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Abstract

Background: Globally, the response to climate change is gradually gaining momentum as the impacts of climate
change unfold. In South Africa, it is increasingly apparent that delays in responding to climate change over the past
decades have jeopardized human life and livelihoods. While slow progress with mitigation, especially in the energy
sector, has garnered much attention, focus is now shifting to developing plans and systems to adapt to the impacts of
climate change.

Methods: We applied systematic review methods to assess progress with climate change adaptation in the health
sector in South Africa. This case study provides useful lessons which could be applied in other countries in the African
region, or globally. We reviewed the literature indexed in PubMed and Web of Science, together with relevant grey
literature. We included articles describing adaptation interventions to reduce the impact of climate change on health in
South Africa. All study designs were eligible. Data from included articles and grey literature were summed thematically.

Results: Of the 820 publications screened, 21 were included, together with an additional xx papers. Very few studies
presented findings of an intervention or used high-quality research designs. Several policy frameworks for climate change
have been developed at national and local government levels. These, however, pay little attention to health concerns and
the specific needs of vulnerable groups. Systems for forecasting extreme weather, and tracking malaria and other
infections appear well established. Yet, there is little evidence about the country’s preparedness for extreme weather events,
or the ability of the already strained health system to respond to these events. Seemingly, few adaptation measures have
taken place in occupational and other settings. To date, little attention has been given to climate change in
training curricula for health workers.

Conclusions: Overall, the volume and quality of research is disappointing, and disproportionate to the threat
posed by climate change in South Africa. This is surprising given that the requisite expertise for policy advocacy, identifying
effective interventions and implementing systems-based approaches rests within the health sector. More effective use of
data, a traditional strength of health professionals, could support adaptation and promote accountability of the state. With
increased health-sector leadership, climate change could be reframed as predominately a health issue, one necessitating an
urgent, adequately-resourced response. Such a shift in South Africa, but also beyond the country, may play a key role in
accelerating climate change adaptation and mitigation.
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Background

The impacts of global changes in climate are rapidly
escalating in South Africa. Unless concerted action is
taken to reduce greenhouse gas emissions, temperatures
may rise by more than 4 °C over the southern African in-
terior by 2100, and by more than 6 °C over the western,
central and northern parts of South Africa [1, 2]. Extreme
weather events are the most noticeable effects to date,
especially the drought in the Western Cape and wildfires,
but rises in vector- and waterborne diseases are also
gaining prominence. Global warming, which manifests as
climate variability, has already been implicated in in-
creased transmission of malaria, Rift Valley Fever, schisto-
somiasis, cholera and other diarrheal pathogens, and
Avian influenza in the country [3—-10]. Studies have docu-
mented the considerable impact of high ambient tempera-
tures on mortality in the country, with mortality rises of
0.9% per 1°C above certain thresholds, and considerably
higher levels in the elderly and young children [11, 12].
Food security is under threat, with, for example, crop
yields likely to decline in several provinces, with concomi-
tant loss of livestock [13]. Moreover, any negative impacts
of climate change on the country’s economy will have
major implications for people’s access to food, which is
largely contingent on affordability. Food access is already
tenuous given the existing levels of poverty and as owner-
ship of arable land is highly inequitable, reflecting the par-
ticular history of the country [14].

The impact of rises in temperature are especially
marked in occupational settings, particularly in the min-
ing, agriculture and outdoor service sectors [15-17]. Im-
pacts, including measurable mortality effects, are
heightened in those living in informal settlements, where
houses are often constructed of sheets of corrugated iron
[18-20]. In addition, heat increments are pronounced in
many schools and health facilities as these have not been
constructed to withstand current and future temperature
levels [21, 22]. Importantly, all the impacts of climate
change affect mental health, in a nation where already
one sixth of the population have a mental health dis-
order [23].

While climate mitigation efforts, especially a reduction
in carbon-based power production, have garnered much
attention, focus is shifting to more direct, and shorter or
‘near’ term actions to counter the impacts of climate
change [24-26]. These actions — commonly called adapta-
tion measures — range from building the resilience of the
population and health system, to preparing for health im-
pacts of extreme weather events and to reducing the ef-
fects of incremental rises in heat in the workplace and
other settings [27].

Most importantly, the effectiveness of adaptation pivots
on reducing levels of poverty and inequities, especially in
women and other vulnerable groups. Simply put: if an
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individual’s or household’s socio-economic status is ro-
bust, they will have a greater ability to withstand shocks
induced by climate change. In South Africa, however,
about a quarter of the population are unemployed and
over half live below the poverty line [28]. Poverty reduc-
tion initiatives, such as the highly successful social grants
system [29], thus lie at the heart of health adaptation.
These initiatives already reach 17.5 million vulnerable
people in South Africa [30], could be further extended to
counter balance the disproportionate effects of climate
change on vulnerable groups [31]. Equally, having a resili-
ent health system is central to effective climate change
adaptation.

While health professionals can play a critical role in advo-
cating for stronger mitigation efforts such as a shift from
brown to green energy (the government envisages that in
2030, still two thirds of energy production in the country
will be coal-based [32]), the contribution of the health
sector mostly centres around climate change adaptation.
Several features of an effective health-sector adaptation re-
sponse bear mention [33]. Firstly, national- and local-level
policy frameworks and plans are required, supported by
adequate resources. In particular, emergency incident re-
sponse plans are needed for events such as heat waves,
wildfires, floods, extreme water scarcity and infectious dis-
ease outbreaks [34]. These response plans set out the pro-
cedures to follow in the case of such events and the
responsibilities of different actors. Secondly, communica-
tion is a key component of adaptation strategies, targeting a
wide range of audiences, and using social and other media.
Long-term communications strategies, such as “Heat edu-
cation” campaigns, can raise awareness of the health risks
of heat waves, and help prepare individuals and communi-
ties to self-manage their responses to increased heat [35].
Then, more short-term response communication is needed
when an actual extreme weather event is forecast, making
the public aware of an impending period of risk and what
steps are needed to ameliorate that risk. Thirdly, the effect-
iveness of adaptation interventions rests on the strength of
data systems and surveillance. Aside from providing warn-
ings of extreme weather events, heightened surveillance is
required of diseases associated with environmental factors,
together with concerted efforts to systematically document
the effectiveness of adaptation responses and to identify op-
portunities for improving services.

There is clearly a real opportunity to bring the credible
voice and considerable resources of the health sector to
bear on climate change policies and programmes [36—38].
It is important to assess the extent to which this is occur-
ring and gaps in this response. Some reviews have exam-
ined this issue in South Africa [39-41], but none have
done so recently, or employed systematic review method-
ology. This study fills that gap and presents lessons from
the response in South Africa that might be applied in
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other countries and, indeed, globally [42]. In recent de-
cades, South Africa has played a leading role in tackling
public health issues affecting the African region, especially
in the HIV field. The country has the potential, drawing
on its research and programme expertise, to play a similar
role in climate change adaptation, galvanising action in
other parts of the continent. Thus, while the impacts of
climate are somewhat unique to each country and even
within different parts of a country, lessons drawn from
this case study may provide useful insights for other coun-
tries in the region.

The paper is divided into two thematic areas. The first
covers policy frameworks relating to climate change
adaptation, as well as data monitoring and surveillance
of climate change adaptation in the country. The second
reviews the level of preparedness and actions already
taken for extreme weather events, rises in temperature
and infectious disease outbreaks. Topics indirectly re-
lated to health, such as food security, are not addressed
in the paper, though remain of key importance.

Review methods

We systematically reviewed literature indexed in
PubMed (Medline) and Web of Science for articles that
address climate change adaptation in South Africa. Full
details and the PRISMA Flow Chart are described else-
where [43]. The Pubmed search strategy included free text
terms and controlled vocabulary terms (MeSH codes), spe-
cifically: (((((“South Africa”[MeSH]) OR (“South Africa”[Ti-
tle/Abstract]) OR (“Southern Africa*”[Title/Abstract])))
AND “last 10 years”[PDat])) AND (((“global warming”[Ti-
tle/Abstract] OR “global warming”[MeSH] OR climatic*[Ti-
tle/Abstract] OR “climate change”[Title/Abstract] OR
“climate change”’[MeSH] OR “Desert Climate”[MeSH] OR
“El Nino-Southern Oscillation”’[MeSH] OR Microclimate[-
MeSH] OR “Tropical Climate”[MeSH])). This strategy was
translated into a Web of Science search.

In total, 820 titles and abstracts were screened by a single
reviewer after removal of 34 duplicate items. To be in-
cluded, articles had to describe adaptation interventions to
reduce the impact of climate change on health in South
Africa. All study designs were eligible and no time limits
were imposed. We excluded articles that were not in
English (1 =3), only covered animals or plants (n =345),
were not on South Africa (n=273), were unrelated to
health (n =57) or to climate change (1 =56), or were only
on climate change impact (# = 34) or mitigation (r = 31). In
total, we screened 86 full text articles for eligibility, 21 of
which were included (Fig. 1). We also included literature lo-
cated through searches of article references (one additional
paper) or through targeted internet searches. Thereafter, we
extracted data on the characteristics of the included articles,
including their study design and outcome measures
(Table 1). In analysis, we grouped studies on similar topics
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and, where possible, attempted to highlight commonalities
or differences between the study findings. Policy documents
were located by searching the website of the National
Department of Environmental Affairs (https://www.envir
onment.gov.za) and the National Department of Health
(http://www.health.gov.za/), and by asking experts familiar
with these policies in South Africa.

Results

Engagement of the health sector in climate change
policies, planning and data systems

We located 14 journal articles on health sector engage-
ment. With these limited number of records, results are
presented as a narrative, rather than as a comparison of
findings in different parts of the country or across popu-
lation groups. We first discuss national and local policies
and practices, and then turn to assess the climate and
health monitoring systems in the country.

In recent years, the national government has devel-
oped a series of documents covering key legislative and
strategic aspects of adaptation. In 2018, the government
released a draft of the National Climate Change Re-
sponse White Paper which sets out the different ways in
which climate change considerations can be integrated
within all sectors, including health. This document up-
dates the 2011 White Paper on this topic. More recently,
the draft National Climate Change Bill was made avail-
able for comment [24]. Little reference is made to hu-
man health and scanty detail is provided on actual
implementation of the policies. Additionally, in 2017, the
second draft of the South African National Adaptation
Strategy was made open for public comment [25]. This
is a ten-year plan, which describes key strategic areas,
with measurable outcomes. The strategy acts as a refer-
ence point for all climate change adaptation efforts in
South Africa, providing overarching guidance across the
various sectors of the economy. As such, it seeks to en-
sure that different levels of government and the private
sector integrate and reflect climate change adaptation.
The implementation priorities for health are listed as
water and sanitation, early warning systems for effective
public health interventions during extreme weather
events, and occupational health.

While national policies set the stage for lower levels of
government and funding prioritisation, much of the ac-
tual planning for climate change adaptation occurs at
the provincial and local government level. Most import-
antly, each local area government is charged with devel-
oping an Integrated Development Plan every five years,
involving many sectors, including health [44]. Health im-
plications of climate change are mentioned in some of
these plans, but not all [45-47]. A survey of Environ-
mental Health Practitioners (# = 48), who are at the fore-
front of implementing these plans, provides insights of
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Fig. 1 PRISMA Flow Diagram for Review of health-related adaptation to Climate Change in South Africa

the degree to which climate change priorities have been in-
corporated within these plans [48]. Though almost all felt
that they should play a supportive or leading role in ad-
dressing climate change, only half had a budget allocated
for climate change and health-related work, and only a
third had ever participated in climate change-related pro-
jects. Another study involving fieldwork in a range of set-
tings in South Africa reported that, for climate change
adaptation plans to be successful, local communities need
to be more involved in their design and implementation
[49]. A further study in e€Thekwini Municipality, KwaZulu-
Natal Province noted that few climate change advocates
had emerged among local politicians and civil servants, and
that decisions made at the local government level seldom
took climate change issues into account [50]. A case study
of the Integrated Development Plan in the same municipal-
ity examined the working relations between the local gov-
ernment, civil society and private sector actors on climate
change initiatives, forming a ‘network governance’ structure
[51]. Having a ‘network’ helped local government shift from
ruling by regulations and authority, to a ‘softer approach;
one that ‘enabled’ solutions to climate challenges. For their
part, however, the private sector found it challenging to
incorporate climate-sensitive actions into their modus

operandi and may require financial incentives to adopt
mitigation and adaptation measures. Concerns remain that
the private sector - and indeed the public sector — view en-
vironmental issues as constraints to profit and develop-
ment, rather than as contributors [50].

While it appears that national and local policy and plan-
ning frameworks can influence programmes and funding
allocations, at least to some extent, their impact needs to
be monitored closely, using appropriate indicators. These
data can help decision-makers to identify programmatic
areas to target, researchers to analyse and benchmark
programme performance, and civil society and communi-
ties to gauge service provision in their area. The growing
and shifting burden of climate-sensitive diseases, however,
means that the district- and national-level indicators cur-
rently used for monitoring disease and service provision
may be less relevant in this new era.

A review in 2014 emphasized the need for developing
new tools for incorporating data from climate monitor-
ing systems, for example temperature and rainfall, into
Demographic Health Information Systems (DHIS) in
South Africa, and vice versa [39]. The tremendous poten-
tial of integrated weather-health data is, however, con-
strained by differences in spatial, temporal and quality of



Page 5 of 16

22

(2019) 15

Chersich and Wright Globalization and Health

2oe|dyiom ay1

Sainseaul |0U0d
pue uonuaaaid
pue yijeay

[S1]
aAnDadsiad uedLyy

UINOS v y3jeay

yyeay Ul 1eay Jo [0auod Jeuonednd20 uo D 2oe|dyiom |euonednado pue
VN |euonedn>Q pue uonusAaid uonowod yiesH  Jo s1oedwil maiAi O] 3y ul 9|doad Po1RIS JION  MAIASJ JUSWND0Q M3IADI dAleLRN  AIIUNOD 90U edljy yinos abueyd arewid
uonewlojul
Puiusem
Alea uiojut
pue sduspdUl
euejew Jo buiwn
1Ipaid 01 Algy spays ey buipnpul
"2DUSPIDUI BLiejew 1eueA a1ew||d ‘9DUSPIUI BLE[eW (erep
uo ‘euswiousyd |esodwii-oneds eep UO SUOINDBUUODRR) 91PWI|D SBLIBS-dUIL [GG] eouyy
1 Wi 9|eds pue aduspul 21wl pue yieay Susydsoude pappuo) erep UINos Ul aduapidul
ab1e| pue sioey 20UsapPUl elie[eW Uamiaq Buisn adue|jisAINS 210WaI puUe S1aY9 elLiejew |e2160]010218 elle[ew Uo $1012e)
Slewlp [euoibal 95e3s|p suopeosse ‘ssoupaledald  dnewp [e30] Usamisg YUM UJp|Iyd ‘eliejew Buiddew J1eWl|d JO S109Y3
pue [ed0] JO 129)45 Snondaju| uswindog buiuiep)  sdiysuonejps asAleue o] pue synpy  sisAjeue |eneds JO sased paynoN  [esodwia) pue [eneds ododwi edujy Yyinos  pabbe Ajjeuoseas
,S9[0J [enpIAIpUl
Jo sjuednddo
a1 buowe
SUOIDRISIUI
apIinb pue
‘saonoeld asayy
ul syuedpued
34} 0} s[04 oD pue
ubisse ‘sadnoeid J9puab usamiag [L€] eouyy ueleyes
[PI20S SulSp SUOIDBUUOD -gns ul Ao1j0d
1041 sweiboud ysijgeiss pue sbueyd srewip
pue ‘sainpadoid SUOIIUSAIIUL DD JO uswiom Jo dAISN[UI-I9pURb
1apuab o1 piebal suonnsul bupjew-uoispap ueay ayy 1e padeid  sdnoub ajgesauna 10} suoneIapIsuod
Yum suonninsul Jo sapijod ‘s9|NJ JO §135, 94 P|NOYS UWom ‘uonejndod siskjeue ERIIIVAVEIENEN [euOnNIASUI
JO SDURWIONS JO sawodINO QY1 :suonMnsu| uonowoid yiesH Aym a1eppne o [SIENED) 1SIUIWISS s)uWINd0Q M3IASI dARIBN  AIUNOD S|OYA -gns Jo ||y «deb ay1 puiy
SIUSWISSISSe
Aljigessuna
10} uonewojul
BuisAjeue ‘sapijod ureyd
uoneidepe anjeA Buluiw ayy
4o uswdojensp 4o sabeis Jusiayip
buiioddns 1e uoneldepe [¢/] edupy yinos
‘KIan0231 I215eSIP D ssauppe ul saluedwod
Buneuipiood ‘Jeis 01 (1D1) ABojouyda Buiuiw pa1dsjes
alnsodxa uopewloyul  HBuowe uoneidepe pue uoNeJIUNWIWOoD WwoJy 8dUapIAg
pue Ayjiqessauna Buiutem Jo abpajmouy ‘uonewuoyul asn :uoneidepe
DD bupnpai 's1215eSIp Buneys ‘Buipooyy 01 sasnoy Buiuiw abueyd arewip
Joy suianed  padnpul-d) oy 10§ SW1SAS AQ usxeuspun |esiesdde pue AB6ojouydan
UOeDJUNWIWOD ssaupasedaid Bujusem Apes sainseaw 2Injesl| uonenjend uoedUNWWOD
ur sabueyd 1)) JO [9AeT] :0J D] Jo asn uonowold yieaH SUIWILISP O sasnoy Bululpy DIPWRISAS SjuaWIND0( SS9USANDYJT  AIuUnod 3joym edljy yinos pue uoneusou|
siabeuew wiey
pue sjosiadns
‘(s13iom
|eanynoioy [£1] Apnis
19Y1eam Sainseaw pue siayiom 2DUINOId 10|id UBDIY LAINOS
SUOIIPUOD uoneidepe Ajnuspl 01 uondNIISUOD 13U1eaM UO Blep UIayLoN ayp Jo sbuipuly
pajejai-1eay Bumas pue Jay1esm pasodxs apispeo) aAnelpuenb pue ‘Aaplaquury ‘(@Anemut SdyHI1OH
WOl SI9NIOM asuodsal |euonednodo -uns 104 Ul buppiom ‘siadoams 199115 SMalAIRIUl Ldap pue JUINOId ayy) a|doad
Joopino 1pa10id  uoneidepe Jo Ul saInseaw suonoe N0Ge SIYIoM Jo  ‘s19BBIp aneIb 6°3) Kioauyy Ul 'SuoIssndSIp Busines Buppom uo s1oedu
01 SUONDY  SDASHRIdeIRYD uopeidepy uoneidepe 1eap  suondadiad suiwex3 SI9YIOM 100PINO papunoIn dnouf sndo4 spoyaw paxiyy  ‘Bungsauueyor ed1Jy YInos abuep ale
salnsesawl spoylawl
SWOdINO  BIBP SWODINQ  UOAUSAISIUI APpMS CIC wie Apms  uonejndod Apnig sisAleuy $32IN0s eleg ubisap Apms Bumas Apnig Anunod a)n spmy

MB3IASI 3} Ul PIPN|UL S3IPNIS JO SDIspeIRY)) | djqel



Page 6 of 16

22

(2019) 15

Chersich and Wright Globalization and Health

SI9U10 01 DD
JO UONEIUNWWIOD

DD UO uolewIoul
0} $I0INQLIUOD

pue jo syusidiai

Se syuapnIs
Jamoduwia 01

MOY PUSWILLIOI3I O}
D UO SaNUNWWOD
J19Y) wiojul

A3y3 usym syuapnis
Joy ssniunuoddo
pue siallleq

a10|dxa 01 ‘asuodsal
pue uIdUod
‘Buipuelsiapun

UOoNRAISSCO
1uedippled
pue SM3IAISIUI JUR

S|[BfS UONEIIUNUILIOD
pue abpajmouy

D ‘UoReIIUNWILIOD
JO aInjeu

‘diysispes| wspnis
‘uonedIuNUIUIoD
pue abpajmouy

D Ul saibojouyda)

M3U JO 3|01
‘D Jo suondadieg

saouirold
ayo [29] Bulag-|om
Ul saAide J0J suoned|dul
UDJe3sal SWOS pue edujy yinos
‘saduinoid wouy sybisut

aded :abueyd a1ewip

I3y pue ,$1USpNIs Uo DD yoeoudde  -uwiojul A3y ‘SMIIA UISISSM pue uo uolewlIoul 0}
uopewliojul D) uo UO UOMLDIUNWILIOD yoieasal -191U] painidnis [BIEN NINZEMY| SI0INQLIUOD pue
UONEDIUNWWOD JO JO saduaNyul 151An2IdIRIUL -IWSS ‘SUOISSNOSIP ‘ade)) uiaise] Jo swaiddal se
uoedIUNWWIOoD D Jo Auend 1d12231 SJUSPNIS  UONREDIUNWIWOD D) al0/dx2 0] swuapNIS AUSISAIUN [eonuD dnoib sndo4 edLJY YINOS  S1UapnIs AUSISAIUN
yoeoidde
painonis
e aAey sapijod
yorym o1 sa16ap (Slomauely
‘AIjigelauinA pue saijod suleIuod [9%7] P2LYY YInos
JO [A9) ‘Aljedpiunwi [edo) ‘9dulnold ododwin
JO Ssaualeme 4283 J0j JUSWNd0p Ul saniiedpiunw
40 uodau Bujuued) (sdaj VEVEN
DD 1suebe sue|d uswidojensg wiouj 358D Y :sue|d
a1ebniw pue pa1esbaiy| JuswdoleAsg
1depe 01 moy Ul pappaqIs ale pa1esbaiy|
uo sjesodoid saibaienis uonebpiw ledpiunw
O S)usWNdop sueid pue pue uoneldepe sishjeue ul saibarens
Aorjod sapijod sdq| ol saijod Jayio ol DD Y21ym 01 1U31X3 Aujedpiunw 1UU0D 30UIN0I] abueyd a1ewlp
Ul 92Uasald oD Jo Auenp DD Jo uoisnpuj DD Jo uoneibay| 2y} 21ebnsanu| e Ul SJUSpISaY yidap uj Sjuswin>0q sisjeue Ad1j04 ododwi edlY Yinos JO uoisnpuj
[€] yoeoudde
sa|qenen DLISWOU0D
|e2160]010319W Y[esH Jo uswied 9|dwis
pue epejew -9 pue dUIA0Id e ey Yinos
u2aM19q Aljesned ododwi ‘a1ua) ‘9oujnold ododuwlr
S3|qelieA pue diysuoneal |013U0D) BlE[R Ul UoISSILISURI)
sased Jo buiwn |ea160j02W ay1 Jo yibuans 1S15832104 JSUIRIN elejew
pue ‘|jejutes buisn sased pue uondalp obuey-wnIpay 1o} 01 JSALP UleW
pue ainjesadwal 9OUIPDUI  eleeWw Uo 1dedull QUIWIRIIP ‘eleeW 211u9) ueadoing 2y} se ainiesadwal
UM UOIR[2LI0D aseasIp Jo yibua| pue wiasAs Jo uonnquisip eliejew SisAleue  !S3DIAISS JDUIPIAN 2DUIAOI] Jo sduenoduwl
elefely Snondayu| awin ay3 1312 Bujuiem Aje3 34} dulwexs o] Yam ajdoad EENIENEI] uedlyy Yinos S21113WOU0DT ododwi edUjY Yinos aAIIe[2J unJ-buo
saInseaw spoylaw
SWOdINQ  B1Ep SWOdINQ  UoRUSAIIUI ApNiS EENR wie Apnis uonejndod Apnis SisAeuy $321N0s eleq ubisap Apnig Bumas Apms Anunod EGIETRIIY

(PaNUHUOD) MIIAR] UL Ul PIPN|DUL SIPNIS JO SDsLId1dRIRY)) | ajqel



Page 7 of 16

22

(2019) 15

Chersich and Wright Globalization and Health

YinoA

pue Ayjedpiunuw
9y) usamiaq
uonoesaul
95e310U| 101095
ssauIsnq [ewoyul
ay1 oul Louaund

[¥8]

S)uSWRMSs uequn
aAnesusbal pue

‘BUIALIYY ‘DAISNPDUL

asuodsal Alunwiwod, 104 sUonepuNo)
uoneidepe Ioj e dNposul 3o130e.d Ul 30UIN0I] Buip|ing :Aoeded
Aioede>  sylomiau pue pue ‘yinoA ueqin 1jIng =g ued Aeded yoeoidde Buidasy adeD uIR1spn 9AlRULIOJSURIY
SAIIBULIOJSURL]L  SMOJ} 92IN0S3 pakojdwaun SAIBWIOJSURIL MOY spoyaw Aliep ‘smainiaul ‘Kujeddiunpy 01 aAndepe
O 510943 puelsiapun UM IO sl Buipjing aJojdxa Aidde o] AunwIWOd ‘YinoA PIXIN aAle)eND Apnis ase) 19n1bIag ed1Jy YInos woly buinopy
S311UN0D
uIayInos pue
|eqo|b usamiaq
Yo1easal
Ul SUOISUS1 yoJessal [001] ¢suonejai
pue 01 sisllieq JO SuleWOp Mmau Jo YINoS—YLoN
'S24N1ONAS a5l a3 Aq paidaye JO 2IN1dNAS 3y}
Yo1easal ud3q sey abpajmou abueyd yoieasal
'S92IN0SaI DD U0 uonenIp paziuebio Jo Bupew JO Splaly mau
yoJeasal uononpoud Sbpajmouy 3y1 Ul adueUIWOP salpnis SM3IAIRIUI op :abpajmou
ul Ayjenba  abpamouy Jo pue bupew DD Joj uonessuab -21d yuoN-ego|b J19puab pue AH JUBWIOUI A3 edU)Y Yinos  Jo Awouoda eqolb
JO JUBWISSaSSY  SDNsLRIdeIRYD -9bpajmouy abpajmouy MOY BUIWEXD O] ‘DD Ul SI9YDIeasay palels SUON PaINIDNIS-IUIS S9Ls 95D A1UNOD SJOYAA  lizeig ‘eljeasny ay1 bupjew-ay
awn
Jan0 pabueyd 2IMINy Ul sass3001d
sasuodsal uopnesauab
959U1 YoIym 0} abpajmouy ANl ed1JY YInos Ul
U313 ‘sybnoip Buidojansp yoy  asuodsas ybnoip
01 513410 SUONEPUSWIWOD3) uo Bupiom 2n1eIal| dlwapede [S/] edyy
pue sisnuaids Sew pue  SIBYIO pue A191D0s ‘SJUBWND0P 4INos uj sasuodsal
‘siayew Aorjod asuodsas ‘3w J9A0 siybnolp AID 'SDIWSPEDR yoeoidde [B2LI01SIY JO 1YBNoIP dAIDIYD
4O asuodsal uoneidepe jo s)ybnosp  asuodsas uoneidepe 01 sasuodsal ‘sjeniyo SPOYIBW  SIsAjeue ‘smalA1ul uofenjeAs  seale paldaye Jo |enusrod
JO SDnsuRIdeIRYD  SDNSHIdRIRYD 03 asuodsay JO 535530014 Sy} 553558 O JUSWIUISAOD PaXIN JURWIOJUI ASY SS9UBANDRY] -ybnoig edUy yinos syl buluibewi-ay
uone|ndod
SIDALID ay) Jo Aeded
3y} ssa1ppe 5|00} uonexdepe ay3
Ad1jod Jo sadAy pue 21nniisesul
1eUM pue ‘sysi ‘Buisnoy SUONEPUSWIWOD3) [+
Se payiuap! Jo Juawanoidwi Aoijod uoneidepe suejd uoneidepe
219m spadse Buipnpul ayew pue suejd uon [B20| pUE ‘a1eWID
Aoijod Aoy pue ‘AljigeIauINA -eydepe a1ewl|d [e20] s91015 uesuelPs
seduwl Yiesy sonpal 9zA[eue ‘sanid-pajy SUWINDOP 2DUINOId pauun ‘eduy Yam sanpo
JO SISALP paiejai Aoljod Jo uanaud Jeyy uoneidepe ) 10} U1 DD o sedwi umo| Jayjo pue sueld adeD) uIR1sap ynos ‘uteds  ur abueyd arewip
-DD Jay1ym DD JO sniels suejd uoneidepy sueld pue sapljod yyeay ybiybiy o aded Jo siuspisay pa1els aUON uonoe ajewid MBIADI dAIIRLIEN ‘'umo] aded  ‘alIyD ‘elfensny  Jo sidadse yijeaH
101235
Yieay sy Joy
sallIAIDe Psuodsal
Kousbisws
pue a3ual|isal 101035 Yijeay
[PIUSWIUOIIAUS pue a1 Joy buipnpul
JIWOUOI0ID0S ‘uopebniw pue [2t] P2y Yinos
10§ SaINSEIW uoneydepe O Uo ul sbueyd s1ewip
Aoijod uonpeidepe SWR1SAS Ya[eay ueld susaWUIRACD Anunod ay) Jo 01 asuodsal
VN DD JO smels 210J suejd pue Adljod ypjesH  [euoneu ayl asAleuy  uoneindod sjoyn pa1e1s aUON SUaWINd0(Q M3IAD) dARLEN  AIIUNOD 3]OUM ed1)y YInos Aoijod JeuoneN
sainseawl spoyaw
SWOdINO  BIBP SWODINQ  UOAUSAISIUI APpMS CIC wie Apms  uonejndod Apnig sisAleuy $32IN0s eleg ubisap Apms Bumas Apnig Anunod a)n spmy

(PaNUHUOD) MIIAR] UL Ul PIPN|DUL SIPNIS JO SDsLId1dRIRY)) | ajqel



Page 8 of 16

22

(2019) 15

Chersich and Wright Globalization and Health

20D

Japuab

pue Anoej} Aq
S)uapNIS AUsIaAIUN
Aq s1oedwil s11 pue

[€9] Asianiun
uedujy yinos
e ]e sjuspnis

Jo Buipuelsispun O Jo buipuelsiapun siskjeue Aq 9sInodsIp
pue abpajmous| pue abpajmous| 91eLeAI] alleuuonsanb 9DUINOIG AyjigesauinA pue
4O [9Aa1 SSSURJEMY  BNDLLIND ALISISAIUN abpamouy DD 9U1 SS9SSR O] SIUSPNIS AUSISAIUN  puUe 1eLRAIUN  ASAINS 10daI-}aS Kaning ododwi edl)y YInos abueyd arewip
salleuuonsanb
aAnelenb [1S] ubreduwey
uoneuswsa|dul pue sAneiuenb UOI1EPOWWIOIDY
sy pue 123foud e SyIomiau siskjeue elep ‘SMaIAIIU 3|gisuodsay ayn
J31je pue foyjod JO SDUBAS|RI UO 10} spoy1W 1uewIoUl pue Ayjediunpy
S1ewlp adeys S9oUeWISA0D SlewID SN0 dYads B Yiim s[eo paxiw A3y ‘swnioy IUIMYBU ]S JO 358D
01 21ueUIRN0D suonnnsul 1oedwi 01 yoeoudde  sdueUISAOD S1P A pue [edpiunw Yam 123foud pue sbunssw UIN0Ig 3yl :yInos [eqolD
}lomisau Jo sapyjod 9oUrUIAOD  3dURUISAOD jioMIDU |e20] JO Sswioy |ed0] ‘sjediyo ydJeasal JO uoneAIaSqO |e1eN NNZemy| 3y} Ul adurUIAAOD
Jo Aujigy JO sawodINO SIOMISN Jo duenodw|  UIAYIP Ajnuspl of 1USWUISA0D) uomy ‘s;uUsWN0Qg Apnis ased UIMYRY D ed1)y YInos S1ewlp [e207
uopnelbayul [69] sa1e18
uoneidepe amgequiiz Jgwaw HAYS
DD pue uondnpal pue eiquiey ulyum uoneldepe
3SU J21sesip ‘eluezue]| abueyd aewd
uoneuLoul ul 3dueulanob ‘pue|izems pue uononpal
Bujuem adeys pue s1ea1d ‘edly S J21sesip
suonesiuebio ‘SIR15eSIp 1ey} JuawuIanob 4nos ‘eiqiwen Joj suonjesiueblo
AVEIITIEYYels) paoNpuFO) uoneldepe sue|d ul uonedo| uone|nbuely Aanns ‘Imejey bupeibaul
Jo uonesbaul oy ssaupaledaid DD pue uondNpas  Jo sapijod Jayio ol I3y} pue sj010e s[epyo pue sisAjeue  SUIUO ‘SMBIAIIUI ‘ledsebepepy 10§ [9pow
4O [9A91 Jo [ona sl J1sesig DD JO uoneibay| au1 a1ebisaAul 0] 1USWIUISA0D Jlewsy | ‘S)USWIN20( SPOYISW PaXIA Businen ‘eUBMSIOg SAIBULIOU VY
7] BOUY YInos
‘aded ula1sapn
QU1 Ul S3IpMS
9sed edpiunw
Do OM) WO
51500 “diysiapes) paules| suossaT
|eonijod ;uoneidepe
ul suoldweyd [9A3] USWUISAOD S1USWIND0pP sbueyd srewlp
|BIUSLUIUOIIAUD asuodsal sue(d [B2O] 1B USMe) 3q ‘SMAIAIRIUI wieansuew
paledipep uoneldepe ueid  Jo sapijod Jay10 OUl 01 UOID. 3|geud Jeyl seaje siskjeue JURWIOUI A3 9DUINOI] 01 SsJuaWUIaAOD
JO 9|0y  JO @dURWIONRd uoneidepe DD DD Jo uoneibaiy 10108} AJuap! o |eD0] JO S1USpISaY RIRLEVIEIVI PaINIONNS-IWSS salpnis ased)  adeD) uIalsap edlJy YINoS  [eD0] $3|qeua 1BYA
sdnoib
3[qeIaUINA
Jo Apeded
aAndepe pue
uonedpied pue uopnesado JUSWISA|OAUI [LOL] yinos
‘UoI1RUIPIOOD ledipiunw pue 1apjoyaxels Jo [eqo|b sy) wouy
1USWIUISA0D s1asse ‘suonendod swioj pue skemyied uoneluswadxe
10} suonedidwi JO @dual|Isal Buluueld ualayip pue saduauadxa
pue sayoeoidde Bunueyus asAjeue pue sand :uopeidepe
uopeidepe asuodsas pue Ayljigesauna sueid pue  sa1y3 ul ssyoeosdde  Aud pue jedpiunw SM3IAIRIUI ERlVINeIK| a1ew|> uequn
BCIENTTY) uonexdepe  Bupnpas ybnoiyy 1D1jod Jay10 0} Bujuueid uoneidepe |BDO] ‘S|eDIYO siskjeue JUBWIOUI A3 [eIEN NINZBMY| edlY Yinos 01 saydeoidde
JO [eUR104  JO @dURWIONRd DD 10 auedaid DD Jo uoneibaiy| S1eWl|D aulwexa o] 1USWIUIBA0D) Dllewsy ] PaINIONIS-ILIBS  SPOYIaW SAIRLeND ‘ueging  ‘elpuj Jopendy ul SUOIeLIBA
[6v] @214y yanos
uoneidepe Jo suones|uebio g0 wouy sybisu
Ssaualeme pue s1afoid Buowe Apeded sjepiyjo juoneidepe
asuodsas uoneidepe O aAndepe ainseaw 01 yoeoidde 1usWUISA0HD ERUNeIF| abueyd aewld
uoneidepe  Jo uonewuswa|dul ueid uoneidepe somawely e Aldde spoylaw pue sOgD ade) ulsyuoN ul suonesiuebio
pUB SSBUSANDRYT  JO 9dUBULOMRd  pue Juswdopasg JO uoneluswa|dw pue dojarsp o] 1USWUISA0D) PIXIN ‘SODN JO A3AINS 42Jeasal dAeWIO4  ‘puejenbeweN elJY YINOS  [eD0] J0) 3[0J 1eYA
salnsesawl spoylawl
SWOdINO  BIBP SWODINQ  UOAUSAISIUI APpMS EENR wie Apns  uonejndod Apnis sisAleuy $32IN0s eleg ubisap Apms Bumas Apnig Anunod a)n spmy

(PaNUHUOD) MIIAR] UL Ul PIPN|DUL SIPNIS JO SDsLId1dRIRY)) | ajqel



Page 9 of 16

22

(2019) 15

Chersich and Wright Globalization and Health

abueyd ajewip DD

9|dwexa
SAIlRIISN||I se pasn
Buipool4 sednoeid

suondsoiad buiuueld asn pue
SaIIUNWIWOD) pue ainidnisesul [1/] eouyy yinos
‘sanuoud ul ‘sasuodsal ‘Bingsauueyor
buuueld onsibiauks ybnoiyy ul uswdojanap
JUSWIUIAAOD) pajuswa|duwl 9 ued uegun yim
‘Buiuueid uequn saoieid uoneidepe SI9pe3| NI} uoneidepe abueyd
pue buipooy asuodsas MOy 210|dxa 0} pue  -NJaxa pue siaxeul 21ew buypuodal
0} sasuodsal uoneydepe jo  sadndeid Bujuued ‘siallleq uoneldepe -Ao1j0d ‘siaxew ur sanijeal
Bujuueid SolsUL10RIRYD ul sa1bIauks adeys 1eyy SJUSWIND0P 30UIN0I] |eonijod :sa1biauAs
WEEIISE] pue uoleydepe $J012B) [ENIX9IUOD | 'SMIAISIUL  SPOYIaW dAeY|fenb Businen uoneidepe
SaIBIDUAS ERV=VeINEN] DD Joasn yieay ueaqin 21e6159AUl O Bujuueid uegin pa1e1s 10N JUBWIOJUI A3 ‘Apnis ased  ‘Bungsauueyor edljy yinos bunsauod

uoneidepe

pue syoedw
uondepe  ajewWI UO YdIeasal [0%] e2UyY YInos
sanseawl Jo snieys ‘saijod Ul S9dUBAPE JUD3) ul uoneydepe
uoneidepe Anunod ayi ul 1ay1o ul Aorjod pue sayoeoidde uonejndod syuswndop A6 pue s1oedw
Jo abues apIm v/ YN Suoye uoneidepy 2D Jo uoneibaiy| 1USLIND M3IASI O] [IENED) pa1els 10N pue suoned||gngd M3IASI dARIRN  AUNOD S|OYA edUjY Yinos abueypd srew|H

Salnseaud spoylawl

SWOdINQ  B1Ep SWOdINQ  UoRUSAIIUI ApNiS EENR wie Apnis uonejndod Apnis SisAeuy $321N0s eleq ubisap Apnig Bumas Apms Anunod EGIETRIIY

(PaNUHUOD) MIIAR] UL Ul PIPN|DUL SIPNIS JO SDsLId1dRIRY)) | ajqel



Chersich and Wright Globalization and Health (2019) 15:22

these respective data sources. While weather data are re-
corded hourly and in small geographical units, [52, 53]
health data are often only available in monthly units and
at district level. Analysing climate data at those resolutions
results in a considerable loss of information and thus
predictive ability. Challenges in collecting health data —
often paper-based — means that these data are often of
poorer quality than climate data, though deficiencies in
climate data are not uncommon in South Africa [12].
Despite these limitations, combining climate and health
data can assist with seasonal forecasting, and early
warning systems for infectious diseases and other
climate-related conditions.

The Infectious Diseases Early Warning System project
(iDEWS) project, involving Southern African and Japanese
researchers, aims to advance all these efforts, and to de-
velop early warning system for a wide range of infectious
diseases, based on climate predictions [54]. Such applica-
tions have been developed to support malaria program-
ming in the country [55], where temporal patterns in
temperature, rainfall and sea surface temperature can
forecast changes in malaria incidence and the geograph-
ical expansion of disease outbreaks [3, 56, 57]. Further, as
shown in a study in Cape Town, close monitoring of am-
bient temperature, can predict spikes in incidence of diar-
rhoeal disease, allowing health services to prepare for rises
in admissions and outpatient visits [9]. Similarly, another
study across several provinces noted that anomalous high
rainfall precedes outbreaks of Rift Valley fever by one
month and that this finding can be used to forewarn epi-
demics in affected areas of the country [58].

In addition to applications around infectious diseases,
health and climate data are analysed in multiple-risk sys-
tems, such as the South African Risk and Vulnerability
Atlas (SARVA) [59]. This spatial database allow for visual-
isation of the drivers, exposures, vulnerabilities, risks and
hazards across different locations. SARVA provides more
than just data outputs, however, and has developed a
range of practical climate services for the agriculture sec-
tor, for example. Additionally, Heat—Health Warning Sys-
tems in the country, based on increasingly sophisticated
meteorological systems, have long lead-times, and can
alert decision-makers and the public of forthcoming ex-
treme heat events, triggering a graded set of pre-specified
actions [52, 60].

While adaptation is classically defined as the ability to
deal with change, it also encompasses the capacity to
learn from it. Doing so requires investments in research
and analytical systems, especially among public health
practitioners. Of concern, a collaboration across several
countries, including South Africa, noted that climate
change and environmental health, in general, have not
been mainstreamed within curricula at medical schools
[61]. The group noted that, given the limited capacity in
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this area, international assistance maybe required to de-
velop curricula and teaching materials. Other studies in
have documented considerable gaps in knowledge on cli-
mate change among university students across disci-
plines and the limited ability of these future leaders to
engage with others on the topic [62, 63]. Overall, the re-
search outputs by South Africa scientists on climate
change has grown (around 600 academic publications in
2015), but only 3%, or about 20, of these publications
make reference to health [64]. Of more concern, a report
of the Lancet Countdown on health and climate change
group, using a narrower search strategy, located only
about 20 papers related to climate change and health in
the whole of Africa in 2017, constituting well under 10%
of the total 300 such papers worldwide [65]. Reviews
have also noted that little interdisciplinary work between
meteorology and health has been done [66]. But, perhaps
most importantly, research investigating the perform-
ance of interventions to reduce the health impacts of cli-
mate change are largely absent [40, 67].

Response to extreme weather events and gradual
increments in temperature
We located only 8 studies applicable to this section of
the review, limiting our ability to provide a comprehen-
sive analysis on the topic at hand. This section covers
disaster preparedness and responses, including of the
health system, and the population groups, occupations
and housing types most vulnerable to heat exposure.
The government of South Africa has developed Disas-
ter Management Frameworks and a National Disaster
Management Centre, [25, 68] whose responsibilities include
directing the country’s responses to disasters and strength-
ening cooperation amongst different stakeholders. There
are, however, concerns that disaster risk reduction systems
operate in isolation from other climate change adaptation
initiatives in the country, rather than drawing on the
strengths of each group [69]. While there are robust ‘Heat
Health’ warning systems in the country, it appears that
actual action plans or responses to heat waves require fur-
ther development [35, 70]. Some steps have been taken to
develop these systems in local government areas and the
private sector. A case study examining preparedness for
flooding in the city of Johannesburg provides useful exam-
ples of potential synergies between the health and other
sectors, but also notes considerable political barriers to
cross-sectoral actions [71]. Another example of prepared-
ness was noted in a report by a mining company that oper-
ates in several parts of the country. The company had
developed substantial information, communication and
technology capacity for risk assessments, and warning sys-
tems for flooding and other climate-related disasters [72].
Efforts to prepare the health system for extreme wea-
ther events or infectious disease outbreaks are hampered
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by weaknesses in health systems, especially in human re-
sources for health in South Africa [28]. The recent expe-
riences with the Listeriosis outbreak, the largest and
longest lasting epidemic documented worldwide to date,
brought these concerns to the fore, in particular the
country’s ability to mount a swift and systematic re-
sponse to disease outbreaks [73]. There were major chal-
lenges in collecting data on patient outcomes during the
epidemic, for example, where the mortality status was
unknown for as many as 30% of affected patients [74].
This outbreak and recent extreme weather events present
many opportunities for learning. It seems, however, that
these learning opportunities are often missed. A review of
the responses to droughts in the country over the past
century found that there have been few attempts to learn
from previous droughts, and that responses to each event
were largely developed de novo, rather than shaped by
long-term planning and lessons from previous similar
events [75].

Several populations groups and geographical areas in
South Africa are especially vulnerable to the impacts of
climate change. The Draft National Adaptation Strategy
in 2017 and the White Paper of 2011, which presented
the South African Government’s strategic vision for an
effective climate change response mentions the import-
ance of placing women and other vulnerable groups at
the centre of adaptation actions. These documents, how-
ever, do not expand on this concept and no evidence
was located on the differential effectiveness of adaptation
interventions among women in the country, and efforts
to specifically tailor adaptation measures accordingly
[31]. This is concerning as many of the health and social
burdens in the country are underscored by harmful gen-
der norms, with, for example, the country has one of the
highest rates of sexual violence worldwide and a very
gendered HIV epidemic [76]. Few studies were located
on adaption in occupational settings, many of which
may become ‘moderate to high risk’ workplaces as tem-
peratures rise [15]. A study in Johannesburg and Uping-
ton (where daily maximum temperatures may exceed 40
°C) found that outdoor workers experienced a range of
heat-related effects [17]. These include sunburn, sleep-
lessness, irritability and exhaustion, leading to difficulty
in maintaining work levels and output during very hot
weather. Aside from commencing work earlier, during
the cooler part of the day, no measures had been taken
to protect the workers, who believed that sunglasses,
wide-brimmed hats and easier access to drinking water
would improve their comfort and productivity. In the
mining sector in South Africa, several studies have re-
ported that workers’ comfort and productivity can be
raised with interventions such as ventilation cooling
[77-79]. Of note, insulation within many hospital build-
ings has been found wanting, but little had been done to
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address the problem [80]. Some hospitals have taken
steps to increase use of natural ventilation to adapt to
temperature increases and as part of efforts to curb use
of air conditioning [81]. Natural ventilation also reduces
transmission of multi-drug-resistant tuberculosis, im-
portant as the country has one of the highest rates of
tuberculosis worldwide [82].

Improvements in specific types of housing, especially
in informal settlements, could reduce the considerable
heat-health impacts of these structures, which include
mortality [18, 19]. We identified several studies on urban
health in South Africa, but these did not extend to docu-
menting the health benefits of energy efficient buildings,
green spaces, public transport, car-free zones and active
transport [71, 83, 84]. Further, many school classrooms
in the country are constructed of prefabricated asbestos
sheeting and corrugated iron roofs or made from con-
verted shipping containers. A study in several parts of
Johannesburg showed that heat-related symptoms are
common in these structures [21]. The authors postulate
that improving these structures would increase comfort
for scholars and could raise educational outcomes.

Discussion
The review sums the body of evidence on climate
change adaptation in South Africa. We note that some
steps have been taken to develop a multi-pronged strat-
egy that cuts across health and other disciplines, and
that helps adapt to the already substantial and future im-
pacts of climate change in the country [42, 85]. Such
steps are being supported by efforts to build the resili-
ence of vulnerable groups, who have limited ability to
adapt to droughts, flooding, changes in biomes and
other events [84]. While key policy frameworks are in
place, it is difficult to gauge whether these have been ac-
tualized at national and local level. Increased efforts to
include civil society advocates, local communities and
the private sector may accelerate progress with policy
implementation. In South Africa, highly-detailed data
are available on weather conditions at very fine spatial
and temporal resolution. Health data generally have
lower resolution and quality. Additional spatial and tem-
poral disaggregation of health information could provide
invaluable data, for example, to help identify critical
heat-stress thresholds in different settings and to moni-
tor the effectiveness of action response plans. In the
meantime, more evaluations, including ‘dry runs’ are
needed of the health aspects of emergency response
plans to extreme weather events [60]. Gaps were also
noted in research infrastructure and in efforts to reduce
heat exposures in some housing types and occupational
settings.

The case study presented here provides useful per-
spectives for other countries in sub-Saharan Africa. Most
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especially, the findings could feed into the work of the
Clim-HEALTH Africa network, which aims to share ex-
pertise, and to inform climate-sensitive policies and plan-
ning across the region [86]. While the network has already
supported the development of several adaptation plans,
the evidence presented here may contribute to future iter-
ations of these plans and other network initiatives.

Strategies for extreme events — and indeed for all in-
terventions related to climate change — need to be in-
formed by an analysis of the implications for those living
in poverty, migrants, women and children, among other
groups. We noted little evidence of specific ‘targeting’ of
adaptation responses to vulnerable groups. There may,
for example, be benefits to specifically targeting women,
as opposed to men, in early warning systems and disas-
ter reduction plans. This approach is supported by evi-
dence that, as with many other social interventions, it is
most effective to distribute relief kits and house building
grants to women [87]. In tandem with other adaptation
initiatives and targeting, the overall functioning of the
health system needs to be fortified, though there is much
uncertainty about how this might be done [88, 89]. The
goal is to ensure that health facilities remain operational
during extreme weather events, serve as places of refuge
and support, and can summon the additional capacity
required to deal with the impacts of extreme events. An
external evaluation of the recent response to the Listeri-
osis outbreak might identify important lessons for im-
proving the response to future outbreaks or extreme
weather events. Potential links between climate change
and that outbreak as well as future outbreaks also war-
rant investigation [73]. The health sector is also respon-
sible for developing and testing heat-health guidelines
for specific settings and populations, such as guidelines
for sports events, which stipulate the temperature
thresholds at which different sport activities should be
cancelled.

Going forward, there are many opportunities to
strengthen data monitoring and surveillance systems on cli-
mate and health. The Lancet Countdown has developed in-
dicators to monitor national-level progress on climate
change in the health sector [90]. Six of these pertain to
adaptation and correspond broadly to the sections of this
paper: 1. National adaptation plans for health; 2. City-level
climate change risk assessments; 3. Detection and early
warning of, preparedness for, and response to health emer-
gencies; 4. Climate information services for health; 5. Na-
tional assessment of vulnerability, impacts and adaptation
for health; and 6. Climate-resilient health infrastructure.
This paper suggests that additional work is required in each
of these areas in South Africa. These indicators — and the
full Lancet Countdown framework — could be used to
benchmark the country’s progress against other nations and
to pinpoint the specific areas requiring attention [91].

Page 12 of 16

Monitoring data could be used to produce annual estimates
of the burden of disease and health costs that would be
averted by more vigorous climate change mitigation or
adaptation efforts [92]. Such disease prediction models have
been used with great effect in the HIV epidemic [93], where
they generated considerable pressure on the government
and international donors to prioritise actions and resource
allocations accordingly. Additionally, given the vulnerabil-
ities of food security to climate change in South Africa,
close monitoring is needed of under-nutrition, agriculture
and marine productivity [14, 94].

An adequate adaptation response is contingent on the
progressive accrual of robust evidence. This, in turn,
depends on earmarked funding for research on climate
change and health, agile and responsive research systems
and, indeed, an adequate number of capacitated re-
searchers. Given the growing attention paid to this field,
high-quality evidence with compelling findings could
rapidly foment policy changes. Moreover, if the quality
and volume of research were raised, it will become pos-
sible to make evidence-based national policies, as in
other health fields. The health sector in South Africa,
with its considerable research capacity, is well placed to
lead such efforts. To achieve this, however, researchers
in other health fields, such as HIV, for example, would
need to take on projects on climate change. As a first
step, it may be useful to convene consultations of ex-
perts in health, the environment and related fields to de-
velop broad plans for taking advantage of opportunities
for cross-learning and action. Some targeted research
funding for joint health and environmental projects on
climate change could have a considerable impact. The
iDEWS project offers an important example of such an
initiative [54]. In the long run, research in this field
could be sustained by allocating more time to climate
change topics in training programmes for health workers
and public health practitioners.

While the review highlights some important findings,
the limited number of papers located suggests that the
country has some way to go to fulfilling its potential
leadership role on the continent, and indeed globally.
One area that health practitioners in South Africa could
lead on is the promotion of a ‘meat tax; given their pio-
neering work on the ‘sugar tax’ [95]. Curbing the intake
of ruminant meat is a key climate change mitigation
strategy and would lower cancer risks, among other
health benefits [96]. This is important in South Africa,
where an estimated total of 875,000 tons of beef are con-
sumed annually [97], producing 648 gigagrams of me-
thane [98]. The principal arguments for a sugar tax — and
indeed for tobacco and alcohol taxes — hold for ruminant
meat: harm to self and others, and the considerable cost
burdens on broader society [99]. In this case, the harms
are mediated through environmental destruction, a
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change in climate and cancer, amongst others [95].
Such policies are, however, likely to be vigorously op-
posed by the meat industry in South Africa, and public
health and environmental and social justice experts in
the country will need to rally together [26]. Bringing to-
gether the complementary skills of these experts has
the potential for powerful synergies and for drawing
additional researchers into the climate change and
health arena. Similarly, broadening the scope of climate
change adaptation to encompass existing programmes
that have an indirect impact on climate change adaptation
would also increase the number of climate adaption
workers. This would also assist in mainstreaming climate
change into existing health programmes, and highlight
additional ways that the health sector has successfully
responded to the problem. Increased attention to these
successes might demonstrate the extent to which the sec-
tor is leading the field and its potential contribution to
overall adaptation efforts in the country.

The study has some limitations. The limited number
of papers included in the review (n = 22) and the hetero-
geneous nature of the evidence constrained our ability
to draw overall conclusions about the adaption response
to date. Likely many additional studies on the topic are
published in grey literature sources or unpublished and
would thus not be in our search. Moreover, the search
would not have located studies of interventions by the
health sector that indirectly reduce the impact of climate
change, but have not been framed as such. These inter-
vention may include socio-economic initiatives that
build financial resilience of households, improvements
in housing and control of infectious diseases.

Conclusion

In fact, explicitly framing existing programmes that have
an indirect impact on climate change adaptation as con-
tributing to climate change adaptation.

The review highlights several important gaps in adap-
tation practices. While policy and planning frameworks
for climate change at national, provincial and local level
do make mention of health priorities, the health sector
does not yet appear to be viewed as an essential platform
for adaption measures, and health concerns appear to be
accorded low priority. We did, however, note several im-
portant examples of health sector involvement in adap-
tation initiatives within local area government and in
occupational settings. Importantly, there have been few
rigorous evaluations of the effectiveness of actual inter-
ventions on climate adaptation for the health sector;
most studies are descriptive in nature. Perhaps the lar-
gest knowledge gap is evidence around the effectiveness
of disaster management systems and the level of pre-
paredness of these systems for extreme weather events.
The lack of studies on that and other topics may reflect
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the nascent nature of the field and that the priority given
to climate-sensitive conditions in training for health
workers and public health practitioners has not reflected
the present and future burden of these conditions.

Clearly, interventions targeting the direct impacts of
climate change need to occur in tandem with actions to
shore up the resilience of the population and health sys-
tem. Many health sector initiatives targeting those areas
already contribute to climate adaptation, albeit indirectly
so. Highlighting the successes of these initiatives and ex-
plicitly framing them as part of climate adaptation could
mainstream climate change into existing programmes and
provide examples of the ways in which the country is
already successfully responding to the problem. Reframing
in this manner may generate the leadership and momen-
tum necessary for making rapid advances in this field.

Indeed, increased health sector leadership and lobby-
ing may prove pivotal in advancing the adaptation field
per se. The explicit framing of climate change adaptation
and mitigation as critical to protecting the health of the
nation may secure a more vigorous policy and program-
matic response by government, and strengthen the en-
gagement of civil society and communities [36]. Health
could be placed firmly at the centre of policies for cli-
mate change adaptation and mitigation. Equally, effective
leadership would mainstream climate change consider-
ations into all policies for health [37]. High-quality re-
search, involving a range of disciplines and backed by
local and international funding, could go a long way to
securing these changes.

While the country has led the way globally in HIV and
several other arenas, it has yet to fully assume a leader-
ship role in this field. With increased focus, the health
sector could use its considerable influence to advocate
for policy change and improved climate governance: it’s
time for health to take a lead.
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