

The biogas can be stored and used directly, this being a particularly feasible route 
in the LDCs. It is becoming increasingly common to upgrade the produced biogas. 
The direct utilization of biogas is typically accompanied with a simple pre-treatment 
to remove hydrogen sulphide by passing the gas through water. The gas can then be 
combusted directly. The biogas can used for power, heating, or as a clean alternative 
to the solid biomass used in cooking in LDCs. Depending on the feedstock and 
digestion conditions, this can result in significant carbon dioxide emissions.
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18.3.3.3 Barriers to Entry for Hydrocarbons as a Vector 

According to the IEA (2020b), the Asia/Pacific region holds the greatest opportunities 
for utilizing biogas. This can be attributed to the decentralized nature of the PICTs, 
as well as rising natural gas/LPG import and consumption. 

One of the biggest inhibitors to the implementation of this technology is the lack 
of knowledge and knowhow. In particular, the lack of knowledge on the attainable 
biogas levels and optimum digestor conditions for a given feedstock is a significant 
deterrent (Ward 2013). It has been estimated that the quantity of biogas that can be 
attained from taro crop residues throughout Samoa is approximately18 million cubic 
meters per annum. 

18.3.4 Ammonia 

Globally, approximately $60 billion worth of ammonia is produced every year for 
utilization, mostly in the form of fertilizers. Recently, ammonia has been gaining 
attention as a hydrogen carrier for the hydrogen economy. Ammonia stores close to 
double the energy of liquid hydrogen (on a volume basis) and is simpler to transport 
and distribute compared to hydrogen. 

The commercial Haber–Bosch process for producing ammonia was developed 
in the early Twentieth Century. The process necessitates high pressures (150–250 
atmospheres) and temperatures (400–500 ºC). Additionally, relatively high purity 
hydrogen and nitrogen feeds are required. Consequently, the process consumes a 
significant amount of energy and is fundamentally incompatible with small scale, 
decentralized ammonia production and accommodating renewable energy is unfea-
sible. PICTs have limited ammonia production capacity via this route and thus 
limited potential. However, as technology develops and ammonia production moves 
away from large scale, high capital requirements, LDCs within PICTs will have an 
increasing role to play. The potential options for ammonia use as an energy vector 
include in transport (particularly for heavy vehicles), directly in power generation, 
and as distributed energy storage. Within PICTs, beyond a potential energy vector, 
ammonia has the ability to enhance food security. Sweet potato is an important 
crop for the food security, particularly in the island countries in the South Pacific 
(Hartemink et al. 2000). In Papua New Guinea approximately 60% of the total dietary 
energy requirements is met by the consumption of sweet potato tubers. Further, 
cocoa is a significant export vector in Papua New Guinea as well as many countries 
throughout PICTs (Fidelis and Rajashekhar Rao 2017). These demonstrate that much 
of the food, and export within the LDCs in the PICTs rely heavily on agriculture, 
where the ready availability of fertilizer can play a significant role.
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18.3.4.1 Ammonia Generation and Utilization 

In recent years, technology development towards renewably powered small-scale 
delocalized production of ammonia rapidly evolved. While the direct synthesis 
of ammonia electrocatalytically is far from at a stage of commercialization, there 
remains promise in the emerging technologies, such as the Li-intermediary approach. 

As previously discussed, throughout PICTs, diesel generators are key energy 
sources, supplemented by variable renewable energy (solar and wind). It has been 
proposed that small to medium scale generators can run effectively on ammonia that 
is produced and stored locally, in a decentralized on-site and on-demand manner. The 
direct use of ammonia, as a fuel to substitute diesel can already be seen in small-scale 
engine demonstrations. For example, a 3.5 kW power generator has been adapted 
to run in a dual-fuel mode coupled with (and substituting ammonia) for diesel with 
an ammonia content of up to 80% (Macfarlane et al. 2020). While this has not been 
directly employed in PICTs to date, the potential to substitute diesel with green 
ammonia remains an emerging opportunity. 

Alternately, ammonia can be produced as a feedstock for hydrogen storage. New 
technology, developed by CSIRO, can extract hydrogen from ammonia, allowing the 
ammonia, which is simpler and cheaper to store and transport, to be used as an energy 
vector (Dolan 2017). The CSIRO technology has the potential to produce hydrogen 
from ammonia at 5 kg/day (Dolan 2017). 

18.4 Energy Production from Waste Plastic 

PICTs have a significant issue in dealing with plastic waste. While plastic waste 
is recycled in many developing countries, landfill and open disposal is common 
practice in PICTs (Mamad et al. 2018). Over 300,000 tonnes of waste plastic is 
generated by PICTs per annum, with much of it ending up in coastal water (Australian 
Government 2020). Plastic is essentially unavoidable in today’s society, however the 
impact the waste has on PICTs is amplified by the regions reliance on fishing and 
tourism (Lebreton et al. 2018). Thus, there exists an avenue to exploit this waste as 
a resource. 

Plastics are comprised of petrochemical-based hydrocarbons with stabilizing 
additives, thus making them difficult to degrade. The plastics can be utilized as 
raw materials, where the pyrolysis of waste plastics into fuels has potential use as 
a resource for the decentralized electricity production throughout the region while 
simultaneously reducing plastic waste. 

The pyrolysis of plastic waste involves its thermal degradation into fuels (solid, 
gas and liquid) where it is heated at high temperatures (300–900 °C) in the absence 
of oxygen (Miandad et al. 2019). The plastic breaks down and produces a range of 
gases (hydrogen, methane, carbon dioxide, carbon monoxide, etc.), as well as liquid 
oil products with different chain lengths (Dayana et al. 2016).
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Fig. 18.4 Nufuels Ltd demonstration plant for plastic pyrolysis to produce energy in the Solomon 
Islands (©Nufuels 2020) 

Demonstration plants for waste plastic pyrolysis are beginning to be built 
throughout PICTs, including the Solomon Islands. The technology reduces both 
plastic waste and emissions associated with direct combustion of plastic waste while 
producing fuels for direct use in cooking and electricity generation. 

Nufuels have built an integrated system which uses pyrolytic conversion to 
produce energy for cooking, as well as electricity from waste plastic bags and bottles. 
The system has potential to be extended to biomass conversion in a similar manner 
discussed above (in Sect. 18.3.3). The Nufuels integrated system, shown in Fig. 18.4, 
is simple to use and can be operated and maintained by locals. 

New technology developed by the University of Sydney, Cat-HTR, has potential 
to improve yields for plastic pyrolysis. Cat-HTR uses water, high pressure, and high 
temperature to convert plastic into gases for cooking, as well as liquid fuels. In 2019, 
the Government of Timor-Leste began preparing a memorandum of understanding 
with Mura Technology to begin developing the use of Cat-HTR technology in the 
region (Government of Timor-Leste 2019). The proposed plant will be capable of 
processing 20,000 tonnes of plastic waste annually, while producing 17,000 tonnes of 
synthetic fuels. The process will include a pay-for-plastic system where the people 
of Timor-Leste will contribute to “safe and clean drinking water in schools and 
improve sanitation, provide essential resources for education, and provide low-cost 
energy from renewable energy sources in rural areas” (Government of Timor-Lest 
2019).



18 Clean Energy Options for the Future 411

18.5 Conclusions and Outlook 

This chapter has outlined emerging technologies that have potential to aid in the 
transition to a clean energy future in the Pacific region. The current global trend 
driving movement away from centralized, fossil fuel-driven electricity production is 
being driven by increased environmental awareness, desire for national independence 
from fluctuating fossil fuel supplies and prices, as well as a decreasing supplies of 
finite fossil fuels. This has led to a substantial increase in research toward (1) renew-
able electricity generation and (2) conversion of energy (both renewable electricity, 
known as Power-to-X, as well as energy held within plastics and biodegradable waste, 
Waste-to-X) into a range of energy carriers for use and storage. 

While the growth of research toward these decentralized energy generation, distri-
bution, and utilization approaches is being driven from a global approach, the poten-
tial implications for the Pacific region are vast. As identified in Chap. 12, a transi-
tion to renewable energy in the Pacific region is evident, although there remains a 
continued reliance on fossil fuels to satisfy growing energy demand. Significant scope 
exists for newly developed, near-to-market technologies to expedite the transition in 
this region. The nature of PICTs is characterized by a large degree of variability 
in terms of development; energy, food, and water security; and resources. The low 
energy security, and lack of access to electricity and clean cooking technologies, 
which defines the SIDS and LDCs throughout the region also indicates that rapid 
change is needed. The nature of the region presents barriers to the transformation of 
the sector as well as a range of advantages, such that the sector is uniquely positioned 
to drive the transformation. 

Battery technology is arguably the closest to market technology for load balancing 
in the use of variable renewable energy in PICTs. The increase in battery research, 
novel material engineering approaches, as well as the impact of scaling from 
increased production means prices are becoming more competitive. Unfortunately, 
the limitation in terms of short storage timescales, high capital costs, and required 
“knowhow” hampers direct implementation. The development of hydrogen tech-
nologies, in particular, the further-from-market hydrogen production directly from 
seawater has a unique opportunity in the Pacific region. While there are limitations 
from a technological development perspective, as well as barriers to entry from a 
capital expenditure perspective, there remains promise for implementation. 

The conversion of waste (biodegradable and plastic) into solid, liquid, and gaseous 
fuels, has significant potential within the Pacific region as well. This technology is 
rapidly developing and cheap to install with low maintenance costs. New devel-
opments in catalyst incorporation to tune the ratio of the products, post-treatment 
technologies (to upgrade the gases produced), and the incorporation of water in high 
pressure pyrolytic upgrading has been shown to increase yields significantly. 

Ultimately, the Pacific region is uniquely positioned to aid in the transformation 
to delocalized, sustainable, tailored energy generation, storage, and utilization. As 
the technologies continue to develop, the suitability for their implementation in the
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region follows. With the appropriate policy and incentive frameworks there is much 
optimism for energy security in the Pacific. 
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Abstract The following chapter explores the utilization of geothermal resources 
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and explored in further detail via a brief pre-feasibility case study for a geothermal 
village development on Tanna Island, Vanuatu. Finally, the opportunities of direct 
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reduce investment risks associated with deeper geothermal well drills, and recycle 
waste heat to provide a wide range of services. 

Keywords Geothermal · Heat · Refrigeration · Renewable · Energy ·
Sustainable · Development · Cascade · Nature · Vanuatu

E. Santagata (B) · R. Corkish 
School of Photovoltaic and Renewable Energy Engineering, University of New South Wales, 
Sydney, Australia 
e-mail: edoardo.santagata@unsw.edu.au 

E. Santagata 
Collaboration On Energy and Environmental Markets, University of New South Wales, Sydney, 
Australia 

K. Regenauer-Lieb 
Energy Transition Institute, WA School of Mines: Minerals, Energy and Chemical Engineering, 
Perth, Australia 

Minerals and Energy Resources Engineering, UNSW, Sydney, Australia 

© UNESCO 2024 
A. Dansie et al. (eds.), The Water, Energy, and Food Security Nexus in Asia 
and the Pacific, Water Security in a New World, 
https://doi.org/10.1007/978-3-031-25463-5_19 

415

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-25463-5_19&domain=pdf
mailto:edoardo.santagata@unsw.edu.au
https://doi.org/10.1007/978-3-031-25463-5_19


416 E. Santagata et al.

19.1 Introduction 

Electricity requirements in rural Pacific communities are usually low, attributable to 
low levels of lighting, cooling loads, and phone charging (Sen and Ganguly 2017). 
Such requirements may be met with relatively small-scale systems. Photovoltaic 
installations have been extensively explored but have historically experienced vast 
challenges in terms of environmental durability (especially in the case of high levels 
of cyclone incidence), implementation programs, technical training, operation and 
maintenance, and replacement costs (Lefale and Lloyd 1993; Urmee and Harries 
2009). 

In terms of renewable sources at large, hydropower is a reliable and mature tech-
nology and constitutes a significant portion of total energy production in countries 
like Fiji, where it displays roughly 134 MW of capacity (or ~52% of total capacity) 
(IRENA 2015; Weir  2018). It is also an excellent option in its micro-hydro form 
to meet rural energy requirements (Kuang et al. 2016). However, it requires high 
rainfall, favourable land conformations, and a large initial investment (Weir 2018). 
Wind is an excellent solution given its maturity and resource abundance but is still 
in its early stages of monitoring and assessment in the Pacific (Mofor et al. 2013). 
Biomass is also traditionally used to meet cooking needs (Connell 2006) and can 
act as a diesel substitute or additive (Cloin 2007), but presents challenges associated 
with purpose-grown fuel (timber) displacing agriculture on limited cultivable land. 
More details on the challenges in the electrification of the Pacific may be found in 
Chap. 12 of this work and its references. 

The Pacific rim is richly endowed in geothermal energy (Oppenheimer 2011). 
Most prominently, Papua New Guinea, Solomon Islands, Vanuatu, Fiji, Samoa, and 
Tonga could benefit from this natural underground power (Tawake, 2017). Utilization 
of this renewable resource can address many of the challenges related to energy 
access, renewable energy intermittency, rural poverty, fresh food, and clean water 
sources, thus addressing several of the Sustainable Development Goals (SDGs) set 
forth by the United Nations (SDGs 17 and 13 especially, but also supporting many 
others, including SDG 1, 2, 3, 6, and 11). 

Geothermal energy, as a baseload power source where large energy storage 
capacity does not exist, is an ideal complement to other renewable energies such as 
solar, wind, tidal, and concentrated solar in particular. The longevity of geothermal 
power installations is also unparalleled in the energy landscape, allowing much of 
the early technology from the 1960s to still be used today (Fig. 19.1), while the 
reliable continuous heat supply pays off the initial high upfront investments many 
times over. Although geothermal energy is a highly competitive and important energy 
source in volcanic regions, raising enough capital is a major problem. Deep pockets 
are needed for upfront investment into exploration and drilling to ascertain viability. 
Consequently, there is an underappreciation of the vast geothermal resources present 
in several PICTs, with very few projects having been implemented (Lucas et al. 
2017).
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Fig. 19.1 The Black Current Generator currently in the Ohaaki Geothermal Power Station, New 
Zealand showcases the robustness of the technology where many early generators from the 1960s 
are still operable today (©Klaus Regenauer-Lieb) 

At the appropriate scale, locally generated geothermal energy may be particularly 
attractive for small island communities in the Pacific due to their high dependency 
on imported diesel (which incurs high ongoing fuel costs) and the fixed costs of 
extending energy access to disperse and isolated settlements. The average cost of 
electricity paid by small domestic consumers across the Pacific varies dramatically 
depending on international diesel prices, electricity tariff subsidies, utility regulatory 
fees, and government taxes (Utilities Regulatory Authority of Vanuatu 2019). In 
general, the average electricity price in the Pacific is roughly 0.21 USD/kWh—or 
roughly on the same level as France, but with the Pacific having only 11% of its 
GDP per capita (Utilities Regulatory Authority of Vanuatu 2019; Statista 2021). 
This has placed a burden on island communities and is an immense barrier to rural 
electrification, as income in these areas is insufficient to bear energy costs (Dornan 
2014). 

Most geothermal power stations are large, costly, and can sometimes function as 
a nucleus for large subsidiary industries based around waste heat from the power 
plant. Pioneering installations in Iceland and New Zealand provide testimony of the 
economic and environmental success of subsidiary industries, displaying a plethora 
of waste heat uses including timber drying, food drying, aquaculture, greenhouses, 
and thermal spas (Dell et al. 2013; Kelly 2011).
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However, there also exist plentiful small-scale geothermal solutions (Lund et al. 
2005, 2011) which may be more aligned with the technological and financial capacity, 
and traditional modalities of living, of rural communities across the Pacific (Dornan 
2014, Rousseau and Taylor 2012). Until large development banks provide investment 
capital and local land disputes are resolved, these small-scale systems provide a low 
capital entry into geothermal energy, mostly involving direct heat use rather than 
electricity generation. This greatly reduces the upfront capital needed and the risks 
associated with failed exploration drilling, environmental damages, and community 
project failures. 

This chapter looks at alternative energy pathways to enable a transition from either 
a substantial diesel dependency or complete absence of modern energy services to 
geothermal developments. An extensive array of small-scale geothermal technologies 
are explored as meaningful solutions to secure water, energy, and food security in 
PICTs. Discussion of some larger scale systems is also included, although these are 
dependent on greater financial resources. A set of design principles centred around 
a bottom-up community approach and efficiency maximization is presented. A pre-
feasibility case study for a remote community on Tanna Island in Vanuatu, conducted 
in partnership with University of New South Wales (UNSW), is also presented in 
support of the geothermal technologies and design principles hereby explored. 

19.2 Geothermal Resource Assessment 

South-western PICTs are located in an area with prominent seismic and volcanic 
activity. This activity is mainly driven by subduction zones formed between various 
oceanic plates (Fig. 19.2), or by deep mantle plumes interacting with surface plates 
(Petterson 2016). As a result, vast geothermal resources are present. Table 19.1 
summarizes these as per McCoy-West et al. (2011). The countries with the highest 
number of thermal areas are Fiji, Papua New Guinea, and Vanuatu, with hot springs 
temperatures ranging from 30 °C to 200 °C. Other countries listed in Table 19.1 are 
either yet to be assessed in terms of geothermal potential or do not present any viable 
heat sources.

19.2.1 Geothermal Energy in Fiji 

The Fijian Department of Energy, in collaboration with the International Renew-
able Energy Agency (IRENA), commissioned a Renewables Readiness Assessment 
(IRENA 2015). The report, which identifies a wide variety of opportunities for renew-
able developments in the country, features an overview of the geothermal potential in 
Fiji (Fig. 19.3). The currently known total geothermal capacity is reported as 42 MW 
for Vanua Levu (twice the island’s current needs) and 28 MW for Viti Levu. Although 
hot spring activity is widespread and several development proposals have been put
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Fig. 19.2 Ocean bathymetry 
of South-West Pacific. The 
Solomon Island Arc (SIA) is 
highlighted as a zone with 
high convergence between 
the Indo-Australian and 
Pacific plates (©Tapster et al. 
2014 Geological Society of 
America. Gold Open Access. 
This paper is published 
under the terms of the 
CC-BY license. Figure 
created with GeoMapApp 
(www.geomapapp.org) / CC 
BY)

forward, there has been no exploratory drilling at the time of the publication of this 
book.

A suitable area for geothermal applications is the Savusavu hot spring area, in 
Vanua Levu. The boiling springs are currently used for cooking purposes (Fig. 19.4) 
and were described by early European explorers as displaying an intermittent geyser 
behaviour with hot water ejections at 12–18 m of height (Guppy 1903; Cox  1980), 
although these have now ceased. Ásmundsson (2008) provides the most recent 
publicly available scientific report on the South Pacific’s hot spring activity, reporting 
at least eight thermal springs near Savusavu.

Key information from a Japanese Government report to the Fiji Government in 
2009 was released stating that there is “a potential for 23 MW of geothermal-based 
electricity generation in Vanua Levu, at least 20 MW of which is near to the urban 
centres of Savusavu and Labasa (10 MW is near to each grid)” (IRENA 2015). 

In the medium to long term, the Fijian Government proposes to build a new 
USD 600 m (excluding exploration costs) geothermal installation with a 150 MWe 

geothermal capacity (Fiji Ministry of Economy 2018). Although geothermal energy 
is a highly competitive and an important energy source in volcanic regions, raising 
sufficient capital to cover the high upfront costs of exploration to ascertain viability 
is a major barrier to its implementation (Richter 2017).
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Table 19.1 Summary of geothermal resources in PICTs, including indication of temperatures 
recorded at various hot spring locations, the state of geothermal developments, and volcanic activity. 

Youngest 
volcanism 

Heat 
source 

Geothermal 
locations 

Hot Spring 
temperature 
range (°C) 

Development 
barriers 

Development 
potential 

Fiji Last 50 ka Excellent 53 thermal 
areas 

31–102 – High 

Papua New 
Guinea 

Last 500 a Excellent 41 thermal 
areas 

36–101 Rugged 
Terrain 

High 

Vanuatu Last 500 a Good 20 thermal 
areas 

30–200 Active 
Volcanism 

High to 
moderate 

Tonga Last 500 a Good Hot springs – Distance to 
population 

Moderate 

N. 
Marianas 
Islands 

Last 500 a Excellent Submarine 
only 

– Active 
Volcanism 

High to 
moderate 

Samoa Last 500 a Good Prospective 
rift valley 

– – Moderate 

Solomon 
Islands 

Last 500 a Good 8 thermal  
areas 

57–99 – High to 
moderate 

New 
Caledonia 

Unknown Unknown 2 thermal  
areas 

22–43 – Moderate 

French 
Polynesia 

Last 50 ka Possible Submarine? – – Low to 
moderate 

American 
Samoa 

~1 Ma Possible None – – Low 

Cook 
Islands 

1.5 Ma Possible None – – Low 

Pitcairn 0.45 Ma Possible None – – Low 

Palau ~20 Ma None None – – Extremely 
low 

Guam ~32 Ma None None – – Extremely 
low 

Niue >20 Ma None None – – Extremely 
low 

Kiribati ~80 Ma None None – – Extremely 
low 

Marshall 
Islands 

~80 Ma None None – – Extremely 
low 

Micronesia Unknown None None – – Extremely 
low 

Nauru Unknown None None – – Extremely 
low

(continued)
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Table 19.1 (continued)

Youngest
volcanism

Heat
source

Geothermal
locations

Hot Spring
temperature
range (°C)

Development
barriers

Development
potential

Tuvalu Unknown None None – – Extremely 
low 

(Adapted from McCoy-West et al. 2011)

Fig. 19.3 Geothermal potential of Fiji compiled by the Government of Fiji, Rapid Assessment and 
Gap Analysis February 2014 (©IRENA 2015)

19.2.2 Geothermal Energy in Papua New Guinea 

Geothermal resources in Papua New Guinea (PNG) may be of either volcanic or 
radiogenic nature due to the geological makeup of the area, which is also rich in 
copper and gold deposits (Berhane and Mosusu 1997; Williamson and Hancock 
2005; Kawagle 2005). Several reconnaissance studies, some of which are associated 
with mining interests, have been conducted, especially in New Britain in the Islands 
Region of PNG (McCoy-West et al. 2011; Williamson and Hancock 2005). However, 
there is a lack of geochemical and geophysical data in the public domain for many 
areas. Figure 19.5 provides an overview of the country’s geothermal areas.

The sole geothermal electricity development in PNG is a 68 MW plant located 
at Newcrest’s Lihir epithermal gold mine in New Ireland in the Islands Region 
of PNG, accessing a 240–300 °C hydrothermal reservoir (Australian Geothermal
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Fig. 19.4 Near-boiling 
temperature hot spring in 
Savusavu used for cooking. 
Chemical analysis of the hot 
spring water suggests 170 °C 
at depth in this 
area—although slim holes 
drilled to a depth of at least 
800 m are recommended for 
confirmation (Ásmundsson 
2008), © Klaus 
Regenauer-Lieb

Fig. 19.5 Overview of geothermal areas in PNG (Source McCoy-West et al. 2011)
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Association 2020). There are two main reservoirs on-site: a shallow reservoir (5– 
600 m, 240–250 °C) and a deep reservoir (>1000 m, 250–300 °C). Several drillings 
were carried out to depressurize the geothermal aquifers to allow for on-site mining. 
The geothermal plant was initially developed in 2003 with a 6 MWe capacity, with 
successive developments in study phase. 

Strong interest has been expressed in geothermal energy due to the region’s high 
fossil fuel prices (maximum retail diesel price around USD 0.94/L [Vukikomoala 
and Wainibalagi 2019]) and the haphazard nature of the hydrological cycles for the 
country’s hydropower plants (Kuna and Zehner 2015). It was also suggested that 
small-scale geothermal systems may prove to be beneficial for the development of 
rapidly growing communities across the country (McCoy-West et al. 2011). 

On August 18, 2020, a PNG government press release introduced the country’s 
novel Geothermal Resource Policy. Under the policy, all explorations and develop-
ments related to geothermal resources are allowed under governance of the Mineral 
Resources Authority (via the Mining Act 1992), thus providing a dedicated legisla-
tive and regulatory framework for developers. Previously, permit applications for 
developments of this kind were submitted as mineral exploration campaigns or under 
various mining legislations, resulting in only two applications having been submitted 
historically (Australian Geothermal Association 2020). 

19.2.3 Geothermal Energy in Vanuatu 

The volcanic island group of Vanuatu features many geothermal areas (Fig. 19.6) 
associated with the New Hebrides Trench—a 1200 km long volcanic arc generated 
by the eastward subduction of the Australian plate beneath the Pacific plate (Broth-
elande et al. 2016a). There are nine active volcanoes across the country. The main 
island, Efate, has 21 known hot springs, 15 on Vanua Lava, 12 on Tanna and 10 on 
Gaua (Brooks 2015). Other islands are also richly endowed in geothermal activity, 
providing ample local energy resources.

An Australian geothermal company KUTh (now ReNu Energy), obtained 
prospecting licenses in 2009 and upon completion of initial geophysical and 
geochemical explorations proposed to construct a 4 MW geothermal power plant on 
Efate (at site C in Fig. 19.7) in close proximity to the Takara hot spring (KuTh Energy 
2010). Environmental and social impact studies have been completed, highlighting a 
‘medium’ residual risk factor for all impacts and a few potential long-term impacts in 
the social space—mainly relating to perceived inequalities and the marginalization 
of vulnerable groups (Geodynamics 2014). However, exploration drilling has not yet 
commenced due to the high cost of drilling (Richter 2017).
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Fig. 19.6 Geothermal areas 
and active volcanoes in 
Vanuatu (Source 
McCoy-West et al. 2011)

19.2.3.1 Case Study: Tanna Island 

Tanna Island is an excellent example of abundant unexploited heat sources suitable for 
geothermal developments. Some preliminary resource assessments for Tanna Island 
have been conducted by the Vanuatu governmental Geology Mines Unit in conjunc-
tion with several international laboratories and independent researchers (Bloomberg 
and Leodoro 2016). These include water sampling studies and the development of 
hydrothermal models for the region, which describe the behaviour of the geothermal 
reservoirs. However, more comprehensive geophysical, chemical, and remote sensing 
assessments are required to understand the exploitability of this resource. 

On Tanna all geothermal activities are associated with resurgence processes of the 
underlying Siwi caldera; a large volcanic crater area formed by a previous major erup-
tion. A study by Brothelande et al. (2016b) has suggested that the high degassing rates 
of sulphur dioxide in the area may signify high associated levels of basaltic magma 
intrusion. This process is directly related to the substantial uplifting of important
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Fig. 19.7 Proposed site of the geothermal power plant near Takara Hot Springs in Efate Vanuatu, 
at site C. A and B indicate alternative sites for the proposed geothermal installation (Source Brooks 
2015)

geological features and thus a frequent seismic activity (with first activities recorded 
by western researchers in 1878 [Patton 1894]). 

The caldera zone (Fig. 19.8) also displays an active volcano, Mount Yasur (361 m 
above sea level). Its continuous eruptions may indicate high-temperature magma-
hydrothermal systems (Merle et al. 2013), which are optimal for larger geothermal 
power plants. These eruptions have also shaped the geological landscape of the area, 
forming large lava and ash plains with mounds several meters deep.

Ancient magma-driven geological processes have also allowed for the devel-
opment of the island’s rich coral reef terraces, indicating a stark link between its 
geothermal resources and rich ecological features (Métrich et al. 2011). A study by 
Merle et al. (2013) has also analyzed various geological features of the area to provide 
insights on how the caldera zone may change in the long-term through magmatic 
migration. 

As per a study of Bloomberg and Leodoro (2016) water samples from four 
different geothermal sources in this area indicate high acidic contents and a mix of 
meteoric and seawater signatures, suggesting various modes of hydrothermal spring 
recharge. Geothermometry measurements suggest that underground reservoir waters
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Fig. 19.8 Map of the Siwi caldera area with important surveying features, such as waterways and 
inhabited areas. Unvegetated areas are marked as surface geothermal features (Source Brothelande 
et al. 2016a)

boil during ascent and some surface hot springs have recorded discharge tempera-
tures of up to 200 °C, thus suggesting the presence of a low-depth high-temperature 
heat source. This low depth simplifies drilling endeavours and opens up to a wide 
variety of geothermal applications including Organic Rankine Cycle plants. 

Hydrothermal models of Tanna were also developed (Figs. 19.9 and 19.10) in  
accordance with an electrical conductivity mapping study conducted by Brothelande 
et al. (2016a) which had previously indicated potential geological facilitators of fluid 
flow, such as underground faults. The model includes seawater intrusions, meteoric 
recharge pathways, ascension/descension patterns, fracture zones, and surface spring 
manifestations. Overall, the understanding of this geothermal source’s behaviour, and 
others that are similar, is crucial to effectively install technologies to provide energy, 
food, and water services, as explored in the following section.

19.3 Geothermal Solutions 

Technologies that employ geothermal heat to provide a wide range of services, 
including power generation, refrigeration, and desalination, offer opportunity to 
improve water, energy, and food security. This section provides the reader with an 
extensive coverage of geothermal approaches to the energy, food, and water nexus, 
suitable for implementation in the Pacific.
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Fig. 19.9 Lateral section of the Siwi caldera (Source Bloomberg and Leodoro 2016) 

Fig. 19.10 Longitudinal section of the Siwi caldera (Source Bloomberg and Leodoro 2016)
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19.3.1 Energy 

19.3.1.1 Thermosyphons 

Thermosyphons are passive thermal management systems based on the natural 
convection of the working fluid between a hot and a cold source and thus are ideal 
to displace heat from one location to another. Thermosyphon systems are used in 
solar hot water units and are also considered for efficient next-generation super-
conducting machine designs which have cooling loads in excess of the MW range 
(Yamaguchi et al. 2019). Thermosyphon systems have also been proposed for elec-
tricity generation from low-temperature geothermal heat (Li and Liu 2011; Teimouri 
and Behzadmehr 2019; Eavor 2021). Thermosyphons could be used in PICTs to 
harvest heat from shallow geothermal reservoirs for either direct-use applications 
or power generation in small communities, thus being an important technology to 
enable access to heat and electricity. However, their usefulness has not yet been 
demonstrated in practical applications in the Pacific. 

19.3.1.2 Electricity 

Geothermal power plants vary in scope accordingly to their scale and tempera-
ture (DiPippo 2015; Bertani 2016). Large high-temperature systems require deep 
wells and are the most efficient (direct steam flash). These are usually intended 
for baseload power in widely interconnected electricity grids as they foresee low 
energy costs. Small low-to-medium temperature systems are less efficient but foresee 
smaller capital costs and shallower wells. This makes them more suitable for rural 
communities which may not have access to an electricity grid. 

Organic Rankine Cycle (ORC) power plants (Fig. 19.11) operate on an organic 
working fluid which vaporizes at reasonably low temperatures (low-to-medium 
enthalpy). These plants accommodate a wide range of temperatures for the 
geothermal fluid (90–150 °C) and are therefore highly flexible. Alternatively, smaller 
power solutions could involve the use of underground thermopiles using the Seebeck 
Effect to convert a temperature gradient into an electric voltage, or nearshore 
thermosyphon-turbine-generator systems installed in low-tide conditions to exploit 
the temperature difference between an underground geothermal reservoir and the 
cooler, overlying seawater.
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Fig. 19.11 Configuration of 
an Organic Rankine Cycle 
plant (©2017 Franco and 
Vaccaro, CC BY 3.0) 

19.3.2 Food 

19.3.2.1 Food drying 

Food drying is an excellent means of enhancing food product value and creating 
alternative pathways for food preservation (Chua and Chou 2003). In the Pacific, 
drying is also used for copra production and the preservation and export of kava, a 
plant which is used as a beverage with depressant effects utilized in many traditional 
ceremonies (Lebot et al. 1997). Geothermal drying setups for produce have already 
been invented in communities living in off-grid areas in both Fiji and Vanuatu. The 
designs range from gravity-fed geothermal water in between two corrugated iron 
sheets to dry copra on the top heated surface, to simply exposing the food product to 
heat from volcanic vents. The latter can contaminate food with sulphur, arsenic, and 
other noxious compounds present in volcanic gases. 

Extrapolating from these local implementations, Fig. 19.12 displays a conceptual 
design of a low-cost food drying system. This design foresees natural air flow and a 
multi-tier drying chamber made of bamboo, selected for its versatility, natural abun-
dance in the Pacific, and the augmentation of its structural properties with prolonged 
heat exposure (McNamara and Prasad 2014; Shangguan et al. 2016). It also presents a 
variety of node-based construction techniques which render it highly suitable in low-
resource environments, where nails and adhesives may be scarce (Schröder 2021). 
Soil, rock, and ash (perhaps collected by nearby volcanic ash mounds, provided 
low levels of biotoxicity are ascertained) may be used to fill the interface between 
the geothermal heat reservoir and the food drying environment to achieve optimal 
temperatures within the drying chamber. Support structures may also be optimized 
to facilitate drying of typical products. For example, low-level drainage systems may 
be integrated in the base heat plate to remove excess water from coconut kernels, 
thus ensuring optimal dryness within the chamber and minimizing pre-treatment.
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Fig. 19.12 Schematic of a conceptual design for a direct heat use geothermal passive food dryer 
based on conduction through a dirt, ash, and rock mesh. Uncomplicated architectures and material 
layouts make the implementation of this design straightforward and within local capacities for 
rural PICT areas. Relevant material thicknesses (t, d1, d2) may be optimized to achieve a drying 
temperature (Td) of 60–70 °C and an optimally associate plate temperature (Tp). This optimization 
depends on the geothermal source temperature (Ts) and ambient temperature (Ta), as well as average 
ventilation speeds and the thermal properties of the materials involved. Diffusion-based or heat-
and-mass-transfer models may be used to model the system’s behaviour (Jay et al. 2005; Kumar  
et al. 2012) to ensure moisture is reduced to below 25% (©Edoardo Santagata) 

19.3.2.2 Refrigeration 

Remote communities in PICTs have limited means to store food, although customary 
ways have long been practised for traditional staple crops, such as drying, fermen-
tation, and storage in dedicated huts (Malolo et al. 1999). The proposed geothermal 
cooling solution is based on replacing electrically driven vapour compression chillers 
with heat driven sorption chillers (refrigerator/freezer). The technology is highly scal-
able so that it may service cooling needs for large commercial buildings, including 
universities, hospitals, hotels, airports, server rooms, and shopping centres. Hot 
geothermal water as the principal power source is the most energy efficient means 
of heating and, counterintuitively, cooling. Ab(d)sorption chillers (for high and low 
temperatures respectively) have so far only found a niche market for camping and off-
grid uses. However, they could also be scaled to use the waste heat from large-scale 
energy applications, such as an ORC plant, to service an adherent cooling load. 

This refrigeration technology (Fig. 19.13) is similar to the ubiquitous electrically 
driven technology, with the main difference consisting of the use of a thermochemical
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Fig. 19.13 Mechanical chillers versus Sorption chillers (©Edoardo Santagata) 

compressor instead of an electric compressor. A small source of electricity is still 
required for circulating the working fluid, but the pumping power is minor and can 
be provided by an off-grid photovoltaic (PV) system or a small generator. 

Sorption chillers have fewer moving parts and are quieter and more robust than 
mechanical compressors. This is another reason making them an ideal fit for instal-
lation in remote communities, since the need for technical maintenance is reduced. 
The use of thermal chillers is widespread in tri-generation facilities which supply 
electricity and use waste heat from a generator to drive absorption chillers for air 
conditioning settlements in hot climates (Eveloy et al. 2014). Even in cold climates 
the cooling technology has been used with great effect (Holdmann 2016; Yifru  
Woldemariam 2019). 

19.3.2.3 Greenhouses and Fish Farming 

Self-subsistent agriculture and fishing are some of the core foundations of life in many 
Pacific rural communities. Techniques to enhance these practices via geothermal heat 
may be beneficial to ensure food security, augment production, and refocus resource 
utilization practices to facilitate natural resource regeneration (Goldburg and Naylor 
2005). 

Geothermal heat may be used to ensure stable temperatures for both vegetation and 
fish; both of which thrive in a range of preferred temperatures. This temperature pref-
erentiality may be used advantageously to farm high-value and high-nutrition species 
which would otherwise perish in the local environment. This provides new opportuni-
ties for both nutrition and small-scale commercial farming and prevents infestations 
on behalf of non-native species; to which Pacific ecosystems are particularly sensitive 
due to their condensed nature (Hay and Bells 2007). 

Greenhouse heating/cooling may be provided by ground-coupled dual-loop heat 
pump systems (Fig. 19.14). Cooling occurs by allowing refrigerants in a primary 
heat pump-driven loop to transfer heat to a secondary underground recirculating
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Fig. 19.14 EcoLoop™ design by the company Ceres to provide heating and cooling to greenhouses 
(Source Ceres 2020) 

water loop. Conversely, heating on cold days occurs by absorbing heat stored in the 
underground loop. In colder climates (e.g., New Zealand), a simpler solution may be 
adopted by excavating 1–3 m trenches to insert earth tubes, which draw air from the 
external environment, heat it up using the geothermal source, and carry it inside the 
greenhouse. Geothermal boreholes for soil heating have also successfully been used 
to improve agricultural outputs in cold climates (Dell et al. 2011). Similar principles 
may be implemented for the pond bottom of aquaculture facilities with heat transfer 
via thermosyphons or direct contact with the geothermal reservoir. 

19.3.3 Water 

19.3.3.1 Desalination 

Although most PICTs receive ample rain, water scarcity is still prevalent due to 
unfavourable groundwater recharge layouts for small islands, rain shadow areas 
formed by mountains, and insufficient landmass for rainwater capture (as detailed in 
Chaps. 2 and 5). As such, water is still being shipped to many small islands during 
drought (Falkland 2002; SPC 2007). Infrastructure to capture rainfall and clean local 
water supplies is also insufficient, especially on low lying atoll islands (Falkland
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2002). Obtaining clean water is therefore one of the highest priorities to improve the 
standard of living in the region (UN 2021). 

Geothermal desalination involves the use of geothermal heat to evaporate salt 
water to remove the salt and render it potable. This process does not require electricity 
and therefore can operate safely in off-grid communities. Basic daily potable water 
access per capita is defined to be 20 L, within a 1 kmor 30min  round-trip, and optimal 
water access is 100–200 L, via multiple taps in each household (WHO 2017). 

Thermal distillation can function with a low-temperature heat source and is highly 
robust. Aristotle (384–322 BC) reported Greek sailors harvesting freshwater from 
ocean water by thermal distillation (Ross 1931). It constitutes a significant proportion 
of current freshwater generation through modern Multi-Effect-Distillation (MED) 
and Multi-Stage Flash (MSF) facilities that use waste heat from power generation 
as a convenient energy source. In small-scale operations, the most frequent heat 
source is a wood-fired oven. Modern MED facilities (Fig. 19.15) can run down to a 
temperature of 55°C and produce freshwater from natural hot groundwater systems at 
a competitive price, even where geothermal surface manifestations are absent (Christ 
et al. 2017). 

The design specifications for industrial scale freshwater generation are ideal for 
town water supply and ships, but for remote communities, a single-effect desalination 
unit would be sufficient as it produces 1000 L/day (Fig. 19.16). This device has very 
compact dimensions and is based on a plate-type heat exchanger. Many similar 
devices are available commercially. Commercially available emergency freshwater 
generators that do not require electricity are also available. These rely on heat to 
evaporate and recondense water to remove pathogens. A design of this sort may be 
more suitable for Pacific rural communities with no electricity.

Fig. 19.15 A compact Multi-Effect-Distillation (MED) design uses a cascade of evaporation and 
condensation chambers where the latent heat of the condensers is used as a heat input for the next 
distillation step operating at lower temperatures and lower pressures. A patented compact design is 
shown where a steam booster increases the freshwater yield (©Christ et al. 2015) 
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Fig. 19.16 Single effect desalination unit developed by the company Alfa Laval. The plate-type 
heat exchanger design is titanium-coated and is easy to clean in the event of fouling. A small source 
of electricity is still required to drive the vacuum and circulation pumps (©Alfa Laval, 2015-2023) 

19.3.3.2 Ecotourism 

Ecotourism provides the means of establishing income streams which are reliant on 
the sustainable preservation of local natural resources (Su et al. 2014;Wall  1997). The 
construction of non-invasive low-cost tourist facilities may help well-placed commu-
nities to gain revenue by providing access to natural geothermal baths, saunas, and 
balneotherapy centres. The use of geothermal water for bathing and curing ailments 
has also been part of some traditional Maori cultures in New Zealand (Neilson et al. 
2010), thus demonstrating a linkage to culture and traditional living practices. 

19.3.4 Nexus 

The use of indigenous geothermal resources provides the opportunity to achieve 
interconnected developments which are conducive to water, energy, and food secu-
rity in the Pacific. The common reliance on geothermal heat to desalinate water, 
produce energy, and assist with food processing/preservation is at the forefront of 
achieving the nexus ideal—providing each necessity in a harmonious and intercon-
nected fashion. The robust nature of the presented solutions allows for the integration 
of processes which improve efficiency (such as geothermal cascading, explored in 
Sect. 19.4.2) and ensures that PICTs with geothermal resources may maintain the 
nexus’ functionality with more financial and technical independence. The elimination 
of external dependence for fuel, water, and food imports allows for significant import 
savings and shields PICTs against the economic and resource stressors experienced 
by the disruption of shipping supply chains, such as in the case of the COVID-19 
pandemic (Kim et al. 2020; Richardson and Hitchins 2021).
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19.4 Design Principles for Geothermal Developments 

Two key design principles suggested for geothermal developments are integration 
with nature and society and geothermal cascading. These focus on the establishment 
of self-sufficient development support cycles (for low levels of development) and 
efficiency maximization (for higher levels of development). 

19.4.1 Integration with Natural and Social Systems 

The viability of geothermal projects in PICTs, especially in rural areas, can be greatly 
enhanced by designing appropriate and sustainable heat-based services as part of a 
nature-integrated and socially coherent system that focus on robustness, autarky 
(i.e., self-reliance at a national level), and low social and environmental impacts. 
Basic requirements to satisfy day-to-day needs, such as food drying to preserve food 
and desalination to provide potable water, are best met with techniques that draw 
inspiration from traditional indigenous practices and natural systems. This approach 
ensures that the resources, materials, and skills required to assemble most projects 
are readily available (as they are locally sourced and familiar) and independent of the 
typical developmental project barriers associated with unsuitable financial structures 
and limited technical capacity (Dornan 2014; Surroop et al. 2018). 

Where possible, designing and building using locally grown products (such as 
bamboo or palms—which can also be dried with geothermal heat to avoid shrinkage, 
swelling, and contamination), native rocks and minerals, and traditional engineering 
architectures reduces costs, ensures minimal dependence on external participants, 
and relieves projects of all problems relevant to the import and installation of replace-
ment parts. In most cases, technologies developed in this manner are also more 
consistent with the existing technical aptitudes and traditional modes of living of 
local residents. The additional technical, social, political, and financial complexity 
introduced by high-tech solutions may result in outcomes in direct contrast with the 
advocations of energy development projects (Banks 1993; Tisdell 2002; Karekezi 
et al. 2006). 

There is also ample evidence supporting the inclusion of sustainable and culturally 
relevant approaches within energy project conceptions and operational mechanisms 
for rural developments, in both an environmental and financial sense (Ferrer-Martí 
et al. 2012; Ramani 2004; Rehman et al. 2010; Xiaohua and Zhenmin 2002). Tradi-
tional economic dynamics, prominent in many PICTs (Rosseau and Taylor 2012), 
may also be embedded in project cycles to render justice to traditional modes of 
living and ensure local participation. These take the form of rethinking project oper-
ation in the local sociocultural framework as opposed to traditional business-oriented 
frameworks.
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19.4.2 Geothermal Cascading 

The concept of cascading thermal recovery in low-to-medium enthalpy geothermal 
applications has been plentifully discussed in literature and industry (Lindal 1973; 
Regenauer-Lieb 2011b; Rubio-Maya et al. 2015). The sequencing of cascaded heat 
systems (Fig. 19.17) is designed to obtain maximum utilization of the harvested 
geothermal heat to meet a variety of services with optimal efficiency. As such, 
warmer processes are encountered by the geothermal fluid first and cooler processes 
last. Services which may function in this regime include electricity production (via 
the integration of power plants, such as ORC plants), heating, cooling, refrigera-
tion, cattle breeding, incubators, milk pasteurization, greenhouses, fish farming, food 
processing, industrial drying (including timber drying), water desalination, bathing 
areas, and saunas. 

A few practical examples of these implementations exist, including the famous 
Unterhaching community network in Germany (38 MWth, 3 MWe). Many devel-
opment proposals in this fashion also exist, including ones for the Eburru and 
Barrier communities in Kenya, the Sabalan geothermal region in Iran, the Kozani-
8 geothermal well in Albania, and Alkimos city in Western Australia (discontinued 
due to an unsuccessful bid) (Regenauer-Lieb 2011a; Nevton et al. 2012; Rubio-Maya 
et al. 2015). 

There are various technical and economic barriers to the implementation of these 
cascading systems, such as high upfront costs, few demonstration projects, and high 
retrofitting expenses, which are usually more substantial than ones incurred from 
building interconnected heat systems anew. To some degree, undeveloped rural areas 
provide an advantage in this case, as little-to-no pre-existing infrastructure exists. 
Cascading interconnections require extensive planning and well-defined mainte-
nance and fault identification protocols to ensure system functionality, efficiency,

Fig. 19.17 Conceptual diagram of a geothermal village concept (Modified from Varet et al. 2014) 
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and reliability. If properly arranged, their large upfront cost may provide plentiful 
returns as well as economic and social benefits in terms of improving water, energy, 
and food security. 

19.5 Application: Geothermal Villages 

The following section briefly discusses the idea of a geothermal village and eluci-
dates on a few important sociocultural and technical considerations for geothermal 
implementations in PICTs. The Tanna Island case study (Sect. 19.2.3.1) is here briefly 
explored as a proxy for rural PICT developments. While the viability of develop-
ments in Tanna in the long-term is still to be assessed, geothermal solutions for 
energy, food, and water are a clear opportunity given the local context. 

19.5.1 Case Study: Tanna Island 

The idea of a geothermal village is to establish an integrated communal system 
of energy and material flows, where societal activities take place in harmony with 
naturally present geothermal resources. The interconnected nexus approach of water, 
energy, and food security is highly suited to this. In Tanna, this has a particular 
significance given the need to provide services such as desalination and sufficiently 
high temperature cooking systems (with 73 °C being a good target to extinguish most 
microbial agents [Kawabata et al. 1983]). Given the limited technical capacity present 
on the island, these systems would foresee low levels of sophistication and minimal 
intrusion, as per the first design principle introduced in this chapter. This ensures that 
communities with little technical background residing in isolated regions can operate 
and maintain them. All systems within a geothermal village should be designed and 
arranged from a holistic perspective, taking into account all the particularities of 
the local people, resources, and environment to prevent cultural and environmental 
spoilages. Some examples of robust designs have already been presented throughout 
Sect. 19.3, such as conduction-based food dryers. 

In Tanna, various communities with separate forms of governance are spread 
across the caldera area, from Port Resolution to Sulphur Bay, with an estimated popu-
lation of roughly 1500 people. These communities display some limited infrastruc-
ture (small schools, dispensaries, aid posts) and have reasonable road accessibility. 
Energy poverty is widespread and typically small lighting loads and smartphone 
charging are serviced by small diesel or petrol generators or PV systems. 

Most locals live subsistence-based lifestyles centred on fishing and agriculture 
(with main cultures involving coconut, kava, breadfruit, and cassava), which would 
greatly benefit from geothermal implementations. Most communities share similar 
sociocultural elements, such as the use of the Kastom Ekonomi (a cashless traditional 
economy based on hierarchies, relationships, and trade, but does not apply for the
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payment of school fees, kerosene, and other products such as tea and sugar) and the 
respect of Tabu Land (i.e., sacred areas, burial grounds) (MacClancy 1981; Rousseau 
and Taylor 2012). Another common cultural aspect is the presence of cargo cults, a 
millenarian belief system centred around the fetishization of western technologies 
as a result of interactions with military forces during the Second World War (Sherry 
2017; Lindstrom 2019). 

Geothermal resources in this area are abundant (Sect. 19.2.3.1). However, they 
are not entirely riskless, as these communities have suffered health impacts due to 
the volcanic fluorine content in surface waters (Cronin and Sharp 2002). Agriculture 
and PV system performance have also suffered due to frequent toxic ash rains, killing 
crops and soiling solar panels (VGMD 2021). 

As per the National Energy Road Map (NERM) outlined by the Vanuatu govern-
ment, there is an ongoing national effort to provide energy solutions to off-grid 
communities (Republic of Vanuatu 2016). Funding sources employed to achieve this 
are typically utilities, private companies, NGOs, the world bank, local governmental 
funds, and international development partners. Opportunities for project proposals in 
the geothermal space are present (Dornan 2015, Wolf et al.  2016, Keeley and Keeley 
2017). 

19.5.2 Other PICTs 

To ensure the applicability of geothermal solutions to other PICTs, sociocultural and 
economic contexts need to be explored in depth. For example, cargo cults in particular 
are widespread throughout the rural Pacific, and in PNG infrastructure vandalism and 
psychosomatic health detriments have been recorded as a response to development 
(Bettison 1978). Countries like Fiji also amortize the costs of diesel to the population 
via extensive subsidy programs (Chap. 3) which cover up the high cost of importing 
fuel to the region, thus potentially restricting funding to other economic sectors and 
affecting the financial superiority of geothermal solutions (ITP 2014). 

19.6 Conclusions 

Geothermal energy derived from natural hot springs or deep hot aquifers has an 
enormous potential to provide energy, food, and water solutions, often in an inter-
connected or nexus approach. It can provide a clean and reliable baseload energy 
capacity, represents a state-of-the-art renewable approach that has not yet reached 
its potential in the Pacific, and provides a wide variety of food and water security 
improvements. Its natural abundance in the Pacific also renders it a resilient and 
convenient option to expand energy systems and provide sustainable and appropriate 
development options to many PICTs. This is especially the case for isolated and 
rural communities with abundant heat sources. Furthermore, the implementation of
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geothermal facilities in a nature-integrated fashion supports a culture that embraces 
heat as a valuable commodity. This follows the example of other Pacific cultures 
where its use has been historically beneficial and central to daily life (Neilson et al. 
2010). 

In some Pacific countries, like Vanuatu, geothermal energy may present a cheap 
solution for electricity generation due to the high fuel cost of diesel gensets (Castle-
rock Consulting 2011). However, the core innovation in terms of extending energy, 
food, and water access in a riskless and cost-effective fashion lies in direct heat use 
facilities. The advantages of these facilities are threefold. Firstly, they allow compar-
atively low-cost demonstrations of the use of geothermal power for hot spring areas 
that are too low in temperature to be suitable (without deep drilling) for electricity 
production. This is especially important in PICTs where financial capabilities are 
limited. Secondly, they can be used to explore and test reservoirs further in order to 
reduce the financial risk of drilling deeper. This is important to support the larger 
capital investment of intermediate-to-large power plants. Thirdly, they provide a wide 
range of options in terms of waste heat use, which may be cascaded to other services 
such as chilling and desalination, as per the ideal geothermal village architectures 
(Varet et al. 2014). Providing reliable and clean geothermal energy with cascading 
benefits for water and food security is truly an exciting prospect for development in 
the Pacific. 
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Abstract Malnourishment and undernourishment are prevalent in Papua New 
Guinea, leading to disease, lower quality of life and less opportunity. Protein defi-
ciency in diets is a pervasive problem in PNG. Inland fish farming was introduced as 
a means of increasing access to locally produced protein, particularly for rural people 
who are poor and most impacted by diet-related health problems. Over the last decade 
there has been rapid growth of fish farming attributed to development interventions 
that facilitate adoption of better farming practices. The high cost of feed, poor supply 
of quality fingerlings, lack of infrastructure, and limited access to technical knowl-
edge are bottlenecks to fish farming that are being tackled by Government, NGOs 
and donor funded programs. Inland fish farming has also generated social benefits 
such as reduced crime and tribal fighting, introduced a second income for families, 
and increased access to better education and health services. 
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20.1 Introduction 

Papua New Guinea (PNG) is one of the oldest agricultural societies in the world. 
More than 87% of the population relies on subsistence farming, mainly vegetable 
growing, for food, (FAO 2017). Papua New Guinea is rich in natural resources such 
as minerals, fresh water, and fertile soils, yet more than 33% of the population 
earns less than $1.25 per day (FAO 2017). Fresh fruit and vegetables are readily 
accessible to most people in rural areas, with tubers a dominant component of diets. 
In contrast to subsistence vegetable farming, there is limited livestock culture except 
for small-scale chicken and pig farming which are widespread. Retail prices for fresh 
meat and fish are high for rural households. Pigs, although common, are usually 
eaten at ceremonies or used as ‘bride price’ in some communities (Anderson 2006). 
Consequently, consumption of protein is limited and affects the health of PNG’s 
largely rural-based population (Asian Development Bank 2012; Gibson et al. 1991). 
High feed and transport costs also inflate poultry prices (Glatz et al. 2013), which is a 
disincentive to farm chickens at a scale that could help address protein shortages. The 
remoteness of many traditional communities in PNG, particularly in the highlands 
and small islands, and low per capita income (FAO 2017), limits access to retail 
sources of protein (Vira 2015). 

Despite an increase in PNG’s GDP, child stunting rates have increased since 
2005 (Hou 2015). The prevalence of wasting (low weight for height- reflective of 
acute malnutrition) and nutrient deficiencies, such as iron, zinc, iodine, and vitamin 
A,  are also high (Hou  2015). Paradoxically, although stunting of infants is common, 
particularly in the highlands of PNG, obesity becomes an issue for adults (see Chap. 4 
for further details on a regional level of this paradox). The rising prevalence of 
obesity, diabetes, heart disease, and stroke threatens to encumber an already poorly 
resourced health system and will continue to have increasing impact on the morbidity 
and mortality of the people of PNG unless solutions can be found to provide adequate 
nutrition to all sectors of the community. 

Having sufficient dietary protein is very relevant to a nation where the majority 
of adults are either overweight or obese. Insufficient dietary protein results in the 
overconsumption of fats and carbohydrates, as is the case in PNG. The problem with 
current staple foods in PNG is that they are low in protein and important micronutri-
ents such as iron, zinc, iodine, and vitamin A (Hou 2015). Alternative food sources 
need to be found that provide higher amounts of these macro—and micronutrients on 
a per calorie basis without increasing the dietary content of saturated fat. This issue 
was recognized by Food and Agriculture Organization (FAO) in the 1950s during 
which a number of introduced fish species were stocked in rivers to create a wild 
fishery, followed by attempts to establish aquaculture. 

Wild-sourced and farmed fish are now widely considered socially, economically, 
and environmentally sustainable options to increase protein in diets in PNG (Vira 
2015). Fish farming, although not a traditional practice, has parallels to vegetable 
farming thus attracting interest (Hiruy and Sammut 2019; Tong 2018; Vira  2015). 
Unlike in Asia, where fish farming has a long history, fish farming in PNG has only
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been practiced since the mid 1950s, and until the turn of the century was considered 
a small, fringe activity (Vira 2015). Although fish farming in PNG is increasingly 
adding protein to diets (Hiruy and Sammut 2019; Vira  2015), the inland aquaculture 
industry still faces the challenges of reducing production costs, improving farming 
skills in remote communities most in need of protein, and achieving similar produc-
tion levels to farms in other parts of the world to enable farmers to generate income. 
For many farmers in PNG, low financial capital and a lack of knowledge on fish 
farming has stymied their efforts to maximize yields (Hiruy and Sammut 2019; 
Smith 2007; Tong 2018; Vira  2015). 

This water, energy, and food nexus case study chapter focuses on a program 
of inland fish farming research and extension, primarily involving the authors, 
comprising a series of interlinked research for development (R4D) projects funded 
by the National Fisheries Authority (NFA) in PNG and the Australian Centre for 
International Agricultural Research (ACIAR). The research and extension program 
has concentrated on improving fish production through research on better fish feeding 
strategies, improved fingerling production and broodstock management, education of 
farmers, and creating information networks using established social systems to facil-
itate knowledge transfer. This chapter focuses on the impacts of extending research 
findings to farmers rather than outlining the details of research into the technological 
aspects of the program. 

Firstly, the human health challenges that have underpinned the program’s effort 
to increase fish in the diets of people in PNG are outlined. This chapter also provides 
an overview of strengths, weakness, opportunities, and threats to sustainable fish 
farming in PNG and how the R4D interventions, through partnerships with NGOs, 
farmer groups and government agencies, have increased access to protein and gener-
ated a number of positive social impacts beyond meeting the nutritional requirements 
of people (Wani et al. 2012). We use selected examples from the program’s outreach 
and extension activities in both the highlands (Hiruy and Sammut 2019; Vira  2015; 
Wani et al. 2012) and coastal communities of PNG (Hiruy and Sammut 2019; Tong 
2018) to demonstrate how fish farming can change lives by addressing protein defi-
ciencies in diets, creating a source of income and improving the lifestyles of rural 
people.
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20.2 The Human Nutrition Problem in PNG 

There is a very high prevalence of nutritional disorders in PNG. PNG has the fourth 
highest rate of stunting (low height for age-reflective of chronic malnutrition) in 
the world, affecting almost one in two children under the age of 5 (International 
Food Policy Research Institute 2016). Despite an increase in its GDP, stunting rates 
have increased since 2005 (Hou 2015). The prevalence of wasting (low weight for 
height-reflective of acute malnutrition) and nutrient deficiencies, such as iron, zinc, 
iodine, and vitamin A, is also high (Hou 2015). Undernutrition in early childhood 
bestows an increased risk of rapid weight gain in middle childhood and obesity 
in adulthood (Gillespie and Haddad 2001). Thus, as individuals enter adulthood, 
the health burden shifts to one of overnutrition, with rates of obesity and type 2 
diabetes rising rapidly in both men and women (ODE Review UNICEF 2013; Office 
of Development Effectiveness 2015). Nevertheless, while overnutrition is a problem, 
so too is the ratio of macronutrients in diets, with protein often too low to meet the 
daily requirement for adults. 

The problems of under- and overnutrition are at great cost to PNG. Child undernu-
trition alone was estimated to cost $USD 508 million in the financial year 2015–2016, 
or 2.81% of its annual GDP, through its effects on child mortality, lost income and 
productivity, and the cost of treating diseases associated with childhood undernu-
trition (Hurney 2017). The rising prevalence of obesity, diabetes, heart disease, and 
stroke threatens to encumber an already poorly resourced health system and will 
continue to have increasing impacts on the morbidity and mortality of the people of 
PNG unless rapid solutions can be found to provide adequate nutrition to all sectors 
of the community. 

20.2.1 Prevalence of Stunting and Wasting in Children 
Under Five 

The prevalence of under-five stunting is extremely high in PNG at 49.5% in 2015— 
more than twice the world average. This represents an increase from 43.9% in 2005 
(Global Nutrition Report 2020). Stunting rates are higher in rural versus urban popu-
lations, with the highest rates in the Highlands Region (61.5%) and the lowest in the 
Islands Region (38.1%) (Hurney 2017). Stunting affects boys more than girls and 
increases rapidly in both sexes from six months to 24 months of age before plateauing 
between the ages of two and five (Hurney 2017). While stunting rates decrease with 
increasing wealth, the rate is still very high in the highest wealth quintile (35% in 
2009–2010), indicating significant non-fiscal influences on childhood nutrition. 

The prevalence of wasting in PNG was reported as 14.1% in 2015. In contrast to 
stunting, the wasting rate was highest in the Islands Region at 29.2% (Hurney 2017).
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Stunting and wasting are distinct conditions, reflecting chronic and acute undernu-
trition respectively. There is a stronger association between protein deficiency and 
stunting, whereas wasting represents a more general caloric deficit or a high incidence 
of infectious diseases, especially diarrhea (Bourke et al. 2016). 

20.2.2 Effects of Childhood Undernutrition 

There is a strong association between childhood malnutrition and mortality. Under-
nutrition results in a weakened immune system and increased susceptibility to infec-
tious diseases such as diarrheal disease, intestinal parasites, and malaria (Bourke 
et al. 2016). Wasting is associated with a nine-fold increase in mortality (UNICEF 
2013). Undernutrition has been reported to have caused or contributed to one third of 
child deaths in hospital (PNG Department of Health 2015) with estimates as high as 
76% for childhood deaths under age five in community and health centres (Schmidt 
et al. 2019). 

The first 1,000 days of life are believed to be crucial in determining the structure 
and function of a child’s brain. Stunting impairs cognitive development and school 
performance. Cognitive damage is permanent and cannot be reversed with weight 
gain after the age of two (Martorell et al. 2010). Importantly, stunting has long-term 
effects on adult health. As stunted children enter middle childhood, a programmed 
metabolic shift occurs, resulting in propensity for rapid weight gain and the develop-
ment of conditions such as obesity, hypertension, diabetes, heart disease, and stroke 
(Barker 1997; Gillespie and Haddad 2001). 

The prevalence of metabolic diseases in adulthood is high in PNG (World Health 
Organization 2020). In 2016, 25.8% of women were obese and 58.1% were either 
overweight or obese. In men, 16.6% were obese and 47.4% were either overweight 
or obese. This represents an approximately 60% increase in the prevalence of obesity 
since 2005 (Global Nutrition Report 2020). Correspondingly, the rate of type 2 
diabetes has dramatically increased. In 2016, diabetes affected 15.4% of men and 
14.3% of women, representing an approximate 50% increase from 2005 (Global 
Nutrition Report 2020). Given the low rates of diabetes screening in PNG, this figure 
is likely to be a gross underestimation of the true prevalence of diabetes. 

One in four adults have hypertension in PNG (Global Nutrition Report 2020). 
Whilst the prevalence of cardiovascular disease is not known, ischemic heart disease 
is the leading cause of death in adults (death rate 562 per 100,000 people), followed 
by stroke (198 per 100,000), with diabetes as the eighth leading cause of death 
(Global Health Index Data Exchange 2020; Centres for Disease Control and Preven-
tion 2019) As obesity and diabetes rates continue to escalate, the burden of disease 
from metabolic non-communicable is expected to increase over the next decade.
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20.2.3 Dietary Patterns in PNG 

The traditional diet in PNG is low in protein and high in carbohydrates, with tubers 
or cereals, rather than meat or fish, providing most of the protein intake (Schmidt 
et al. 2019). Even today, locally grown plant food provides 76% of total food energy 
and 57% of total protein intake, whereas imported rice and wheat provide just 14% 
of total food energy and 17% of total protein intake (Bourke et al. 2016). 

The staple foods of PNG are root and tuber crops, sago, and banana, the latter 
two being more common on the coast. The most commonly grown crop is banana, 
followed by yam, taro, and sweet potato. Other commonly consumed starches include 
cereal such as rice or maize, Chinese taro, sago, and cassava (Schmidt et al. 2019). 
Coconuts, nuts, and green vegetables provide a smaller portion of energy intake, but a 
relatively greater contribution to protein intake (Bourke et al. 2009) The main staple 
consumed is dependent on the region. For example, in coastal or riverine areas, there 
is greater consumption of sago, with limited vegetables (Hurney 2017). In urban 
areas, the staple foods are rice and wheat in the form of instant noodles and bread. 
More processed foods, such as tinned meat and fish, are consumed compared to rural 
areas, and over 90% of food is purchased from stores or markets (Government of 
PNG 2016). Nevertheless, the urban diet is still high in carbohydrates and low in 
protein (Bourke et al. 2009). 

Meat and fish only contribute 6% of food energy but 25% of protein intake in 
PNG (Bourke et al. 2009). The most common animal products consumed are fish, 
shellfish, pigs (usually eaten at ceremonies), chickens, and cattle, although the cost 
of beef is often too high to enable regular consumption. Often, unhealthy forms of 
meat, such as fatty lamb flaps, are consumed (Muntwile and Shelton 2000). The type 
of protein consumed is dependent on local production and cost. Approximately half 
of rural households own livestock or have a fish pond (Schmidt et al. 2019). Pigs and 
poultry are the most commonly owned livestock, but in the absence of refrigeration, 
slaughtered livestock has to be consumed quickly (Vira 2015). However, in areas on 
the coast or near rivers or lakes, fish is the main source of protein (Schmidt et al. 
2019) albeit not eaten often due to the high market prices or lack of fishing gear. 
On average, the people of PNG consume considerably less fish per person than in 
many other Pacific and Asian countries (Bourke et al. 2009) despite the abundance 
of water to farm fish, and in the case of coastal communities, access to many edible 
marine species.
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20.3 Fish Farming in PNG 

The abovementioned health issues have been a driver to increase access to protein 
in diets in PNG through inland fish farming. Inland fish farming is a commonly 
used aquaculture term for freshwater fish farming, whether conducted inland or in 
freshwater ponds close to the coast. Inland fish farming was introduced to PNG 
with the establishment of the Highlands Agriculture Experimental Station at Aiyura 
in the Eastern Highlands Province (EHP) in 1954, by the former Department of 
Agriculture, Stock and Fisheries (DASF) (Wani 2004). Initially, the focus was to farm 
common carp (Cyprinus carpio) using sweet potatoes and supplementary pelletized 
feed (Vira 2015). At the time, fertilization of ponds to drive natural food production 
was promoted as a suitable approach to feed carp, which are omnivorous, (La’a and 
Glucksman 1972; Reynolds 1970; Toneba 1980) as this was a low input farming 
practice thought to be suitable for poor farmers (Vira 2015). However, interest in 
fish farming was limited due to a lack of political support, higher than expected 
production costs and a lack of investment (Kan 1981). Government policy at the 
time also prioritized investment in production of plant-based protein (Wani 2004). 
A lack of traditional knowledge and expertise in fish husbandry (Glucksman and 
West 1963) also limited uptake of fish farming which was, at the time, a new farming 
practice (Wani 2004) and prone to failure. 

A shift towards higher value trout farming occurred in the 1980s but this prac-
tice was limited to the colder waters of the highlands and considered an income 
generating venture (Vira 2015). However, trout farming, although still undertaken in 
PNG, never expanded with some farms closing due to community conflicts and farm 
mismanagement (Masuda et al. 1994). A small number of farms have persisted, but 
the production levels do not address food or nutrition security needs of PNG (Vira 
2015). 

Fish farming remained largely a low-input practice for decades that was not widely 
adopted. The lack of uptake of fish farming and unremarkable farm yields, due to 
a lack of fish farming skills, eventually resulted in the Aiyura station ceasing all 
fingerling production in 1985. The Japan International Cooperation Agency (JICA) 
interventions at Aiyura in the 1990s restored interest and support for aquaculture in 
the highlands. A JICA project was initiated in collaboration with the Department 
of Fisheries and Marine Resources (DFMR) to restore fish production at Aiyura. 
The department subsequently transferred the facility to the EHP government in 1998 
when the DFMR became the National Fisheries Authority (NFA). The centre at 
Aiyura was renamed the Highlands Aquaculture Development Centre (HAQDEC) 
and although managed by EHP, research at the centre is mainly funded by NFA and 
operated by its staff, an arrangement that has continued. With fingerling supply at 
HAQDEC renewed under the JICA project, and increased extension and training, fish 
farming began to expand (Smith 2007). However, it was JICA’s 1999 importation of 
the late-maturing and faster-growing Genetically Improved Farmed Tilapia (GIFT) 
(Oreochromis niloticus) (Gupta and Acosta 2004a) that accelerated the growth of
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Fig. 20.1 Genetically Improved Farmed Tilapia (GIFT) is widely farmed in PNG. Households 
harvest fish as needed and excess fish are shared or sold with others thus increasing protein consump-
tion in communities. Income from fish farming is invested in expanding farms, school fees, medical 
care, and household items (© J. Sammut) 

aquaculture (Wani 2004) (Fig. 20.1). The species was easy to breed, tolerant of poor 
water quality, and could survive short periods of neglect by farmers. 

The JICA project at HAQDEC ended in 2000. However, research and development 
continued through a series of collaborative projects funded by ACIAR and NFA. 
Through partnerships with Australian agencies, a long-term program of research 
and extension developed, driven by NFA and the University of New South Wales 
(UNSW) since 2009 (Vira 2015), and previously by the University of Western Sydney 
(Smith 2007). There are now over 60,000 farms in PNG mainly operating small ponds 
integrated into vegetable gardens, and most culturing GIFT, although carp farming 
still occurs as a monoculture or mixed culture with GIFT (Vira 2015). This case study 
focuses on GIFT production as it is the dominant farmed species in PNG (Hiruy and 
Sammut 2019). 

20.3.1 Pond-Based Farming 

Farming of fish in earthen ponds (Fig. 20.2) is the dominant culture system in PNG, 
mainly due to the lower technology requirements of farming fish in earthen ponds, 
and land availability (Hiruy and Sammut 2019; Smith 2007; Vira  2015; Tong 2018).
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Fig. 20.2 A typical earthen pond system in Eastern Highlands Province constructed by a lead 
farmer. Most ponds are small and are integrated into vegetable or flower gardens (© J. Sammut) 

The ponds provide a regular source of protein to households. Currently, there are two 
broad categories for pond-based farming based on level of intensity and farmer skills 
(Table 20.1, Sect. 20.3.2). Small-scale fishponds are constructed within or adjacent 
to vegetable gardens to utilize water that has been routed to irrigate crops. Integrating 
fish farming into the overall vegetable growing area helps to retain nutrients generated 
by the farms; pond effluent is discharged into the vegetable gardens, where it benefits 
crops. 

The majority of farms in PNG can be classified as ‘improved extensive’ because 
farmers use only small amounts of formulated feed, mainly because of the high 
cost of fish feed, and do not use any mechanical aeration to maintain dissolved 
oxygen, as occurs in the higher density systems in Asia (Gupta and Acosta 2004a, 
b). Narimbi et al. (2018) found that the common practice of irregular feeding with fish 
pellets (usually weekly) is more cost efficient than daily feeding for ponds with low 
stocking densities in PNG; fish were found to utilize natural food for growth, and daily 
feeding using pelleted feed led to wasted nutrients and poor feed conversion ratios. By 
contrast, intensive pond-based systems used in other countries depend on mechanical 
aeration of ponds, regular water exchanges to maintain water quality due to the higher 
stocking densities, and high-grade, formulated feeds to achieve their high yields 
(Gupta and Acosta 2004a, b). However, although improved extensive farming of fish 
usually depends on low stocking densities, most farmers in PNG do not effectively 
manage in-pond fish breeding due to a lack of husbandry knowledge or a lack of effort 
(Hiruy and Sammut 2019). Consequently, unmanaged ponds become overcrowded
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with the progeny of earlier stocked fish. Once tilapia reach reproduction age they 
may continue to breed, and this leads to higher feed requirements to maintain the 
growth performance of the fish. Additionally, water quality can deteriorate because 
of overcrowding. 

To tackle the issue of overcrowding of ponds, lead farmers trained by NFA and 
the ACIAR project team have helped train other farmers to manage stocking densi-
ties by sexing fish and only farming males, which grow faster. However, this is 
a laborious and unwanted task, and the sex of tilapia cannot be determined until 
reproductive age is reached. To overcome this issue, NFA has trained farmers to 
produce and distribute all-male quality fingerlings. More recently, HAQDEC staff 
that were trained in hatchery practices in Asia (funded by NFA and Secretariat of the 
Pacific Community [SPC]) have successfully produced monosex fish (sex-reversed 
by hormone treatment to create all-male fingerlings) initially to support the ACIAR 
project’s research and then for distribution to farmers. The sex reversal methodology 
is now being adopted by satellite hatcheries established by NFA. Since 2019, all-male 
fingerlings have become available through NFA’s interventions thus eliminating the 
need to separate fish to prevent overcrowding of ponds. 

Participating advanced farmers (Table 20.1) are often entrepreneurial, have better 
education, and have access to financial and social assets that enable them to invest 
in fish husbandry and quality fingerling production (Hiruy and Sammut 2019; Vira  
2015). Subsequently, their yields are higher than for small-scale farmers (Table 20.1), 
and income generation is a priority over food security. Nevertheless, many small-
scale farmers are improving their practices as a result of training and are aspiring to 
produce fish for supplementary income (Vira 2015). The program, through NFA, is 
currently developing strategies to enable more small-scale farmers to transition to 
an advanced level of farming; these strategies include widening the extension and 
training program, building the technical capacity of the Provincial Fisheries Officers 
to improve access to technical information, and informing NFA’s development of a 
roadmap for aquaculture development. 

20.3.2 Cage-Based Farming 

Cage-based fish farming of tilapia (Fig. 20.3) is widely practiced in Asia, and was 
introduced to Yonki Reservoir, in EHP in 1994, five years after the reservoir was built. 
Initially the activity was not well received as the surrounding community preferred 
to exploit the wild fishery. Nevertheless, the stocking of the reservoir helped to 
provide protein to the communities surrounding the lake, as well as travellers along 
the Highlands Highway.

By the early to mid-2000s, wild fish stocks started declining due to unregulated 
fishing mainly through the indiscriminate use of various size gill nets that caught most 
age classes of fish thus reducing population recruitment (Wani 2004). The declining 
wild catches renewed interest in cage-based fish farming. By this time, the earlier 
access to wild fish had established a market chain for fish and an acceptance of fish as



20 Towards Food, Nutrition and Income Security in Papua New Guinea … 455

Fig. 20.3 Cage-based farmers at Yonki Reservoir. Farmers have been trained by the project team 
and also supported under a previous SPC project. Cage-based farming utilises the water resources 
of hydro-electric reservoirs. However, there is an urgent need to develop management guidelines 
and carrying capacity models to minimise environmental impacts (© J. Sammut)

an alternative source of protein in communities that traditionally consumed pork— 
usually only during ceremonies—or other village livestock, such as chickens. A lack 
of quality fingerlings and access to feed, along with poor knowledge of fish husbandry, 
slowed the growth of the industry until NFA and ACIAR project staff, along with 
projects funded by SPC facilitated access to technology, knowledge, feed, and farm 
infrastructure. More recently, NFA facilitated the establishment of a hatchery at Yonki 
specializing in production of all-male fingerlings, which has alleviated pressure on 
HAQDEC to provide fingerlings to cage-based farmers. The success of the NFA-
funded fingerling production training of lead farmers and project staff sent to the 
Asian Institute for Technology in Thailand, along with subsidized imported feed and 
nets in 2018, led to an increase in production (Hiruy and Sammut 2019). There is 
now a total of 77 semi-commercial cage fish farmers at Yonki Reservoir. 

Cage fish farming at Sirinumu Reservoir, located in Central Province approx-
imately 45 km east of Port Moresby, was introduced by NFA in 2003 after the 
landowners requested NFA to stock the reservoir with barramundi fingerlings to 
establish recreational fishing opportunities at the reservoir to bolster tourism. At 
the time, the sustainability of a recreational fishery was unknown, but the viability 
of cage-based farming was considered high due to the optimal water temperatures
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for tilapia growth compared to the colder water of Yonki Reservoir, thus enabling 
farmers to produce more crops each year. NFA proposed and supported cage fish 
farming rather than recreational fishing given that food security was a priority and 
income could still be generated from cage-based farming. As for Yonki Reservoir, 
accessibility to fingerlings and feed are still the main impediments to farming at 
this location. With the establishment of two satellite hatcheries for sex-reversed (all 
male) tilapia fingerlings and availability of NFA subsidized feed, semi-commercial 
tilapia farming on Sirinumu is accelerating and surrounding areas, and residents of 
Port Moresby have benefited from access to fish-based protein. There are now 100 
full time semi-commercial fish famers on the reservoir. Most of the farmed fish is 
either sold fresh at the farm site or cooked and sold in the nearby township of Sogeri.

20.4 Strengths, Weakness, Opportunities and Threats 
Analysis (SWOT) of Inland Aquaculture 

The NFA-UNSW program of research has mainly focussed on clearing current bottle-
necks to production, such as access to feed and quality fingerlings, and exploring 
the opportunities to grow the industry sustainably with food and nutrition security 
priorities over income generation. The program has utilized Sustainable Livelihoods 
and Lifestyle Analysis (SlifA) and several provincial and country-wide SWOT Anal-
yses, along with various social impact assessment methods, to evaluate the status of 
the industry and to scope current and emerging issues to underpin NFA’s strategic 
development processes. This section summarizes the findings of Vira (2015) and 
Tong (2018) and data from ACIAR Project FIS/2014/062 collected across eight fish 
farming provinces in PNG as a basis for strategic development of the industry by 
NFA (Table 20.1) and to inform the R4D program. Information from our active SlifA 
research (Hiruy and Sammut 2019) and data from interviews of lead farmers, farmer 
cooperatives, and staff of our project partners are also incorporated. 

20.4.1 Strengths and Weaknesses 

The strengths and weaknesses are largely internal factors that affect the sustainability 
of the industry. The tradition of farming is a key strength in PNG, despite the differ-
ences between growing fish and farming vegetables (Vira 2015). The concept of 
producing your own food is integral to subsistence farming in PNG and has helped 
farmers to adopt fish farming as a companion practice, mainly to address dietary 
protein deficiencies (Vira 2015). Although this is a strength, a related weakness is a 
poor understanding that fish, unlike vegetables, require a different skillset and more 
investment in husbandry to maximize yields (Tong 2018; Vira,  2015). Fish farming 
success depends on a supply of quality fingerlings, good fish feeding strategies,
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Table 20.1 Tilapia farming categories and systems in PNG based on survey data collected by 
ACIAR Project FIS/2014/062 

Farmer category Goal Average yield per ha 
per crop 

Other characteristics 

Small-scale 
(Subsistence farming) 

Household protein 
needs followed by 
secondary income 

< 50 kg/ha/crop Usually dependent on 
fingerlings from others; 
low fish feeding 
frequency; vegetable 
garden waste as fish 
feed with limited 
supplementary 
commercial feed; pond 
fertilization to increase 
natural food 
Limited fish husbandry 
skills 

Medium-scale 
(Advanced 
pond-based farmers) 

Income then 
household protein 
needs 

300 to 400 kg/ha/crop Higher stocking and 
feed frequency; 
incorporate commercial 
feed or their own milled 
fish pellets; usually sell 
fish at markets; 
fingerling production 
has developed as a side 
business; better 
infrastructure and 
financial assets at outset 

Cage-based farmers 
(Advanced) 

Income then 
household protein 
needs 

>1.5 tonnes/farm/crop High stocking densities; 
entirely dependent on 
commercial feed; 
farmers have developed 
a short market chain; 
able to sell to retail 
sector but currently poor 
price negotiating power 
Currently practiced in 
Yonki Reservoir in 
Eastern Highlands 
Province and Sirinumu 
Reservoir in Central 
Province

managing stock to reduce in-pond breeding, and maintaining good water quality. 
Farmers with a poor understanding of fingerling quality are likely to stock their 
ponds with stunted adult fish purchased at markets and passed off as fingerlings 
by unscrupulous sellers. The causes of stunting in fish include poor nutrition as a 
result of low-quality or expired feed, poor feeding strategies, environmental stress 
affecting appetite, or increased competition for feed due to farmers not removing 
the progeny of adult fish in ponds. Farmers report that ponds are overcrowded with
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progeny resulting from uncontrolled breeding (Hiruy and Sammut 2019; Vira  2015) 
but they are unable to distinguish which fish are stunted from recently stocked finger-
lings. Stunting can also occur if fish divert energy away from muscle growth to meet 
reproductive energy demands. 

The high cost and poor access to quality formulated feeds is a major bottleneck 
to growth of the industry and a cause for poor farm yields. Fish feed accounts for 
more than half the production cost (El-Sayed 1999) and in PNG can be upwards of 
70% if farmers feed their stock daily due to higher feed costs compared to other 
countries (Hiruy and Sammut 2019). Interviewed farmers complained that fish feed, 
when available, was too expensive, or that they had no understanding of the feeding 
frequency required to maximize their yields. Many farmers also do not keep records 
to determine their input and production costs, thus being unable to determine if 
fish farming is profitable. For subsistence farmers, producing fish for the household 
is not problematic since many do not depend on a high fish feed input, and fish 
of any size are considered edible. Nevertheless, increasing the size of farmed fish 
and improving farming efficiency can enable farmers to also sell excess fish after 
household protein needs are met. Project survey data suggest that up to 40% of excess 
fish are shared with others in the community, thus making protein more accessible. 
However, farmers that produce fish primarily for income are impacted by the high cost 
and low availability of fish feed in PNG, and this can lead to farm abandonment (Vira 
2015). This is particularly the case for cage-based farmers who depend entirely on 
formulated fish to growth their fish. By contrast, small-scale pond-based fish farmers 
utilize natural food (e.g., insects and algae), fertilizer to enhance primary production, 
and vegetables or crop waste to supplement the diets of farmed fish (Narimbi et al. 
2018; Parata et al. 2020). 

The lack of road infrastructure in PNG, along with limited cold storage facilities 
and cold transport services, limits the distribution of fish from farming areas to 
markets (Hiruy and Sammut 2019; Vira  2015). Consequently, farmers who are not 
located close to a major highway, or without access to cold storage, cannot sell fish 
to the more lucrative markets in urban areas. Regardless, transport costs in PNG 
are also high and a disincentive to small-scale farmers with low financial capital to 
distribute their fish more widely. 

Support from members of the farmers’ wantok system is a key strength given 
that the high cost of labour associated with constructing farms is addressed by kin 
contributing to pond building and construction of water supply infrastructure (Tong 
2018; Vira  2015). The wantok system is based on reciprocity and has enabled our 
various projects to build knowledge chains with lead farmers as nodes where wantoks 
intersect. Wantok translates to ‘one language’ or applied to people who speak the 
same dialect’ but can also be used to describe people of common kinship, social or 
religious groups, or ethnic identity (de Renzio 2000). Generally, it is a network of 
relationships and behaviours, and also a key source of social capital (Reilly 2001). 
Later in this chapter, more detail is provided on how working with lead farmers and 
utilizing the wantok system has enabled fish farming knowledge transfer in PNG.
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Social capital under the wantok system enables farmers to reach agreements on 
water resource sharing, which is critical to farmers who do not own land adjacent to 
a permanent water supply. Under the wantok system, farmers have built pipelines to 
transfer water to their kin, and in keeping with the spirit of reciprocity, the benefi-
ciaries of shared water provide labour and other support to their wantoks. Farmers 
have also reported that under the wantok system, excess fish are shared, often to 
honour informal debt for assistance with pond construction and water sharing. This 
has facilitated better access to protein to wantok members who do not farm fish or 
livestock and has also fostered interest to eat and farm fish (Joe Alois, NFA, personal 
communication, Hiruy and Sammut 2019). 

20.4.2 Opportunities and Threats 

Opportunities listed in Table 20.2 are currently being explored or have recently been 
integrated into NFA’s strategic planning for inland aquaculture development. The 
growth of the industry has had a commensurate increased interest in farming as well as 
recognition, by government, of the value of fish farming to meeting the protein needs 
of people. This is reflected in the PNG Government’s various development strategies 
(e.g., amendment for the Fisheries Management Act 2015 to include aquaculture in its 
objectives). NFA’s Aquaculture and Inland Fisheries Unit is also investing more in the 
production of quality fingerlings and providing farmers with subsidized feed while 
efforts are underway to improve commercial supply of fish feed. For example, NFA 
is establishing satellite hatcheries through partnerships with provincial governments 
and farmers to overcome lack of fingerling supply that has, until recently, been 
limiting growth of the industry. Until this program was established, farmers relied on 
HAQDEC, which could not meet the demand for fingerlings, and advanced farmers, 
who are not always able to deliver fingerlings to other provinces. In partnership with 
ACIAR-funded projects, NFA is also investing more in farmer training programs 
for extension staff and farmers and transferring technical knowledge from research 
projects to formal training programs at universities, colleges, and training centres. 

In recent years, advanced pond-based farmers and local entrepreneurs have been 
responsible for the surge in cage-based farming, utilizing the water resources of arti-
ficial reservoirs. With support from NFA and SPC projects, farmers have developed 
business plans and have been provided business start-up support. The ACIAR-funded 
program of research is expanding to tackle the bottlenecks for cage-based farming, 
mainly to address fish nutrition challenges, and to determine the carrying capacity 
of reservoirs and develop better management practices to meet economic and envi-
ronmental goals. To date there are no guidelines for cage-based farming in the PNG 
context, thus the team is shifting some of the research focus towards developing 
better management practices that minimize environmental impacts and maximize 
fish production. Similarly, the project team is working with NFA to develop better 
decision-making processes so that the cage-based industry grows sustainably and 
does not cause environmental degradation, as has occurred elsewhere in the world.
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A threat to food system security lies in that many of the raw ingredients for fish 
feed are utilized for other livestock (Glatz 2012; Glatz et al. 2013). The lack of 
affordable fish feed has been temporarily addressed by NFA importing feed from 
Vietnam and subsidizing the cost for farmers. This approach is considered a short-
term intervention. Accordingly, NFA is developing strategies, in partnership with 
the NFA-UNSW ACIAR-funded projects, to facilitate local feed production and 
to reduce the cost of feed ingredients for commercial and farm-based milling of 
pellets. The program of research is entering a new phase that involves breaking 
the dependency on imported feeds and to utilize alternative, locally sourced feed 
ingredients for medium-scale, pond-based farming and cage-based production, and 
strategies to improve natural food production for small-scale farms. 

Theft of fish is prevalent in PNG and a major reported threat. Farmers often report 
that entire fish crops are stolen usually as they near harvest size. Farmers are building 
new houses closer to their ponds to monitor their crops (Vira 2015) but fencing to 
secure farms is too expensive for small-scale farmers. Jealousy can often lead to sabo-
tage, such as poisoning fish crops with plant-based toxins or chemicals. Early in the 
program, trout farms in EHP were affected by regular sabotage of stock to the point 
that some farms ceased operation. Such events are also blamed on sorcery leading 
to tribal fighting (Sister Pauline Kagl, Sisters of Notre Dame, personal communica-
tion). On one hand, tribal fighting, which is commonplace in PNG (Reilly 2008), can 
lead to destruction of farming infrastructure, prevent farmers from accessing their 
ponds and also impact technical support for farmers due to risk to extension staff. On 
the other hand, fish farming has also helped to reduce or end tribal conflicts in the 
highlands of PNG by bringing tribal fighters together to share resources and build 
ponds (Hiruy and Sammut 2019; Vira  2015). 

The genetic robustness of tilapia in PNG is also a threat, but yet to be investigated 
(Vira 2015). GIFT is the most widely farmed tilapia strain in PNG and all GIFT can 
be sourced to nine fish that were imported in 1999 by the JICA project. The extent to 
which inbreeding has affected the genetic robustness and the growth and reproductive 
performance of GIFT is unknown but nonetheless considered a threat by NFA (Vira 
2015). Interestingly, fast growing and larger GIFT are reported from the Fly River in 
Western Province, and it is postulated that tilapia farmed on the Indonesian side of 
New Guinea could have contributed to the genetic profile of fish in this system via 
escapes or translocation by fish farmers who regularly cross the border. Alternatively, 
accelerated natural selection of fast-growing GIFT may have occurred. Plans by NFA 
to introduce new GIFT broodstock from Asia are currently deferred due to the risk of 
introducing Tilapia Lake Virus (TiLV) which has devastated tilapia farming in other 
countries (Jansen et al. 2019). Nevertheless, there is risk of TiLV entering PNG from 
Indonesia (currently TiLV free), most likely via the Fly River in Western Province 
where a section of the river forms part of the border. There is currently no biosecurity 
plan to address this risk in PNG.
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Table 20.2 Summary of SWOT Analysis findings for inland fish farming based on a synthesis of 
information from Hiruy and Sammut (2019), ACIAR Project FIS/2014/062, Vira (2015) and Tong 
(2018) 

Strengths Opportunities 

Tradition of growing food 
Ability to integrate fishponds into vegetable 
gardens 
High social capital to build ponds and share 
water resources via the wantok systems 
Good soils for earthen ponds 
Some provinces have consistent rainfall 
National Fisheries Authority commitment to 
developing the industry 
History of donor interventions 
Established knowledge networks and wantok 
system as a source of social capital 

Growing demand for fish 
Utilization of reservoirs for cage-based farming 
Integration of fish farming into school and 
university programs 
Scaling up of advanced farmers to create 
demand for local feed production 
Creation of a local feed production industry to 
reduce feed costs 
Model farms in provinces to educate farmers 
Expansion of satellite hatcheries 
Farmers have developed trust through working 
with research and extension agencies 
Farmers demonstrated eagerness to learn better 
management practices 
Potential for a retail market and fish processing 
business 
Further development of knowledge networks 
using social systems and improved government 
support services 

Weaknesses Threats 

Lack of financial assets to scale up production 
systems 
Lack of business acumen in farming 
community 
Poor access to fish feed and raw ingredients 
High cost of fish feed 
Poor fish husbandry skills 
Lack of a market chain 
Lack cold storage and cold transport in 
remote areas 
Inadequate road infrastructure to transport 
inputs and farm outputs 
Lack of postharvest skills 
Remote farmers have limited access to 
technical support 
Limited supply of aquaculture inputs 
Outdates development strategies for inland 
aquaculture 
Reduced funding to NFA due the 90/10 Act 

Introduced fish diseases, particularly Tilapia 
Lake Virus 
Climate change 
Droughts and floods 
Theft of fish 
Sabotage due to rivalry and jealousy 
Competition for raw ingredients for fish feed 
Escalating feed costs 
Interruption to production and destruction of 
ponds and water supply due to tribal wars 
Genetic quality of GIFT in PNG 
Long-term reduced funding to NFA and other 
government agencies
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20.5 Generating Impact Through Fish Farming 

This section discusses how the NFA-UNSW led program has generated impact in 
PNG using examples of our sub-programs and links to NGOs and other projects. The 
focus is on the social impacts from the extension programs rather than the scientific 
impact from the core research on fish nutrition and fish husbandry. 

20.5.1 Utilizing Social Networks and Lead Farmers 
for Information Transfer 

PNG has complex social networks (Baynes et al. 2017; Nanau 2011) that can be 
utilized to share knowledge on fish farming and nutrition. In PNG, the wantok system 
can often provide social welfare support utilizing well-established relationships, and 
trust and cooperation with other wantoks (de Renzio 2000). Accordingly, commu-
nities with a high level of social capital in PNG are likely to have greater capacity 
at collectively solving problems or facing new challenges largely through trust that 
facilitates sharing of time and effort (de Renzio 2000); thus, the social capital of 
a wantok can help new fish farmers to address the labour-intensive needs of estab-
lishing new ponds, as well as facilitating the sharing of new knowledge, fingerlings, 
and resources such as water needed to start farming fish (Vira 2015; Tong 2018; 
Hiruy and Sammut 2019). 

With this understanding of wantoks, and the team and partner agency staff and 
NGOs belonging to various wantoks in the area of activity, it has been possible to 
promulgate new technologies and fish farming knowledge across PNG. Addition-
ally, knowledge on the health benefits of consuming fish is shared. Earlier projects 
identified the importance of training and mentoring lead farmers (advanced farmers). 
These farmers were and continue to be identified and trained by NFA, the ACIAR 
Project team, other donor agencies and NGOs, to establish de facto fish farming 
trainers and advocates for better farming practices and promoting fish as a healthy 
source of protein. They also provide feedback from farmers on the partnerships’ inter-
ventions, as well as helping to understand farmer needs. The selected lead farmers 
are often community leaders or have established a successful farming operation that 
has brought them status. Under the ACIAR projects, and through NFA’s training 
interventions, advanced farmers are taught all aspects of fish farming, mainly site 
selection, fish husbandry, fish feed production, pond maintenance, harvest methods, 
and business management. As these projects produce new knowledge and technolo-
gies, the outputs are transferred to lead farmers who then disseminate the outputs 
more widely via their wantoks. Mentoring of lead farmers is undertaken by the project 
team and Provincial Fisheries Officers and facilitated by NFA’s extension programs. 
Lead farmers are also trained and mentored by the project partners, for example, 
The Sisters of Notre Dame, a Catholic order of sisters who are embedded in the 
project. The Sisters of Notre Dame have combined fish farming training with their
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missionary work in remote areas thus helping the umbrella program of extension, 
managed by NFA and the ACIAR project team, to extend its reach. The Sisters also 
promote the nutritional benefits of fish to children and adults. NFA also provides 
financial support and training to Provincial Fisheries Officers in major fish farming 
provinces, and also supports various NGOs that provide livelihoods training. 

20.5.2 Formal Training 

The Sisters of Notre Dame, at the Maria Kwin Training Centre in Jiwaka, also deliver 
certificate-level fish farming training to lead and other farmers, as well as training 
women ostracized from their community due to sorcery accusations or have fled 
because of domestic violence (Fig. 20.4). The Maria Kwin Centre also formally 
trains former drug addicts, single mothers, delinquent youths, gang members and 
people, who have faced financial hardship, to create a livelihood. The Sisters also 
use fish farming in their Personal Viability Training Program, a formal program 
that aims to build self-respect and self-esteem, improve gender relations, reduce 
violence against women, and develop positive social behaviour. The NFA National 
Fisheries College in Kavieng also provides certificate-level training with selected 
farmers sponsored by NFA to attend courses at the College. Selected lead farmers 
have also been trained by SPC projects, and some sent to Asia to receive training 
in specialized areas, such as hatchery production of fingerlings. The ACIAR project 
team also coordinates formal training programs for NGOs and farmer groups. 

Through NFA, these project technologies and farming knowledge are also trans-
ferred to Provincial Fisheries Officers who provide further technical support to 
farmers. For example, trained Provincial Fisheries Officers, including staff embedded 
on the project, have established satellite hatcheries and fish farms in Morobe Province 
where they also coordinate training programs and are working with the local prison 
to establish fish ponds. However, the lack of resources and funding issues limits the 
ability of trained Provincial Fisheries Officers to undertake field activities (Hiruy 
and Sammut 2019; Tong 2018; Vira  2015); this is issue is being tackled by the 
NFA through a roadmap for strategic development of inland aquaculture in which 
increased support for Provincial Fisheries Officers is flagged as a key intervention.

20.5.3 Fish for Schools Program 

The Fish for Schools program was established by the National Fisheries Authority 
of PNG to develop an interest in fish farming as a future livelihood option in youths, 
to build fish farming skills for high school students unlikely to continue to tertiary-
level study, and to enable teachers to use fish farming to support teaching. Teachers, 
for example, use the fishponds to teach human nutrition, ecology, biology, physics, 
mathematics, economics, agriculture, and physics. Technical information is provided
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Fig. 20.4 A training day at Warala Village in Jiwaka Province. In partnership with local lead 
farmers, the Sisters of Notre Dame and the NFA team members conduct certificate level training 
enrolled at the Maria Kwin Centre as well as using locations like this to train farmer groups (© J. 
Sammut)

by the NFA staff and draws on training in fish husbandry developed under the ACIAR 
and NFA-funded projects. As farming technology from the research projects becomes 
available, it is transferred to the Fish for Schools program. Additionally, the program 
has provided access to fish in school canteens, raised awareness of the nutritional 
value of fish, and facilitated knowledge transfer to nearby communities, mainly 
through school children sharing knowledge with their parents and partly through the 
presence of the fish farms on school campuses; the fish farms have drawn interest in 
fish farming in the wider community. 

20.5.4 Fish for Prisons Program 

The Fish for Prisons program was initiated by NFA in partnership with the PNG 
Correctional Services. The primary goal of the program is to build skills in fish 
farming for prisoners to provide a livelihood option for their release. For many pris-
oners, re-entering the workforce is challenging due to the stigma associated with a 
criminal record and a lack of skills. Released prisoners lose status in their commu-
nity and are often alienated. Without an opportunity to earn income or draw on the 
support of their community, the risk of re-offending is high. From the outset, it was
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theorized by the founders of the program that skills in fish farming could break the 
cycle of crime and repeated incarceration. Furthermore, the program was designed 
to build self-esteem in prisoners, which is often already low before incarceration and 
made worse by being kept away from family and communities during their term. 
Through involvement in this NFA program, the project team has worked alongside 
prisoners through training activities and by mentoring them through all stages of fish 
production. This process has built trust between the NFA, the project team members, 
and the prisoners, facilitated information exchange, and built a rapport with pris-
oners that has been critical to improving their feelings of self-worth and restoring 
their dignity. Most released prisoners have also maintained communication with the 
project team, seeking technical advice and mentorship. The prisoners construct the 
ponds, manage the water supply, stock, feed fish, monitor the health of the stock, 
and conduct day-to-day pond maintenance such as clearing weeds, repairing pond 
walls and canals, and evaluating the condition of the fish. The prisoners also harvest 
their fish for the prison kitchen thus providing access to much needed protein. The 
themes of hope and restoring dignity are regularly communicated by the prisoners 
to the project team. 

Gaius (surname withheld), serving a 28-year term, speaks of how fish farming 
has given him hope and will one day enable him to become ‘somebody’: 

When I came to prison I thought I have no choice or I have no hope. I think I will just stay 
here in prison, and when I release (sic), I go back. I have no choice (future choices), because 
I am in prison and everything is gone, and I will just go and stay a poor person. I am happy 
that when I finish, when I release (sic) from prison, and I go back to my home, I’ll do that 
job (fish farming). I’ll try and look after fish because my area has many good rivers, many 
good creeks from the mountain to valley, so I can dig some fish ponds and look after fish, so I 
get some knowledge (from the training program), and then go back to my home, I’ll become 
somebody. 

In other interviews, Gaius and his peers mention aspirations to seek formal qualifi-
cations in fish farming from the NFA National Fisheries College in Kavieng or at the 
Maria Kwin Centre in Jiwaka Province. Other prisoners have shared similar stories 
of hope and wanting to be ‘somebody’ again, despite their long prison terms. Each 
prisoner’s narrative describes fish farming and the associated training as a means of 
addressing idleness, improving their mental health, and setting goals for the future. 
“We have proven that we can grow fish. Fish is food now and tomorrow, and fish will 
become kina (local currency) when I am released. People see me again and now I 
am a good man again,” (unnamed prisoner, Bihute Prison). Most significant is the 
reference to fish farming restoring dignity and having a skill to be proud of, often 
conveyed to our team with emotion. The change in the temperament of the prisoners 
is also voiced by the prison staff who consider the program to have reduced disruptive 
behaviour within the prison. 

Prison Officers, who have worked alongside our team and the prisoners, have also 
built skills in fish farming and some have incorporated fish farming into their retire-
ment planning. Under our previous project we also conducted similar training with 
retiring military staff to provide a livelihood post-government service. Currently, 
the Fish for Prisons program has involved men’s prisons, but plans for extending
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the program to women’s prisons are under consideration by NFA and the PNG 
Correctional Services. 

The project team has also mentored and monitored prisoners following their 
release from prison, including some who were released over a decade ago and 
who have now fully regained status in the community and become lead farmers. 
To the best of the project team’s knowledge, and based on the records of partici-
pating prisons, former inmates who were trained under the program have not re-
offended. Fish farming has provided an opportunity to demonstrate to their commu-
nities their capacity to apply themselves to a livelihood rather than to be seen as 
a probable re-offender. Over time, the success of fish farming draws interest from 
others, and sharing of knowledge and excess fingerlings have helped to restore dignity 
in ex-prisoners and elevate their status. 

Moxy (surname withheld), is a long-term participant of the program. Trained 
by NFA at Bihute Prison during his prison term and released over a decade ago, 
Moxy is known locally as “Daddy Fish”, which is not just a light-hearted nickname, 
but a name that reinforces his status as a lead farmer in his district. Moxy is both 
amused and proud of this nickname, with the pride clearly of more importance as he 
communicates to his mentors from our team of the significant positive impact of fish 
farming. Following his release from prison, Moxy built his own ponds in the shadow 
of scepticism from his community but with supervision from NFA staff based in 
nearby Goroka. At the time he was still seen as a criminal outside of his family and 
close friends thus having limited access to the community’s social capital, principally 
labour to dig ponds and financial support. He was successful at establishing ponds and 
producing reliable crops, and this drew attention from other fish farmers and people 
interested in building fishponds. Within several years of establishing his own farm, 
Moxy’s ponds became an unofficial demonstration site, and he became an advocate 
for fish farming, and a lead farmer and trainer under our program. His status was 
renewed, and in his opinion, it was higher than before his incarceration. His fish farm 
business, which also involves his wife and adult children, provides sufficient income 
to maintain the household, and to access better medical services and education for 
his school-age children. Moxy describes how his fish farm has enabled him to live 
an honest life: 

Sometimes, when I feel could do wrong again, I come down to my fish farm and I look at 
what I have achieved. It brings me peace. It stops me from doing wrong. Working with fish 
calms me down and I feel proud of what I have created. 

This feeling is sentimentally repeated to the project team by Moxy during site visits, 
and similar remarks are heard from former raskol gang members. Moxy’s community 
peers also mention the transformation in Moxy since his release from prison and 
speak of the inspiration gained from seeing his success. Since his release from prison, 
Moxy has worked alongside the ACIAR project team at farmer field days and other 
events where the project team conduct extension support to farmers. His role as 
a communicator of knowledge and a champion for fish farming has led to more 
farmers adopting technologies and practices developed by the NFA and ACIAR-
funded projects.
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20.5.5 Working with Raskol Gangs and Tribal Fighters 

Raskol is a PNG term for gang members who are known for violent crimes. Raskol 
gangs are usually active in impoverished areas, particularly in remote areas where 
police resources are limited. Raskol gangs are also active in and around the settle-
ments in major urban areas such as Port Moresby and Lae. The NFA and ACIAR-
funded projects include project partners that operate in areas where raskol gang 
activity is prevalent. Raskol gangs have participated in fish farming training deliv-
ered by the project team to farmers in the highlands, and also via the Sisters of Notre 
Dame who have outreach programs in remote areas. As a result of skill building, and 
the positive social interaction between the extension staff and gang members, Raskol 
gang members have developed a better appreciation of their worth to their commu-
nity and society. The responsibility and rewards from fish farming have increased 
self-esteem and enabled former gang members to set goals and develop strategies to 
develop their farms. 

Fish farming gives them purpose and helps them to redeem themselves and to atone, and 
this enables acceptance by the community. They don’t want to be seen as gang members 
once they realize what they can achieve through fish farming. It is their ticket back to society. 
(Sister Pauline Kagl, Sisters of Notre Dame) 

Of note is the impact of fish farming training on crime reduction along the Highlands 
Highway, the only roadway that links the Highlands to the coast. In areas where 
fish farming has been adopted, villagers have reported a decline in crime committed 
by raskols, as well as reduced youth delinquency (Sister Pauline Kagl, Sisters of 
Notre Dame, personal communication). The ‘Barola Hotspot’, a short stretch of the 
highlands highway near the major township of Kainantu in EHP, was well known 
for carjacking, rapes, roadside robberies, and other violent crimes against travellers. 
Through fish farming training conducted by the project team, raskol gang members 
abandoned their criminal activities at this location. Their participation was unin-
vited, but they were drawn in by curiosity and accepted into the training program. 
Within a year of training, the participants had cleared marijuana crops to construct 
ponds, contributed to the construction of ponds for the community, and also helped 
to establish a fish farming training centre in partnership with the local community 
and government. Joe Alois, staff of NFA and a trainer under our program noted: 

At the launch of the aquaculture training centre at Barola, the former raskol gang burnt 
drugs and weapons to demonstrate a commitment to a new life. Since the training, the 
Barola Hotspot has been free of violent crimes. We mentor the former raskols, who we now 
treat as fish farmers and ensure they have the technical support to keep succeeding. 

Similar reduction of crime along the Highlands Highway has been attributed to the 
training provided by the project partner, the Sisters of Notre Dame, and also by lead 
farmers trained under NFA and our extension program (Hiruy and Sammut, 2019). 
Interviewees reported that fish farmers depend on social networks and that raskols 
must work harder to be accepted back into a wantok; initially, this is a challenge 
for raskols, but their contribution to pond construction helps to foster acceptance
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by the community (Sister Pauline Kagl, Sisters of Notre Dame, personal communi-
cation 2018). The responsibility and comradery needed to develop farms and share 
resources, reduces the idleness that underpins anti-social behaviour. Nevertheless, 
social problems such as jealousy and subsequent sabotage of farms, as well as theft 
of stock, remain a problem (Vira 2015) and are difficult to address. 

20.6 Conclusion 

Fish farming has had demonstrable positive social impacts in PNG. Although this 
research program has focussed on clearing technical bottlenecks for fish production 
to improve access to protein, the unexpected social impacts of working with lead 
farmers and farming communities have demonstrated the wider benefits of aqua-
culture in PNG. Investment in training and mentoring lead farmers, partnerships 
with NGOs, and utilizing wantoks as knowledge networks has not only enabled the 
spread of fish farming knowledge—it has led to broader access to protein, particu-
larly in remote rural areas, and improved food security. The accelerated growth of 
fish farming and its social, health, and economic benefits, has revitalized govern-
ment support for the industry as demonstrated by recent amendments to the PNG 
Fisheries Management Act (2015) to include aquaculture objectives. This collabo-
rative program is expanding to develop new strategies for aquaculture in PNG based 
on the technological outputs and the now well-established knowledge networks and 
partnerships with stakeholders. The NFA Aquaculture and Inland Fisheries Unit, the 
major local partner, is now well positioned to develop strategies to help transition 
small-scale farmers to higher intensity practices, and to facilitate access to affordable 
protein in urban areas via fish supply from cage-based farmers. The described recent 
research breakthroughs on fish nutrition and the production of quality fingerlings, 
and NFA’s success in establishing satellite hatcheries, have cleared significant bottle-
necks. The greatest challenge is to resolve issues with the supply of cost-effective 
formulated feed to support the emerging cage-based farming industry and the tran-
sition to higher intensity pond-based farming. If aquaculture production levels can 
reach those of nearby Asian countries, many of the health issues associated with low 
protein in diets can be alleviated. 
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