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South Sudan is at risk from the impact of climate change. This paper reviews the climate change issues faced by South
Sudan, and the strategy as outlined to the United Nations. The author argues that the policy overlooks a key potential
cause of future morbidity and mortality: increased ambient temperatures, particularly in urban centres due to the urban
heat island effect. The capital is especially susceptible to heat-related mortality as it faces a ‘triple threat’: rapidly rising
temperatures, an at-risk population profile, and inadequate planning for the pressures of urbanisation. Four low-cost,
evidence-based recommendations are given to mitigate the impact of heatwaves on human health, and it is concluded
that South Sudan has great potential to become a regional leader in heat resilience.
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INTRODUCTION
South Sudan is one of the five countries deemed to be
most vulnerable to the impact of climate change. [1] This
paper will discuss the country’s climate challenges and
review its climate change strategy. The effects of increased
urban temperatures on human health will be considered
and it will be argued that Juba is especially susceptible
to significant heat-related mortality given its climate,
vulnerable population, rapid urbanisation, and limited
urban planning. Four low-cost, evidence-based, actionable
recommendations to improve Juba’s heat resilience in
anticipation of rising temperatures are proposed.
CLIMATE CHANGE CHALLENGES TO
HUMAN HEALTH
South Sudan is particularly vulnerable to climatic
variability. Most citizens are dependent on rain-fed
subsistence farming for their livelihoods. Summer rains
have already decreased by over 20% in the past two
decades. [2] The risk from both drought and flooding are
projected to increase with climate change, reducing food
security and promoting the spread of water-borne diseases
such as cholera. [3] Indeed, studies from the East African
region suggest that climate change will increase the risk
of various infectious diseases, including Rift Valley Fever,
Ebola Virus Disease, meningococcal meningitis, and
trypanosomiasis. The effect of climate change on malaria
is debated. Evidence suggests that global warming will
lead to a geographical shift in hyper-endemic regions from
West to East Africa, and malaria incidence will increase in
mountainous regions which previously were at low-risk.
These findings are relevant to South Sudan, which is in
the path of the West to East shift and has mountainous
regions to the south. [4]
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CURRENT MITIGATION AND ADAPTATION
MEASURES
South Sudan is a signatory to the Paris Climate Change
agreement and in 2017 delivered its National Adaptation
Program of Actions (NAPA), [5] which built on the 2015
Intended Nationally Determined Contribution (INDC)
to the UN Framework Convention on Climate Change
(UNFCCC).
Due to conflict, and lack of technical and economic
resources, South Sudan has not produced data concerning
greenhouse gas emissions. It is estimated that per capita
emissions are low as only 1% of the population has access
to electricity. [6] Thus, the focus of NAPA and the INDC
was on sustainable development and adapting to climate
change. NAPA set out four key policy areas:
1. Protection of South Sudan’s forests, promoting
agro-forestry, reforestation, and developing
protected nature reserves;
2. Implementation of water resource management,
with development of infrastructure (reservoirs and
irrigation and sanitation systems);
3. Promotion of ‘climate-smart’ agricultural practices
e.g. drought-resilient crops and livestock;
4. Disaster risk reduction through capacity-building
for weather prediction and creation of early
warning systems.
However, political instability and conflict have hampered
progress. [3] As of 2018, South Sudan still has no national
forestry policy, hydroelectric development efforts have
stagnated, and the risk of famine remains high.
24

MAIN ARTICLE

Figure 1. Urban development in Juba (© Rachel Ayrton)

HEAT-RELATED ILLNESS IN URBAN
SOUTH SUDAN
Juba is South Sudan’s commercial and political capital,
with an estimated population of 365,000. [7] In recent years,
Juba has seen an influx of migrants seeking employment
and educational opportunities and/or driven from rural
areas by crop failures and famine. [8] Rapid urbanisation,
combined with political instability and under-resourcing,
has led to poor urban infrastructure and city planning (see
Figure 1).
Juba is at the centre of a ‘triple threat’ of heat-related
illness: it is warming at 0.40C per decade (more quickly
than almost anywhere else on earth) [2]; it is home to a
vulnerable population that is ill-equipped to adapt to
increased temperatures; it is undergoing rapid unplanned
urban expansion. The urban heat island effect causes
cities to experience higher temperatures for longer periods
relative to rural areas. A significant gap in South Sudan’s
climate change policy is that it does not outline how the
urban built environment should be planned to mitigate
the detrimental effect of heat on human health.
Juba’s average temperature ranges between 26–320C.
Temperatures above 310C are related to increased
mortality. [9] There are currently no data regarding heatrelated illness in South Sudan, but evidence from subSaharan Africa suggests increased mortality with increasing
temperature for children under five and adults over 65.
[10, 11]
The World Health Organization predicts that
(without adaptation) heat-related deaths in East Africa
from over 65s will exceed 13,000 per year by 2050. [12]
Young children have under-developed thermoregulation
systems and are at greater risk from high ambient
temperatures. Heat and diarrhoeal diseases compound the
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risk of dehydration. Hence, Juba’s under-five year olds
are especially vulnerable to the heat threat. The burden of
heat-related mortality also falls disproportionately upon
women, the uneducated, and the poor [13] which highlights
the issue of health inequality.
Evidence from other sub-Saharan capital cities suggests
that informal settlements, typically seen in rapid
urbanisation, are especially susceptible to heatwaves. [14]
Therefore, it is imperative that government agencies act
now to implement heat-resilient urban planning policies.
RECOMMENDATIONS
Urban parks
The area surrounding Juba is verdant close to the White
Nile. Urban green spaces and trees are known to reduce
urban temperatures. [15] Partner organisations have
identified suitable areas for grassland and ‘green corridors’
in Juba and its surroundings. [16] Parks in Addis Ababa
have been shown to mitigate the urban heat island effect.
Thus, creating designated parks in the plentiful green
space around Juba now would significantly increase the
heat resilience of the city as it expands. There is evidence
that access to green spaces reduces health inequalities. [17]
With the creation of urban parks, there must also be an
effort to promote reforestation with urban trees. These
are highly effective in improving air quality by reducing
air pollution. [18] In the absence of an enforced limit
on emissions, reforestation offers a low-cost measure
to reduce the exposure of the urban population to air
pollutants. In its post-conflict reconstruction, Rwanda
has become a global leader in reforestation – South Sudan
could demonstrate similar leadership in this area.
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Cool surfaces
South Sudan has few paved roads. Surfaced roads are a
necessity for efficient transport but asphalt contributes
significantly to the urban heat island effect. This provides
the opportunity to pave urban areas using new, resilient
materials that reflect heat and are more durable than
asphalt. As a first step, the simplest measure to reduce the
temperature of a city is to paint its surfaces (in particular
roads and roofs) white. A further measure is to implement
‘green roofs’ (roofs of vegetation), which have been shown
to reduce nocturnal ambient temperatures by up to 30C.
[19]
These are most effective in low-rise buildings (under
2.5m). There is a knowledge gap when implementing
green roofs in the developing world. This offers an
opportunity for South Sudan to become a leader in these
initiatives.
Bluespace
Juba’s proximity to the White Nile can be harnessed
to divert cooling water, to create canals and ‘bluespace’
within the city. Urban water can work with parks and
trees to enhance further cooling. Indeed, meta-analysis
has shown that urban bluespaces may reduce temperatures
by up to 2.50C. [20] South Sudan has already committed to
building canals and waterways as part of its water resource
management strategy and should be extended as part of its
heat resilience strategy.
Cooling centres
Air conditioning is protective from heat-related morbidity
and mortality. It is not feasible (and indeed undesirable)
for all buildings in Juba to have air conditioning. It has
been suggested that ‘cooling centres’ should be set up so
the most at-risk – those with chronic diseases and those at
extremes of age – may shelter in times of extreme heat. [21]
Air conditioning units generate heat and typically rely on
fossil fuels and therefore should not form the centrepiece
of a city’s heatwave strategy. Nonetheless, designated
public air-conditioned spaces in Juba, accessible to the
most vulnerable sections of society, would provide an
effective and equitably mortality-reducing measure if
implemented in addition to other recommendations.
CONCLUSION
Sub-Saharan Africa will disproportionately shoulder
the burden of extreme heat events caused by climate
change. This review has argued that increases in ambient
temperature, driven by global warming, pose a significant
and inequitable threat to the health of the South
Sudanese living in urban centres. Four evidence-based
recommendations have been offered. South Sudan can
leverage its existing development links to build local urban
planning capacity and ensure that further urbanisation is
heat-resilient. The upcoming partnership with Moroccan
and South Korean agencies planning the construction
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of a new capital at Ramciel [22] offers an opportunity for
the country to become a regional leader in climate-smart
urban strategies.
References
1. Verisk Maplecroft. Climate Change Vulnerability
Index 2017 [online]. November 2016. http://
reliefweb.int/sites/reliefweb.int/files/resources/
verisk%20index.pdf
2. Funk C, Eilerts G, Verdin J, Rowland J, Marshall
M. Fact Sheet 3072: A Climate Trend Analysis
of Sudan. US Geological Survey [online]. 2011.
http://pubs.usgs.gov/fs/2011/3072/pdf/FS20113072.pdf
3. United Nations Environment Programme. South
Sudan: First State of Environment and Outlook
Report [online]. May 2018. http://hdl.handle.
net/20.500.11822/25528.
4. Ruppel IOC, Abdrabo MA, Essel A, Lennard C,
Padgham J, Urquhart P. Africa. In: Barros VR,
Field CB, Dokken BJ, Mastrandrea MD, Mach
KJ, Bilir TE (eds). Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Contribution
of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge,
UK and New York, NY: 2014, pp. 1199-1265.
5. UN Environment Programme, South Sudan
Ministry of Environment. Republic of South
Sudan: National Adaptation Programmes of
Action (NAPA) to Climate Change [online]. 2016.
http://hdl.handle.net/20.500.11822/17757.
6. USAID. Greenhouse Gas Emissions in South Sudan
[online]. November 2016. www.climatelinks.org/
sites/default/files/asset/document/2017_USAID_
GHG%20Emissions%20Factsheet_South%20
Sudan.pdf.
7. National Bureau of Statistics. Population
Projections for South Sudan by Payam: From 2015
– 2020 [online]. April 2015. www.ssnbss.org/sites/
default/files/2016-08/population_projections_
for_south_sudan_by_payam_2015_2020.pdf.
8. Moses LAB, Guogping X, John LCL. Causes
and Consequences of Rural-Urban Migration:
The Case of Juba Metropolitan, Republic of
South Sudan. IOP Conference Series: Earth and
Environmental Science. 2017; 81: 012130.
9. McMichael AJ, Wilkinson P, Kovats RS, Pattenden
S, Hajat S, Armstrong B, et al. International study
of temperature, heat and urban mortality: the
‘ISOTHURM’ project. International Journal of
Epidemiology. 2008;37(5): 1121–1131.
26

MAIN ARTICLE
10. Kynast Wolf G, Preuß M, Sié A, Kouyaté B,
Becher H. Seasonal Patterns of Cardiovascular
Disease Mortality of Adults in Burkina Faso, West
Africa. Tropical Medicine & International Health.
2010; 15: 1082-1089.
11. Egondi T, Kyobutungi C, Kovats S, Muindi K,
Ettarh R, Rocklöv J. Time-series Analysis of
Weather and Mortality Patterns in Nairobi’s
Informal Settlements. Global Health Action.
2012; 5:23-32.
12. World Health Organization. Quantitative risk
assessment of the effects of climate change on
selected causes of death, 2030s and 2050s. World
Health Organization, Geneva: 2014.
13. Stafoggia M, Forastiere F, Agostini D, Biggeri
A, Bisanti L, Cadum E, et al. Vulnerability to
Heat-Related Mortality: A Multicity, PopulationBased, Case-Crossover Analysis. Epidemiology.
2006;17(3): 315–323.
14. Scott AA, Misiani H, Okoth J, et al. Temperature
and heat in informal settlements in Nairobi. PLoS
One. 2017; 12(11): e0187300.
15. Akbari H, Pomerantz M, Taha H. Cool surfaces
and shade trees to reduce energy use and
improve air quality in urban areas. Solar Energy.
2001;70(3); 295–310.
16. Japan International Cooperation Agency. Juba
Urban Transport Infrastructure and Capacity
Development Study in the Southern Sudan: Final

27

Report [online]. December 2007. http://open_
jicareport.jica.go.jp/pdf/12002036_02.pdf.
17. Mitchell R, Popham F. Effect of exposure to
natural environment on health inequalities:
an observational population study. Lancet.
2008;372(9650): 1655–60.
18. Nowak DJ, Crane ED, Stevens JC. Air pollution
removal by urban trees and shrubs in the United
States. Urban Forestry & Urban Greening.
2006;4(3): 115–123.
19. Santamouris M. Cooling the cities – A review of
reflective and green roof mitigation technologies
to fight heat island and improve comfort in urban
environments. Solar Energy. 2014;103: 682-703.
20. Völker S, Baumeister H, Claßen T, Hornberg
C, Kistemann T. Evidence for the temperaturemitigating capacity of urban blue space – a health
geographic perspective. Erdkunde: Archive for
Scientific Geography. 2013; 67(4): 355–371.
21. O’Neill MS, Carter R, Kish JK, et al. Preventing
heat-related morbidity and mortality: New
approaches in a changing climate. Maturitas.
2009;64(2): 98–103.
22. South Sudan Plans to Build New Capital in Former
Game Park. The New York Times [online]. 15
November 2018. https://www.nytimes.com/
aponline/2018/11/15/world/africa/ap-af-southsudan-new-capital.html.

South Sudan Medical Journal Vol 12 No 1 February 2019

