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Abstract
Tropical forests are rapidly disappearing due to the expansion of cash crops to meet demands from distant markets. Press-
ing concerns on deforestation impacts resulting from the global trade of tropical commodities have led some high-income 
countries’ governments to consider diverse regulatory and trade levers to tackle the problem. These include proposals for 
new supply chain due diligence legislation concerning imports of forest-risk products and the inclusion of environmental 
measures in trade deals. To contribute to this debate, we conducted a comprehensive analysis of existing data on global trade 
and consumption patterns of tropical commodities, attribution of commodity production to deforestation, trade agreements, 
and progress in the implementation of crop sustainability standards. We used global data on key tropical commodities of 
oil palm, cocoa, and coffee. Our study shows that high-income countries have the highest per capita consumption for the 
three commodities evaluated and that consumption rates have dramatically increased in the last two decades. We discuss a 
range of measures that can potentially be required to tackle deforestation in global supply chains, which are currently being 
considered by policymakers, before discussing the kinds of post-growth, convivial approaches that are often excluded by 
the framing. Given the inherent expansionary nature of global market dynamics, we show that market-based initiatives are 
inadequate to tackle continuing deforestation and socio-ecological degradation. More transformative solutions amplify 
commoning and post-growth approaches are required to lead to some uncoupling of trade and territorialising of economic 
activity to fit within planetary boundaries and allow for plural values.
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Introduction

Tropical forests presently cover about 1.84 billion hectares 
and account for 45% of the tropical region (FAO 2020). 
These forests cover more land area than forests in other 
biomes (i.e. 11, 16, and 27% in subtropical, temperate, and 
boreal regions) (FAO 2020) and store the highest carbon 
density (Pan et al. 2013; Harris et al. 2021). They are vital 

in capturing carbon and serve as a natural buffer to climate 
change (Brinck et al. 2017; Mitchard 2018). They harbour 
high biological diversity and various endemic species and 
are important in maintaining ecosystem functions and ser-
vices essential to support local livelihoods, food security, 
and human well-being in developing countries (Davis et al. 
2020; Pillay et al. 2022). However, tropical forests have been 
subjected to rapid deforestation and forest degradation and 
escalated carbon emissions from land-use change in recent 
decades (Taubert et al. 2018; Brando et al. 2019; Hansen 
et al. 2020). About 60% of total forest losses were associated 
with the expansion of cropland, pasture, and industrial tree 
plantations (Pendrill et al. 2019). This expansion is driven 
by increased demand for tropical commodities such as oil 
palm, soybeans, cocoa, coffee, beef, and rubber from con-
sumers in the international market (Hoang and Kanemoto 
2021; Sun et al. 2022) and growing affluent populations in 
the commodities’ producing countries (Munroe et al. 2019; 
Xiong et al. 2021).
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High-income countries (HICs), including members of 
the Organisation for Economic Cooperation and Develop-
ment (OECD), are recognised as among the leading inter-
national consumers of tropical deforestation embodied in 
trade (Pendrill et al. 2019). Between 2015 and 2017, the 
OECD HICs' imports of key forest-risk commodities were 
associated with an estimated total deforestation risk of 
358,235 ha per year (equivalent to 3.08 ha per 10,000 peo-
ple per year) (Pendrill et al. 2022). This is primarily due 
to limited production, overall high consumption rates per 
capita, and the presence of large food and feed industries 
in these countries (Bager and Lambin 2020; Fuchs et al. 
2020). Besides OECD countries, Asian emerging econo-
mies such as China and India are also among the lead-
ing consumers of forest-risk commodities over the same 
period, although their trade-associated deforestation risk 
is significantly lower compared to the OECD HICs (i.e. 
166,850 and 46,302 ha per year, or equivalent to 1.15 and 
0.33 ha per 10,000 people per year) (Pendrill et al. 2022). 
Estimation of the extent of deforestation associated with 
crop production has so far been carried out using rudi-
mentary data on the country or sub-national-level crop 
production and forest cover change, raising uncertainties 
in their accuracy (Pendrill et al. 2019, 2022). Given the 
recent availability of spatiotemporally explicit data on the 
change in crop distribution in major producing countries, 
such as oil palm (Xu et al. 2020; Descals et al. 2021), 
soybeans (Song et al. 2021), and cocoa (Abu et al. 2021), 
there is room to evaluate more accurately the actual extent 
of deforestation attributed to the production of tropical 
crops.

Environmental provision has generally been lacking in 
trade policies (Brandi et al. 2020; Abman et al. 2021). 
The relationship between the environment and trade, and 
the legal and economic implications, have been much 
debated over the last thirty years, especially since the 
creation of the World Trade Organization (WTO) in 1995 
(Brack 2013; Bigdeli 2014). The relatively small number 
of WTO disputes involving policies aimed overtly at pro-
tecting the environment have been scrutinised extensively 
without generating consensus on any way forward (Brack 
2013; WTO 2022a). However, pressing concerns on defor-
estation risk embodied in tropical commodity imports, 
perpetuated by problems of global inequality (Sun et al. 
2022), have recently led some HIC governments, including 
the EU and UK, to propose new legislation that mandates 
companies and businesses involved in forest-risk com-
modity imports to comply with the supply chain due dili-
gence and reporting requirements (Environment Act 2021; 
European Commission 2021). These proposals marked the 
beginning of a formal legislative process aimed at reduc-
ing deforestation associated with trade (Brandi et al. 2020; 
Abman et al. 2021), although many details are yet to be 

addressed in the secondary regulations before they come 
into force by 2024.

One of the challenges in formulating secondary regula-
tions in deforestation-free trade legislation is to devise an 
appropriate due diligence mechanism for each regulated crop 
without breaching the countries’ commitment under existing 
international trade agreements. Sustainability standards are 
one of the relevant mechanisms that have long been dis-
cussed within the WTO. Sustainability standards seek to 
ensure that commodities are cultivated, sourced, and pro-
cessed through a predefined set of sustainability threshold 
indicators, covering environmental and social dimensions. 
Private standards are not generally used in national-wide 
trade policy, i.e. in determining a country’s levels of import 
or export duty, or regulatory requirements governing imports 
and exports. However, they have recently been used by the 
Switzerland authorities to verify compliance with the sus-
tainability criteria included in the EFTA–Indonesia CEPA 
(European Free Trade Association–Indonesia Comprehen-
sive Economic Partnership Agreement), thereby rendering 
compliant products eligible for reductions in import duty 
(Larrea et al. 2021; Limenta 2022).

Here, we assess the potential route toward a more envi-
ronmentally responsible trade of tropical crops drawing from 
existing data on global trade and consumption patterns of 
tropical commodities, attribution of commodity production 
to deforestation, incorporation of environmental elements 
in trade agreements, and progress in the implementation of 
crop sustainability standards. More specifically, we seek 
to answer four related research questions: (1) What is the 
current global trade of tropical commodities, and what are 
the commodity consumption patterns across countries with 
different development statuses? (2) How is the production 
of tropical crops associated with deforestation and how 
does the estimation of crop-induced deforestation vary by 
approach? (3) How have environmental clauses been incor-
porated into trade agreements and how robust are they in 
reflecting environmental goals? (4) What is the evidence 
of sustainability standards’ effectiveness and impact? By 
addressing these questions and carrying out a comprehensive 
analysis of relevant data, we discuss potential leverage points 
pertaining to global trade which can potentially be enhanced 
to reduce environmental damage to the biodiverse tropical 
landscape and what additional measures or more transforma-
tive approaches might be required to achieve environmental 
goals with respect to tackling deforestation in supply chains.

Materials and methods

We analysed data on three key forest-risk commodities: 
oil palm, cocoa, and coffee. These commodities were cho-
sen to represent various geographical foci (with differing 
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socio-environmental conditions) and crop production models 
(large-scale plantations and small- and medium-scale farms). 
Oil palm is produced largely in tropical Asia (Indonesia and 
Malaysia) (Descals et al. 2021), cocoa in tropical Africa 
(Côte d'Ivoire and Ghana) (Abu et al. 2021), and coffee 
in tropical Latin America (Brazil and Colombia) (Ovalle-
Rivera et al. 2015). Large-scale plantations are recognised as 
the primary actors in oil palm production and supply chain 
(Descals et al. 2021), whereas small- and medium-scale 
farms are prevalent in the cocoa and coffee sectors (Somar-
riba and López Sampson 2018; World Cocoa Foundation 
2019). In the following subsections, we outline the approach 
and data used for analysing each of the four-pronged ques-
tions that we intend to address. Detailed methodologies are 
provided in the Supplementary Methods.

Global trade and consumption patterns of tropical 
crops

We used the UN Comtrade database (UN Statistics Division 
2022) to estimate the annual quantity of imports and exports 
of oil palm, cocoa, and coffee for the period of 2011–2015 
and 2016–2020. We focused on raw products, i.e. commodi-
ties in their raw form that undergo minimal processing. To 
give an estimate of the net demand for the production of a 
specific crop, the equivalent weight is used rather than the 
actual weight of the imported commodities recorded in the 
UN Comtrade database (see Table S1). For each crop, each 
country involved in the trade was classified based on their 
primary role as: (i) exporting country; (ii) trading country; 
and (iii) importing country. An exporting country is defined 
as a country whereby the quantities of commodity being 
exported far exceeds imports. A trading country is defined 
as a country whereby the quantities of commodities being 
exported account for more than 30% of the quantities being 
imported into the country; therefore, a large proportion 
of the commodity undergoes limited processing and then 
is exported elsewhere (Jones et al. 2020; Verschuur et al. 
2022) An importing country is defined as a country where 
the quantities of imports far exceed exports. We evaluated 
patterns of consumption or utilisation of commodities across 
countries with differing economic statuses, i.e. high-income 
(HICs), upper-middle-income (UMICs), and low- and lower-
middle-income countries (LMICs). Consumption rates per 
capita were estimated as the cumulative quantity of raw 
commodities imported and the quantity produced in that 
country subtracted by the quantity exported, divided by the 
country’s population.

Deforestation risk attributed to crop production

Deforestation risks attributed to crop production were esti-
mated using three approaches: (A) forest cover change datasets 

in combination with data on the spatiotemporally explicit crop 
expansion data; (B) the latest spatial data on crop distribu-
tion; and (C) existing crude deforestation risks estimated from 
the sub-national data (Pendrill et al. 2022). The spatiotempo-
rally explicit crop expansion data is considered to provide the 
most accurate direct attribution of the crop to deforestation, 
i.e. identification of forest clearance that was immediately 
replaced by the crop (Song et al. 2021). The latest spatial data 
on crop distribution provides an indirect attribution of the crop 
to deforestation, i.e. identification of forest clearance that even-
tually led to crop cultivation; such data is therefore considered 
more accurate than the crude estimates.

For oil palm, we evaluated the deforestation risk in Indo-
nesia and Malaysia. For cocoa, we focused on Côte d’Ivoire 
and Ghana, and for coffee on Brazil, Colombia, and Viet-
nam. Data types A, B, and C are available for oil palm; 
therefore, we used these three data types to generate and 
compare the embodied deforestation risk estimates. Data 
type A was unavailable for cocoa, so only data types B and 
C were used. For coffee, only data type C was available and 
therefore used in the analysis. We focused on the expan-
sion of crops and deforestation occurring between 2011 and 
2019, which reflects the period in which our different data-
sets overlap.

Trade agreements and the environmental 
sustainability elements

We collected data on trade agreements from the WTO RTA 
database (WTO 2022b) and focused on bilateral and multi-
lateral (regional) trade agreements made between 1980 and 
2022. For each trade agreement, we collected information 
on the RTA name, signatory countries, date of notification, 
date of entry into force, specific section(s) referencing the 
environment, environmental criteria relating to the traded 
products, and provision to withdraw trade preferences if the 
criteria are not met. The level of environmental commit-
ments for each trade agreement was then assessed using an 
evaluative scale classified as very weak, weak, medium, and 
strong. These scales were generated based on four key crite-
ria: (1) description of commitments to sustainable develop-
ment and/or environmental protection; (2) specific chapter 
dedicated to the environment, forest-based products, and/or 
biodiversity; (3) review of the environmental impact of the 
trade agreement; and (4) measures and support to address 
environmental issues. The charactersation of each criterion 
into different scales is summarised in Table 1.

Sustainability certification schemes’ 
implementation and evidence of impact

For each commodity, we carried out a systematic review of 
past empirical studies evaluating the impact of sustainability 
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certification schemes. Impact evidence was evaluated on five 
dimensions: (i) deforestation, biodiversity, or wildlife; (ii) 
greenhouse gas (GHG) emissions or fire; (iii) management 
of water, soil, or waste; (iv) poverty, income, or food secu-
rity; and (v) human rights, tenure security, and conflicts. For 
each study, we collected information on:

• the approach used to derive evidence, including: (i) 
case report or case–control study (either before–after or 
with–without), whether or not there was consideration of 
confounding factors, and (ii) rigorous quasi-experimental 
method, i.e. comparing treated and control before and 
after certification, and accounting for baseline condi-
tions at the pre-treatment stage (Ferraro 2009; Sills et al. 
2017);

• whether or not the study considers the spatial spillover 
effects of certification schemes to the broader landscapes 
(within and surrounding certified farms) (Heilmayr et al. 
2020; Schleicher et al. 2020);

• the type of producer evaluated, including large-scale 
plantations, scheme smallholders (normally tied to plan-
tations), or independent smallholders; and

• indicators of sustainability evaluated on the five above-
mentioned dimensions and summary of their impact: 
positive, neutral (no impact), or negative.

Results

What is the current global trade of tropical 
commodities and what are the commodity 
consumption patterns across countries 
with different development statuses?

Oil palm

Between 2016 and 2020, the largest exporting countries of 
raw oil palm were Indonesia, Malaysia, Colombia, and Gua-
temala (Fig. 1a). Indonesia and Malaysia exported 32.8 and 
17.4 Mt per year, and Colombia and Guatemala exported 
0.65 and 0.82 Mt per year, respectively. These countries are 
also the major producers of oil palm globally. The Neth-
erlands was the major trading country importing 4.2 Mt 
per year of oil palm and 41.4% of these imports were then 
exported or distributed elsewhere. Middle-income Asian 
countries of India, China, and Pakistan, and high-income 
OECD countries of Germany, Spain, Italy, USA, and New 
Zealand were the largest importers of the commodity. Simi-
lar patterns of countries were obtained from 2011 to 2015 
(Fig. S1a).

The consumption rates per capita of oil palm in each 
country (accounting for the country’s import, export, 
and crop production quantities), based on the 2016–2020 Ta

bl
e 

1 
 (c

on
tin

ue
d)

RT
A

 
C

at
eg

or
y 

(a
nd

 n
um

-
be

r i
ss

ue
d 

to
 d

at
e)

B
ro

ad
 c

ha
ra

ct
er

ist
ic

s o
f t

he
 e

nv
iro

nm
en

ta
l c

la
us

es

D
es

cr
ip

tio
n 

of
 c

om
m

itm
en

ts
 to

 su
st

ai
n-

ab
le

 d
ev

el
op

m
en

t a
nd

/o
r e

nv
iro

nm
en

ta
l 

pr
ot

ec
tio

n

Sp
ec

ifi
c 

ch
ap

te
r d

ed
ic

at
ed

 to
 th

e 
en

vi
-

ro
nm

en
t, 

fo
re

st-
ba

se
d 

pr
od

uc
ts

 a
nd

/o
r 

bi
od

iv
er

si
ty

Re
vi

ew
 o

f t
he

 e
nv

iro
nm

en
ta

l i
m

pa
ct

 o
f 

th
e 

tra
de

 a
gr

ee
m

en
t

M
ea

su
re

s a
nd

 su
pp

or
t t

o 
ad

dr
es

s e
nv

iro
n-

m
en

ta
l i

ss
ue

s

St
ro

ng
 (2

 R
TA

s)
Ye

s
Th

es
e 

ag
re

em
en

ts
 c

on
ta

in
 d

et
ai

le
d 

co
m

-
m

itm
en

ts
 to

 su
st

ai
na

bl
e 

de
ve

lo
pm

en
t 

an
d/

or
 e

nv
iro

nm
en

ta
l p

ro
te

ct
io

n,
 a

s 
we

ll 
as

 a
gr

ee
in

g 
no

t t
o 

re
la

x 
en

vi
ro

n-
m

en
ta

l p
ro

te
ct

io
n 

to
 a

ttr
ac

t i
nv

es
tm

en
t 

or
 tr

ad
e

Ye
s

Th
es

e 
ag

re
em

en
ts

 c
on

ta
in

 sp
ec

ifi
c 

ch
ap

-
te

rs
 o

n 
th

e 
en

vi
ro

nm
en

t a
nd

/o
r t

ra
de

 
an

d 
su

st
ai

na
bl

e 
de

ve
lo

pm
en

t, 
an

d 
m

ul
tip

le
 se

ct
io

ns
 w

ith
 a

n 
en

vi
ro

nm
en

-
ta

l f
oc

us

Ye
s

Th
es

e 
ag

re
em

en
ts

 in
cl

ud
e 

bo
th

 a
 

go
ve

rn
m

en
t a

nd
 c

iv
il 

so
ci

et
y 

re
vi

ew
 

m
ec

ha
ni

sm
 o

f t
ra

de
 im

pa
ct

 c
on

ce
rn

-
in

g 
en

vi
ro

nm
en

ta
l, 

la
bo

ur
, a

nd
 h

um
an

 
ri

gh
ts

 is
su

es
. T

he
se

 a
gr

ee
m

en
ts

 
co

nt
ai

n 
a 

cl
au

se
 o

n 
bi

od
iv

er
si

ty
, r

ec
-

og
ni

si
ng

 th
e 

im
po

rt
an

ce
 o

f r
es

pe
ct

in
g 

an
d 

pr
es

er
vi

ng
 tr

ad
iti

on
al

 k
no

wl
-

ed
ge

 a
nd

 th
e 

pr
ac

tic
es

 o
f i

nd
ig

en
ou

s 
co

m
m

un
iti

es
, a

nd
 p

ro
m

ot
in

g 
pu

bl
ic

 
pa

rt
ic

ip
at

io
n 

on
 m

at
te

rs
 c

on
ce

rn
in

g 
bi

od
iv

er
si

ty

Ye
s

Th
es

e 
ag

re
em

en
ts

 c
on

ta
in

 a
 c

om
m

itm
en

t 
no

t t
o 

fa
il 

to
 e

nf
or

ce
 e

nv
iro

nm
en

ta
l 

la
ws

 in
 w

ay
s t

ha
t a

ffe
ct

 tr
ad

e 
or

 in
ve

st
-

m
en

t b
et

we
en

 th
e 

pa
rt

ie
s. 

Th
ey

 c
on

ta
in

 
pr

oc
ed

ur
es

 fo
r e

ac
h 

pa
rt

y 
to

 re
qu

es
t 

co
ns

ul
ta

tio
ns

 w
ith

 th
e 

ot
he

r r
eg

ar
di

ng
 

an
y 

m
at

te
r a

ri
si

ng
 u

nd
er

 th
e 

en
vi

ro
n-

m
en

t c
ha

pt
er

. T
he

y 
en

su
re

 tr
an

sp
ar

en
cy

 
of

 d
om

es
tic

 p
ol

ic
ie

s a
nd

 m
ea

su
re

s p
er

-
ta

in
in

g 
to

 th
e 

tra
de

d 
pr

od
uc

ts
 T

he
re

 a
re

 
co

op
er

at
iv

e 
m

ea
su

re
s t

o 
im

pr
ov

e 
an

d 
st

re
ng

th
en

 g
ov

er
nm

en
t s

us
ta

in
ab

ili
ty

 
st

an
da

rd
s a

nd
 p

ol
ic

ie
s w

he
re

 a
pp

lic
ab

le



290 Sustainability Science (2024) 19:285–305

1 3



291Sustainability Science (2024) 19:285–305 

1 3

datasets, systematically vary by the country’s economic sta-
tus (Fig. 2a). HICs were the largest consumers of oil palm, 
with the median annual consumption rate of 4.44 kg per 
person. Comparatively, the median annual consumption of 
UMICs and LMICs was 3.54 and 2.96 kg per person, respec-
tively. Consumption rates of New Zealand, the Netherlands, 
and Malaysia far exceeded those of other countries within 
the same economic status (Fig. 2a). New Zealand was esti-
mated to consume 389 kg of oil palm per person per year, 
and the country’s oil palm use had increased 126 times over 
the last two decades (Fig. S2a). New Zealand’s oil palm 
consumption is primarily in the form of palm kernel meals 
to support the dairy and meat industries, which have grown 
rapidly in the last two decades (Stringer et al. 2016) and 
now account for 20% of the country’s economy (Ballingall 
and Pambudi 2017). The Netherlands and Malaysia annually 
consume 141 and 158 kg of oil palm per person, on average, 
and consumption rates increased 3.6 and 1.7 times since the 
period of 1996–2000.

Cocoa

The largest exporting countries of cocoa between 2016 and 
2020 were Côte d’Ivoire, Ghana, Indonesia, and Ecuador 
(Figs. 1b and S1b). Côte d'Ivoire exported nearly 2 Mt per 
year, whereas Ghana, Indonesia, and Ecuador exported 1.31, 
0.97, and 0.33 Mt per year, respectively. EU countries of 
the Netherlands, Germany, France, and Spain, and South-
east Asian countries of Malaysia and Singapore were the 
major trading countries during this period. The Netherlands’ 
imports of cocoa were 1.57 Mt per year and 47.5% of these 
imports were exported elsewhere. Germany’s imports of 
cocoa were 1.33 Mt per year and 56.1% of these imports 
were exported elsewhere. High-income OECD countries of 
the USA, Belgium, UK, Italy, Canada, and Poland, and the 
middle-income country of Russia were the largest importers 
of the commodity. We obtained similar patterns from 2011 
to 2015 (Fig. S1b).

The consumption rates per capita of cocoa in each coun-
try, based on the 2016–2020 data, markedly vary by the 
country’s economic status (Fig. 2b). HICs were the largest 
consumers of cocoa, with a median annual consumption rate 
of 1.06 kg per person. Comparatively, the median annual 
consumption of UMICs and LMICs were 0.23 and 0.02 kg 

per person, respectively. Cocoa consumption of high-
income European countries of Belgium, the Netherlands, 
Switzerland, and Iceland far surpassed that of other coun-
tries (Fig. 2a). Belgium was estimated to consume 64 kg of 
cocoa per person annually, on average, and the country’s 
cocoa consumption had increased 5.3 times since the period 
of 1996–2000 (Fig. S21b). The Netherlands and Switzer-
land annually consume 48 and 24 kg per person, and cocoa 
consumption increased by a factor of 27 and 3.9 since the 
1996–2000 period. Belgium and Switzerland are well known 
for their major chocolate production, and the Netherlands is 
the largest trade hub of cocoa beans in Europe (Alberts and 
Cidell 2006; Garrone et al. 2016).

Coffee

Between 2016 and 2020, the largest exporting countries 
of coffee were Brazil, Vietnam, Colombia, Indonesia, and 
Honduras (Figs. 1c and S1c). Brazil and Vietnam exported 
nearly 1.86 and 1.47 Mt per year, whereas Colombia, Indo-
nesia, and Honduras exported 0.71, 0.36, and 0.34 Mt per 
year, respectively. Belgium was the largest trading coun-
try during this period, importing 0.3 Mt per year of coffee, 
and 62.9% of these imports were then exported elsewhere. 
High-income OECD countries of the USA, France, Ger-
many, Italy, Canada, the UK, the Netherlands, Spain, Japan, 
and Austria were the largest importers of the commodity. 
Similar patterns were observed for the 2011–2015 period 
(Fig. S1c). Unlike oil palm and cocoa commodities whereby 
some countries play an important role as intermediaries or 
re-export hubs, coffee tends to be sourced directly from the 
producing countries (Figs. 1 and S1).

Data from the 2016–2020 period show that HICs were the 
largest coffee consumers, with median consumption rates of 
6.69 kg per person per year (Fig. 2c). The median consump-
tion of UMICs and LMICs was significantly lower (0.97 
and 0.01 kg per person per year, respectively). Coffee per 
capita consumption of high-income European countries of 
Luxembourg, Andorra, Iceland, Austria, Finland, Estonia, 
Norway, and France, and tropical tourist destination coun-
tries of Bermuda, Aruba, and Palau were far above that of 
other countries (Fig. 2c). Luxembourg and Andorra were 
estimated to annually consume 93 and 78 kg of coffee per 
person, on average, and the consumption rates had increased 
77.5 and 3.8 times since the period of 1996–2000 (Fig. S2c). 
Iceland and Austria annually consume 47 and 35 kg of cof-
fee per person, and consumption rates increased 2.5 and 5.9 
times over the last two decades. Tropical tourist countries 
of Bermuda and Palau annually consume 37 and 29 kg of 
coffee per person, and the consumption rates have increased 
tremendously by a factor of 184 and 294 in the last two 
decades.

Fig. 1  Global trade flow in raw oil palm (a), cocoa (b), and coffee 
(c) between 2016 and 2020. Raw is defined as a commodity in its 
raw form or with minimal processing, and thus it mostly contains the 
commodity. An exporting country is a country whereby exports of the 
commodity substantially exceed imports; an importing country is a 
country whereby imports substantially exceed exports; and a trading 
country is a country whereby exports of the commodity account for 
more than 35% of the imports (i.e. a large proportion of the commod-
ity is transiting through the country and distributed elsewhere)

◂
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Fig. 2  Country ranking in the per capita consumption of raw a oil 
palm (for food and non-food use), b cocoa, c and coffee between 
2016 and 2020, by country economic status (i.e. HICs, UMICs, and 
LMICs). Per capita consumption in each country was estimated as the 

cumulative total quantity imported and total quantity produced in that 
country per year subtracted by the total quantity exported, divided by 
the country’s population number



293Sustainability Science (2024) 19:285–305 

1 3

How is the production of tropical crops associated 
with deforestation, and how does the estimation 
of crop‑induced deforestation vary by approach?

For oil palm, deforestation risk attributed to the crop was 
estimated based on three approaches with decreasing order 
of accuracy: (i) direct attribution of the crop to deforesta-
tion (based on spatiotemporal distribution of the crop), (ii) 
indirect attribution of the crop to deforestation (based on 

current spatial distribution of the crop), and (iii) crude defor-
estation estimates (based on country-level crop data; Pendrill 
et al. 2022). For Indonesia, the deforestation risk estimate 
based on the direct attribution approach (330,102 ha per 
year) was higher than those based on the indirect attribution 
(164,470 ha per year), but lower than those based on the 
crude estimate (424,757 ha per year) (Fig. 3a). For Malaysia, 
the deforestation risk estimate based on the direct attribution 
approach (157,117 ha per year) was higher than that based 

Fig. 3  a–c Deforestation risk associated with the cultivation of oil 
palm, cocoa, and coffee, and d–f percent forest loss attributed to these 
commodities between 2011 and 2019 accounting for the extent of for-
est in 2011. Deforestation risk or percent forest loss is broken down 
by the approach used to derive the estimates with decreasing order 

of accuracy: (i) direct attribution, (ii) indirect attribution, and (iii) 
crude estimation approach. Major producing countries included in the 
assessment are Indonesia (IDN) and Malaysia (MYS) for oil palm; 
Côte d’Ivoire (CIV) and Ghana (GHA) for cocoa; and Brazil (BRA), 
Colombia (COL), and Vietnam (VNM) for coffee
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on the indirect attribution (79,190 ha per year) and the crude 
estimate (46,015 ha per year) (Fig. 3a). For cocoa, spati-
otemporal explicit data were not available for the crop, and 
deforestation risks were estimated based on indirect attribu-
tion and crude approaches. Similar to Malaysian oil palm, 
deforestation risks based on the indirect attribution approach 
for cocoa were higher than those based on the crude esti-
mates (Fig. 3b). The deforestation risk associated with the 
development of cocoa in Cote d'Ivoire was 37,250 ha per 
year based on the indirect attribution approach, whereas the 
crude approach estimated deforestation of 14,541 ha per 
year. For Ghana, the indirect attribution approach estimated 
a deforestation risk of 18,837 ha per year, whereas the crude 
approach estimated zero deforestation. For coffee, a detailed 
distribution map derived from satellite images is not avail-
able; therefore, deforestation risk can only be based on crude 
estimates. Based on this approach, the deforestation risk 
associated with the development of coffee in Colombia was 
13,747 ha per year, and in Brazil and Vietnam approximately 
1,300 ha per year (Fig. 3c).

Direct attribution and indirect attribution methods gener-
ally yielded a higher deforestation risk than the crude estima-
tion approach twofold (Fig. 3a for oil palm in Malaysia and 
Fig. 3b for cocoa in Côte d’Ivoire and Ghana). An exception 
to this is oil palm in Indonesia, whereby the crude estimates 
were markedly higher than the direct attribution and indirect 
attribution methods (Fig. 3a). The underestimation of actual 
crop contribution to deforestation derived from the crude 
sub-country-level datasets for Côte d’Ivoire and Ghanaian 
cocoa is likely due to the predominance of smallholders in 
the production of these crop in these countries (Somarriba 
and López Sampson 2018; World Cocoa Foundation 2019), 
which makes the attribution of the crops to deforestation 
difficult to be accurately captured from the sub-national 
administrative data. On the other hand, the overestimation 
of actual crop contribution to deforestation derived from the 
crude sub-national-level datasets for Indonesian oil palm is 
likely due to the presence of multiple extractive industries 
(logging, timber plantations, and mining) in major oil palm-
producing areas in Indonesia (Abood et al. 2015; Gaveau 
et al. 2019), potentially overlooking the contribution of other 
sectors to deforestation in the sub-national data.

Although oil palm has the highest deforestation risk in 
terms of the absolute deforestation extent (in ha per year), 
the percentage of forest loss attributed to the crop is smaller 
compared to cocoa (Fig. 3d, e). Based on the indirect attri-
bution method, oil palm is associated with 1.5% forest loss 
in Indonesia between 2011 and 2019 (given forest extent of 
99.7 million ha in 2011) and 3.8% forest loss in Malaysia 
(forest extent of 18.9 million ha in 2011) (Fig. 3d). Com-
paratively based on the same method, cocoa is associated 
with 8.5% forest loss in Cote d'Ivoire (given forest extent of 

4 million ha in 2011) and 2.1% forest loss in Ghana over the 
same period (forest extent of 8 million ha in 2011) (Fig. 3e).

How have environmental clauses been incorporated 
into trade agreements and how effective are they 
in achieving the environmental goals?

Trade agreements aim to boost investments and commercial 
ties between participating countries by reducing or eliminat-
ing certain barriers to trade, such as reducing tariffs on prod-
ucts imported to a country. Import tariffs of goods across 
different countries had drastically reduced from an average 
of 14% before 1995 to 5% prior to 2020 (World Bank 2022), 
allowing easy movement of materials and goods over dis-
tant places. However, sending and receiving goods from 
one place to another also has implications for the redistri-
bution of environmental costs along the production chain, 
and these costs are often unaccounted for in trade (Meng 
et al. 2018; Chen et al. 2021). The RTA database shows 
that more regional and bilateral trade agreements are being 
made, especially in the last three decades (Fig. 4a). Before 
1990, there were three trade agreements signed per year on 
average globally, but the number increased to 15 per year in 
the period of 1991–2022.

Of all 512 trade agreements signed between 1980 and 
2022, 195 agreements contain environmental clauses or 
references to environmental protection and/or sustainabil-
ity (Table S2). These environmental elements can be classi-
fied as: (i) very weak: these agreements contain only a brief 
reference to the environment or sustainable development; 
(ii) weak: these agreements contain more texts on a com-
mitment to sustainable development and environment than 
the ‘very weak’ category, but still lack the details of the 
reviewing processes; (iii) medium: these agreements include 
a more substantial review of the impact of the agreement 
on sustainability, including the role of public participation 
in the review; (iv) strong: these agreements include a set of 
environmental criteria for defining the sustainability of the 
traded goods (Tables 1, S3).

We classified 94 of the 195 agreements as ‘very weak’ 
in terms of environmental commitments, 79 as ‘weak’, 20 
as ‘medium’, and two as ‘strong’. The inclusion of environ-
mental clauses in such agreements has become more com-
mon (Fig. 4b). After a decade since the period 2000–2009, 
‘weak’ agreements displaced ‘very weak’ agreements as the 
most common category. ‘Medium’ and ‘strong”’ agreements 
increased from only 9.5% in the period of 2010–2019 to 
28.9% only in the last few years. Of those agreements clas-
sified as ‘medium’ or ‘strong’ between 2000 and 2022 (a 
total of 22), the majority (18) featured the EU and/or the UK 
as a party and the remaining four included the US, EFTA 
(European Free Trade Association), and Nicaragua–Taiwan.



295Sustainability Science (2024) 19:285–305 

1 3

What is the evidence of sustainability standards’ 
effectiveness and impact?

Geographical and certification scheme coverage 
of past evaluations

A total of 51 studies of sufficient quality were found that 
evaluate the impact of sustainability certification for oil palm 
(Table S3; Fig. 5a). The majority of studies were carried out 
on the voluntary certification scheme RSPO (Roundtable on 
Sustainable Oil palm) (40 studies), and the remaining were 
on the national certification ISPO (Indonesian Sustainable 
Oil palm) and MSPO (Malaysian Sustainable Oil palm). Of 
these 51 studies, 41 were conducted in Indonesia and Malay-
sia and 8 in other countries (Thailand, Colombia, Ecuador, 
and Ghana). There was no study on other voluntary certifi-
cation schemes supposedly important for oil palm, such as 
ISCC + (International Sustainability and Carbon Certifica-
tion Plus) and RSB (Roundtable on Sustainable Biomateri-
als). This is probably because these schemes are not specific 
to oil palm and they are widely applied to other commodities 
and biofuel production and supply chains.

A total of 25 studies were found for cocoa certifica-
tion schemes, mostly focused on Côte d’Ivoire and Ghana 
(Table S4; Fig. 5b). These studies were carried out on farms 
certified by Rainforest Alliance Sustainable Agriculture 
(RA-SA), UTZ, or Fairtrade Cocoa schemes. For coffee 
certification schemes, we found significantly more studies 
than in cocoa (47 studies) (Table S4; Fig. 5c). A total of 
27 studies were from countries in Latin America, 17 from 
countries in Africa, and 3 from Asia. Studies were carried 

out on farms certified by RA-SA, UTZ, Fairtrade, or 4C (The 
Common Code for the Coffee Community) schemes.

Agriculture production models and sustainability indicators 
evaluated

For oil palm sustainability certification, the evaluation stud-
ies found vary by producer type, i.e. plantations (includ-
ing scheme smallholders) and independent smallholders 
(Fig. 5a). A large proportion of studies from Indonesia and 
Malaysia were derived from company plantations (32 out 
of 51 in total) and 19 were from independent smallhold-
ers. This could reflect the fact that key oil palm players in 
this region are large producers (Varkkey et al. 2018; Santika 
et al. 2021). On the other hand, studies on cocoa and coffee 
certification were all carried out on independent smallhold-
ers (typically under cooperative schemes) and medium-scale 
farms (Fig. 5b, c). This could reflect the majority of agricul-
tural production models for these two crops globally (Somar-
riba and López Sampson 2018; World Cocoa Foundation 
2019).

In terms of the sustainability indicators, studies for the 
oil palm certification schemes evaluated a wide range of 
sustainability dimensions, including deforestation and biodi-
versity, GHG emission, water and soil management, poverty, 
and human rights and land tenure conflicts (Fig. 5a). Studies 
appraising human rights or land tenure outcomes, as well as 
GHG emissions or fire, are more common in oil palm com-
pared to cocoa and coffee (Fig. 5). The absence of human 
rights, land tenure, and conflicts appraisal for cocoa and cof-
fee certification may be partly because the production model 

Fig. 4  Trends in a the likelihood of trade agreements signed per year between 1960 and 2021, and b the strength of environmental elements in 
trade agreements between 1980 and 2021. See Table 1 for the definition of the strength
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of these crops is dominated by small-scale or medium-scale 
holders (Somarriba and López Sampson 2018; World Cocoa 
Foundation 2019). This is quite different from many oil palm 
production contexts, whereby large-scale plantations are 
key actors in major oil palm-producing countries, and the 
countries’ weak land tenure systems often allow large-scale 
land acquisitions to occur leading to long-standing conflicts 
between agroindustry and local communities (Castellanos-
Navarrete et al. 2021; Yang and He 2021), thus making land 

tenure topics especially relevant for the crop. Nonetheless, 
human rights issues especially regarding child labour (i.e. 
workloads and deprived opportunities for health and edu-
cation development as defined by ILO) and trafficking are 
recognised as pervasive issues in oil palm (Pasaribu and 
Vanclay 2021), cocoa (Perkiss et al. 2021), and coffee (Bager 
and Lambin 2020), regardless of the crop production model. 
The lack of GHG emission appraisal in cocoa and coffee is 
likely because cocoa and coffee are generally cultivated on 

Fig. 5  Environmental and social impacts of sustainability certifica-
tion for a oil palm, b cocoa, and c coffee, estimated from past studies. 
Studies are categorised based on: (i) the methodology used to derive 
evidence of impact: rigorous counterfactual versus case report or 

case–control approach; and (ii) the crop production model evaluated: 
large-scale plantations versus independent smallholders or medium-
scale farms



297Sustainability Science (2024) 19:285–305 

1 3

mineral soil, unlike oil palm which has been extensively 
developed on peatland in the major producing countries of 
Indonesia and Malaysia (as part of government legacy in 
the utilisation of perceived “unproductive” land) (Dohong 
et al. 2017) and therefore making GHG emissions a highly 
relevant issue. Thus, the sustainability indicators covered by 
existing evaluations likely reflect specific challenges faced 
by each crop and the associated biophysical and socio-polit-
ical contexts of the cultivated region.

Evidence of impact of sustainability certifications

Available evidence on the environmental and social impact 
of certification was largely drawn from case report or 
case–control approaches (comparing before and after, or 
with and without intervention, whether or not they address 
confounding factors). Of the total 51 studies we evaluated for 
oil palm, only a third (16 studies) applied a rigorous coun-
terfactual approach (Fig. 5a), and nearly all of these were 
conducted on RSPO-certified plantations. For cocoa, a third 
of the studies (8 of 25) applied a counterfactual approach 
(Fig. 5b). For coffee, the proportion of studies applying a 
counterfactual approach was higher than for cocoa (51%) 
(Fig. 5c).

The impact of sustainability certification for oil palm 
appears to be mixed across different dimensions of sustain-
ability (Fig. 5). The environmental impact of certification 
(deforestation and biodiversity, GHG emission, and water 
and soil management) was neutral or negligible, but the 
social impact (poverty, human rights, and land tenure) tends 
to be negative. For cocoa and coffee, the impact of certifica-
tion tends to be positive on the environmental sustainabil-
ity indicators. Certification impact on poverty and income 
appears positive for cocoa, but mixed (positive and neutral) 
for coffee.

Discussion and conclusions

A range of policy levers exist to achieve a reduction in the 
consumption and demand of tropical commodities. A broad 
distinction can be drawn between reform-oriented policy 
levers, which work through market-based mechanisms, 
and more transformative pathways (Acosta 2013; Martin 
et al. 2020). The likely effectiveness of different reform-
oriented policy levers and the shift in political will required 
to achieve them vary. Broad normative economic propos-
als relating to degrowth in wealthy nations and enhanced 
sharing of wealth are put forward in ecological economics 
(Hickel 2020; Lenzen et al. 2022). These include practical 
proposals, such as cutting advertising industries to tackle 
consumption (Niinimäki et al. 2020; Sina et al. 2022), ban-
ning high environmental impact industries that have little 

value to society (e.g. private jets, large mansions) (Lynch 
et al. 2019), and eliminating planned obsolescence (Satyro 
et al. 2018; Bisschop et al. 2022). Degrowth scholars argue, 
however, that for poorer nations, growth is still necessary 
(Hickel 2021). Convivial conservation proposals call for 
more radical levers (Büscher et al. 2022). Below, we discuss 
some measures that fit within the deeper end of the reform-
oriented spectrum and some that potentially could be classi-
fied as transformative in nature for tackling deforestation in 
supply chains, and more holistic visions of future pathways 
toward sustainability.

Reducing consumption of tropical commodities

Extractivism and neo-extractivism have long-standing roots 
in colonial and post-colonial development processes, in 
which tropical regions have been exploited for their natural 
resources and labour. Reformist proposals have focused on 
enhanced natural resource governance through conventional 
economic policies, which present environmental damage 
largely as a given (Acosta 2013). From this point of view, 
problems and conflicts that arise from extractivism can be 
solved with “proper governance” of how natural resources 
are used. The ways to achieve this are orthodox economic 
policies, such as increasing responsibilisation and participa-
tion of civil society in the oversight of extractive industry 
projects, more social investment in the areas where extrac-
tivism takes place to reduce social protests, and transpar-
ent information about the income obtained by the extractive 
enterprises, local governments, and central government. 
Environmental destruction is accepted as the inevitable 
cost of achieving development. Development paths that are 
inherently based on natural resource exploitation have criti-
cal implications for politics, social relations, and territorial 
orders, although these vary depending upon the willingness, 
for example, of political elites to support rent redistributions 
(Burchardt and Dietz 2014).

The sustainability of land and raw material use is increas-
ingly challenged by over-exploitation, an increase in high-
consumption lifestyles, and the unwillingness to target rich 
asset owners with taxes, and to deliver land reforms that 
tackle land inequalities (Burchardt and Dietz 2014). The 
extraction of raw materials has high environmental impacts, 
but their monetary value is significantly lower than that of 
processed goods (Frey et al. 2018; Givens et al. 2019). In 
the global system where places have unequal economic posi-
tions perpetuated by colonial histories (Ziai 2016), centres 
of consumption allow the exchange of values of materials 
through trade while undermining the productive potential of 
places where the raw materials are extracted. The accumu-
lation of these value exchange activities allows centres of 
consumption to further extract raw materials and low-cost 
labour from the producing areas (Mair et al. 2016) and shift 
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the environmental and social burden to the latter (Essandoh 
et al. 2020; Chen et al. 2021), consequently widening the 
social and economic disparities between places along the 
supply route (Mossay and Tabuchi 2015; Backhouse et al. 
2021). It also distances economic agencies from territorial 
actors (Bonnedahl et al. 2022).

The relationship between centres of consumption and 
producing areas can reflect the interconnection between 
high- and low/middle-income countries at the global scale 
under the current market system (Cai et al. 2018; Duan et al. 
2021), as well as urban and rural areas (Sethi and Puppim 
de Oliveira 2015; Zhang et al. 2018), and general public and 
elite wealth within countries (Mirza et al. 2019; Beckert 
2022). As our analysis shows, per capita consumption of 
forest-risk commodities for oil palm, cocoa, and coffee gen-
erally follows the country's socioeconomic status; countries 
with higher income are associated with higher consump-
tion rates overall than countries with lower economic status 
(Fig. 2). Similar conclusions were found in other studies 
(Pendrill et al. 2019; Sun et al. 2022). Per capita consump-
tion rates have increased over time for all country types, 
but they tend to race to the level where the highest con-
sumption can be attained in a given period, in this case by 
HICs (Fig. S1). The level of consumption by HICs can influ-
ence other countries by providing legitimation to emulate 
a similar consumption trajectory, a behaviour analogue to 
the debate on historical greenhouse gas emission (GHG) 
expenditure (Wei et al. 2012; Jakob et al. 2021). Further-
more, HICs continue to make up the largest proportion of 
importing and trading countries in raw oil palm, cocoa, and 
coffee, whereas LMICs make up the largest proportion of 
exporting tropical countries (Fig. 1) where most of the envi-
ronmental costs are incurred (Fig. 3) (Dupas et al. 2022).

Existing patterns of ever-growing consumption, dete-
rioration of tropical environments driven by trade, and the 
widening of socioeconomic inequality will continue unless 
appropriate measures are implemented. HICs have the larg-
est responsibility and capabilities to reduce their per capita 
consumption of forest-risk commodities (Tukker et al. 2020; 
Hickel et al. 2022). In the short term, one potential option 
to reduce the consumption of forest-risk raw commodi-
ties and their derivative products is to apply consumption 
taxes, whether they are produced domestically or imported 
(Afionis et al. 2017; Rocco et al. 2020). Raising commod-
ity prices is likely not a popular approach for consumers, 
especially when the products have already been subjected to 
other taxes, such as the sugar tax on chocolate (Shahid and 
Bishop 2019). However, public acceptance may be higher if 
the revenue collected were recycled to support smallholder 
farmers and programmes in crop-producing countries to 
reduce environmental degradation due to crop cultivation. 
Several studies have shown that richer nations’ consumers 
are willing to support activities linked to sustainable food 

production and consumption (Tait et al. 2016; Li and Kallas 
2021). Alternatively, importing countries can apply import 
duties to forest-risk commodities and the revenue generated 
can be recycled to support producing countries’ sustainable 
agricultural programmes and environmental monitoring and 
mitigation. Some HICs may have already been obliged to set 
zero or limited tariff rates for certain commodities due to 
bilateral or multilateral trade agreements (e.g. EU imports 
of cocoa from most African countries receive zero tariff), 
and increasing import duties would place them in violation 
of their commitment under the WTO. However, it may be 
unlikely that their exporting partners would initiate a dispute 
if they were receiving the revenue.

More ambitious transformative shifts in the food system 
and dietary behaviour towards more locally adapted food 
consumption patterns and minimising food waste are also 
required to reduce consumption rates in HICs (Green et al. 
2015; Alexander et al. 2016; Hickel 2020) and urban areas 
in countries of emerging economies (da Costa Louzada et al. 
2018; He et al. 2018). Public procurement is another key 
tool for incentivising more sustainable production (Martin-
Ortega and Treviño-Lozano 2023). There are also move-
ments seeking to territorialise food and agricultural pro-
duction as a whole, such as those supporting small-scale 
agriculture, agroecology principles, and reduced use of 
transgenic crops (Chaifetz and Jagger 2014). Such move-
ments could receive more support from governments, e.g. 
through grant funding for food hubs or commoning institu-
tions, such as Chambers of the Commons and Commons 
Assemblies, alongside land reform processes, which would 
represent deeper leverage points in richer nations with poten-
tial multi-dimensional benefits (Srnicek and Williams 2015).

Strengthening sustainability criteria in trade 
and a process of reform of environmental policy 
and land governance, and supporting improvement 
in producer country’s own certification system

Meeting certain environmental criteria can be used to render 
a reduction in import duties described above. In general, 
WTO regulations, including the Technical Barriers to Trade 
Agreement, require criteria to be expressed based on perfor-
mance rather than descriptive characteristics. Trade prefer-
ence given to ‘sustainable oil palm’, for example, is permis-
sible, but specifying ‘sustainable oil palm’ as only those 
products certified by RSPO, or other voluntary schemes, 
would not. HICs’ government applying the measure would 
need to draw up a list of criteria for each forest-risk com-
modity which any supplier could potentially meet regardless 
of its membership in a certification scheme. These criteria 
can be informed by those listed in the existing voluntary 
standards. The use of voluntary certification schemes solely 
for trade preference is highly problematic due to several 
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reasons. First, the existence and coverage of certification 
schemes vary widely, and some forest-risk commodities are 
either not covered or not to a great extent (Tayleur et al. 
2017; van der Ven et al. 2018). Second, different certifica-
tion schemes can cover different sets of criteria with differ-
ent strengths in verification and auditing, and unintended 
consequences of ‘standards shopping’ may occur among 
suppliers (Schmeichel 2017). Third, past evaluations of the 
social and environmental impacts of voluntary certification 
schemes tend to show mixed results which put into question 
their effectiveness (Fig. 5) (Oya et al. 2018; Meemken et al. 
2021) and numerous complexities exist due to a mismatch in 
the implementation across different sectors and institutional 
levels (Lambin and Thorlakson 2018; Pacheco et al. 2020; 
Katic et al. 2023). Fourth, certification systems are often 
time-consuming and costly to introduce and implement and 
this can be particularly challenging for smallholder farmers 
(Dompreh et al. 2021; Watts et al. 2021).

Some voluntary standards organisations have made 
efforts to address the above-mentioned issues, e.g. through 
the development of specific smallholder standards with the 
provision of support for audits and streamlined processes for 
group certification (Latynskiy and Berger 2017; Watts et al. 
2021) and jurisdictional or landscape approaches to demon-
strating compliance with criteria such as zero deforestation 
across a wider area than individual farms (Seymour et al. 
2020; Watts et al. 2021). However, there seems to be little 
progress in certification for providing traceability systems 
and verifying compliance with criteria throughout the supply 
chain (Pacheco et al. 2020; Meemken et al. 2021). Addition-
ally, low/middle-income country governments have often 
been unenthusiastic or unreceptive to voluntary standards, as 
these are often perceived to be Western-dominated systems 
imposed on commodity supply chains without considering 
the development priorities of the countries that produce the 
commodities (Schouten and Bitzer 2015; Tyson and Meg-
aningtyas 2022). This sentiment also partly lies behind the 
development of national schemes, such as ISPO and MSPO 
for oil palm (Astari and Lovett 2019; Choiruzzad et al. 
2021).

Although the use of environmental criteria in trade is 
feasible, it should not be regarded as an ideal method in 
isolation, especially under the broader aim of life-enhanc-
ing economies. Trade agreements are not intrinsically well 
suited to pursuing socio-environmental outcomes, as they 
focus necessarily on the mutual removal of restrictions 
(such as import duties, quotas, and administrative require-
ments) rather than incentivising different modes of produc-
tion, consumption, or investment, which is generally what 
environmental policy seeks to do (Gammage 2018; Kolcava 
et al. 2019; Bastiaens and Postnikov 2020). A combination 
of different forms of measures, including trade restrictions 
(e.g. discrimination in trade between products produced 

sustainably or unsustainably, either legally or illegally) 
coupled with a process of reform of environmental policy 
and land governance in the producing country partner, as 
well as a reward system for sustainably produced products 
in the consumer markets, all supported by capacity-building 
assistance from donor countries, is likely to be more effec-
tive than the current status quo. Where low/middle-income 
country governments have interest and can mobilise politi-
cal will to achieve ambitious environmental goals, using 
trade restrictions could provide a valuable reinforcement, 
especially where the sustainability criteria can be met by 
certification or similar systems that have been developed 
by the producer country itself, rather than those of external 
voluntary sustainability standards. The provision of support 
from high-income consumer countries would be vital and 
could include assistance to improve the producer country’s 
own certification system to ensure that it can credibly verify 
compliance with the criteria included in the agreement. In 
these circumstances, the inclusion of environmental criteria 
in trade agreements could play a valuable role. Neverthe-
less, regular and robust monitoring and evaluation will be 
required to assess both the direct and indirect impacts of 
these initiatives so that timely and adequate action can be 
taken to minimise the unintended effects (Sellare et al. 2022; 
Zhunusova et al. 2022).

Enhancing monitoring of crop environmental 
footprints through detailed spatiotemporal data

Efforts to monitor deforestation associated with commodity 
production have so far focused on industrial-scale planta-
tions (e.g. oil palm and soybean), and this is mainly due 
to their social and environmental consequences (Fehlen-
berg et al. 2017; Phélinas and Choumert 2017; Santika 
et al. 2019) and the ease of capturing large-scale land cover 
change from satellite images. The impact of crop expansion 
by small-scale farmers has received less attention, although 
there have been growing calls for more rigorous monitoring 
(Ashiagbor et al. 2022; Ramírez-Mejía et al. 2022; Zhao 
et al. 2022). Elevated demands for tropical crops from the 
global market can incentivise lucrative practices and maxi-
misation of production in the short term, and this likely has 
an impact on the exacerbation of agricultural expansion 
by both large-scale and small-scale producers following 
numerous mechanisms and pathways. Studies from Indo-
nesia indicate that large-scale plantations were the primary 
actor in the expansion of oil palm in remote forest lands in 
the early stage of oil palm development; however, follow-
ing the establishment of oil palm mills in the new develop-
ment areas, the number of smallholders began to grow at 
rapid rates emulating the earlier expansion patterns of the 
large-scale producers, creating an extremely complex supply 
chain network (Prabowo et al. 2017; Heilmayr et al. 2020; 
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Santika et al. 2021). Studies from the coffee sector in Ghana 
and Côte d’Ivoire show that lack of agricultural input and 
management due to limited capital in smallholders poses 
challenges to poor soil fertility and high pest and disease 
pressures, and this aggravates the abandonment of farms 
that are no longer productive on the seeking of new fertile 
lands and forest areas for agriculture (Ameyaw et al. 2018; 
Ashiagbor et al. 2022).

Our study shows that the widely used approach based 
on rudimentary data on crop distribution at the national or 
sub-national level tends to underestimate the crop defor-
estation risk attributed to both large-scale plantations and 
smallholder farms (Fig. 3). Detailed spatiotemporal change 
in land cover derived from satellite images that enable the 
detection and differentiation between large-scale plantations 
and small-scale farms can offer more accurate monitoring 
(Bey et al. 2020; Xu et al. 2020). Coupled with the trade 
datasets, they can be used to inform environmental policy 
measures. Nonetheless, while revealing the impact of defor-
estation on global supply chains is key for all actors, the 
availability of more information and traceability should not 
distract from the aim to catalyse change in the basic features 
of capitalist relations towards identifying and pursuing more 
transformative leverage points.

Potential transformative leverage points 
in achieving socio‑ecological goals in supply chains

Current work on transformative change levers seeks to iden-
tify leverage points as possible entry points to a system to 
make far-reaching changes (Meadows 1999). In food and 
agricultural systems, transformations are increasingly called 
for in policy circles, including tackling deforestation, but 
the primary question is how to achieve such shifts given 
the power inequalities and concentrations of wealth within 
agrifood systems (Dupas et al. 2022; Slater et al. 2022). 
Neoliberal economic globalisation has given rise to multi-
national corporate power, expansion of global value chains, 
and polycentric trade patterns, rendering communities and 
national governments less power than before to hold multi-
national companies to account (Sikor and Lund 2009; Clegg 
et al. 2018). Actors who hold such power are increasingly 
able to influence the rules governing the global economy 
in their interests, leading to a thinning of democracy and 
a shrinking of civic space (Standing 2018). A recent inter-
governmental assessment from IPBES urgently calls for a 
moderation of market fundamentalism, privatisation, accu-
mulation, and extraction, and amplification of solidarity and 
ethics of care (IPBES 2019).

Measures such as import duties, environmental due dili-
gence, and sustainability standards may be easier for gov-
ernments to contemplate in the short to medium term, but 
this is fundamentally because such measures are relatively 

unchallenging to incumbent actors and relations in the global 
political economy. Evidence of the impact of sustainabil-
ity standards is mixed (Oya et al. 2018; Schleifer and Sun 
2020; Garrett et al. 2021) and trade agreements are rarely 
the best option to achieve socio-environmental goals (Rodrik 
2018; Kehoe et al. 2020), and to some extent, they can be 
seen as a distraction from more transformative approaches 
(Martin et al. 2020). Given the fundamental limitations of 
market-based mechanisms, it is valuable to ask what a wider 
range of responses might entail that can facilitate meaningful 
transformative change to tackle deforestation and all other 
supply chain sustainability challenges, given that such chal-
lenges essentially share the same root cause.

Huge distances created between local dwellers in a land-
scape and those with control over it, by commodity trade 
relations, are problematic in terms of creating accountability 
and an ethics of care. Values, mindsets, attitudes, and feel-
ings of connectedness to nature fundamentally shape the 
goals that determine land uses, and conversely, a sense of 
detachment has causally contributed to the deforestation 
affected by actors locally and extra-territorially (Brown 
et al. 2019; Bonnedahl et al. 2022). Uncoupling global value 
chains is needed to lessen the social and environmental costs 
(Akizu-Gardoki et al. 2018; Lenzen et al. 2022), although 
some trade will still be needed for food security reasons. 
Some commodities consumed in the Global North, such as 
horticultural crops, may be grown locally (López Cifuentes 
and Gugerell 2021; Li et al. 2022), while for other com-
modities, especially those with highly negative effects, there 
may be potential for substitutions (Green et al. 2015; Blay-
Palmer et al. 2018). Understanding the potential pathways 
for uncoupling requires not only detailed scientific analy-
ses of trade-offs, but also a broader exploration of potential 
value shifts and pathways to greater sustainability through 
post-growth scenarios (Hickel 2020; Lenzen et al. 2022).

There is a need to move beyond approaches that present 
sustainable supply chain issues, including deforestation, as 
fundamentally an issue relating to production zones, and 
instead, focus on the root causes of the problem. Attentive-
ness to different classes in society is needed, addressing 
their relative levels of responsibility and accountability for 
biodiversity losses, environmental degradation, and climate 
change (Büscher et al. 2022; Green and Healy 2022). Some 
actors have greater power in the broader structures of capi-
talist accumulation. Conservation initiatives not only need to 
give local people a central role as decision-makers in plan-
ning (Friedman et al. 2020; Carmenta et al. 2023), but also 
focus on behavioural change efforts to create greater democ-
racy in larger structures of power which ultimately shape 
the success of local-scale initiatives (Büscher et al. 2022; 
Corson and Campell 2023). Attention has been focused on 
sourcing localities for far too long, and ultimately this lens 
depoliticises analytic diagnoses of sustainability challenges 
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(Brockhaus et al. 2021; Kumeh and Ramcilovic-Suominen 
2023). Refocusing attention on higher-scale concentrations 
of power and wealth and how to disrupt and overcome these 
is therefore key. This could be attained through radical 
policy prescriptions, such as debt cancellation for poorer 
nations that were colonised, taxing agro-commodity com-
panies to internalise their social and environmental impacts, 
increased regulation, monitoring, and accountability of cor-
porate impacts in deforestation-risk countries, as well as 
support for locally designed approaches which strengthen 
autonomy.
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