
K
n

o
w

le
d

g
e 

fo
r

 a
d

a
pt

at
io

n
 s

er
ie

s
: 

2

Status quo (2008) and future (2050) 
for southern Africa

sYntHesis report

Climate Risk and 
Vulnerability Mapping 

regional CliMate CHange prograMMe soUtHern afriCa noVeMBer 2011

s. J .e .  Midgley
r.a.g. davies
s. Chesterman





  K
n

o
w

le
d

g
e 

fo
r

 a
d

a
pt

at
io

n
 s

er
ie

s
: 

2

Climate Risk and 
Vulnerability Mapping

Status quo (2008) and future (2050)  
in southern Africa

s. J .e . Midgley

r.a.g. davies

s. Chesterman

regional CliMate CHange prograMMe soUtHern afriCa noVeMBer 2011



OneWorld  •  2nd Floor  •  4 Church Square  •  Spin Street  •  Cape Town  •  South Africa  
Tel: +27-21-818-2900  •  Fax: +27-866-739-437
info@oneworldgroup.co.za  •  www.oneworldgroup.co.za  •  www.rccp.org.za

reCoMMended Citation
Midgley, S.J.E., Davies, R.A.G. and Chesterman, S. 2011. 
Climate Risk and Vulnerability Mapping in Southern Africa: 
Status quo (2008) and future (2050). For the Regional 
Climate Change Programme for Southern Africa (RCCP), 
UK Department for International Development (DFID). 
OneWorld Sustainable Investments, Cape Town.

aCKnowledgeMents:
For Phase 1 (first version status quo), the following 
people are thanked: Michelle Wienhold completed 
metadata on all the data sources for the geodatabase. 
Andy Nelson and Uwe Deichmann kindly directed us 
to the best available datasets on human population 
density in Africa, and access to markets (traveltime) 
data. Nishadi Eriyagama of the International Water 
Management Institute in Sri Lanka (IWMI) very kindly 
supplied the summarised data for the coefficient of 
variation in inter-annual rainfall and this saved us many 
grid manipulations. Theo Kleynhans and Anton Kunneke 
from the Faculty of AgriSciences at Stellenbosch 
University helped us with useful contact information and 
data sources.
For Phase 2 (updated status quo and future), the 
following people are thanked: Data for irrigation 
potential were kindly supplied by Liang You of IFPRI. 
Copenhagen University provided a dataset showing 
taxa richness patterns for 4144 vertebrate species 
across sub-Saharan Africa. Neil Burgess of WWF kindly 
provided comparable data on vertebrate taxa richness 
in Madagascar and other unrepresented areas. For 
the forest loss analysis, we thank Dr Valerie Kapos 
at WCMC and Dr Matthew Hansen at Geographic 
Information Science Center of Excellence – SDSU for 
their assistance.
Advice on the choice of GCMs and scenario used for the 
rainfall projections was given by Dr Guy Midgley (SANBI, 
South Africa), Dr Carlo Buontempo (Meteorological 
Office Hadley Centre, UK) and Dr Geert Jan van 
Oldenborgh (Royal Netherlands Meteorological Institute 
KNMI). Dr van Oldenborgh also generously provided 
advice on the extraction of datasets from the Climate 
Explorer website. We are very grateful to Drs Philip 
Thornton, Peter Jones and colleagues (ILRI, Kenya) for 
allowing us to incorporate their findings on projected 
losses in crop production areas.

the regional Climate Change programme 
southern africa (rCCp)
The RCCP aims to contribute to the achievement of 
southern Africa’s climate change adaptation needs, 
socioeconomic development and poverty alleviation 
objectives, including the Millennium Development 
Goals.
By synthesising the relevant climate change science, 
developing strategic research and strengthening 
science-policy-governance-finance dialogue, the 
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Development Community (SADC) partners on the 
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participation in globally funded adaptation projects 
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outputs, the first of which focuses on the scientific 
basis for understanding climate change impacts in 
southern Africa. 
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Many parts of southern africa are presently highly vulnerable to climate variability and climate-
related shocks. 

Climate vulnerability is the degree to which a system is susceptible to, and unable to cope with, adverse 
effects of climate stress. In the southern Africa vulnerability arises from poverty and limited livelihood 
options, high reliance on rainfed agriculture and natural resources, widespread food insecurity, a high 
burden of disease, and other forms of human insecurity. Thus, under-development is a major driver of 
vulnerability of systems and population sectors – climate change is an additional stressor. Climate change 
is likely to exacerbate existing vulnerability and also lead to new emerging vulnerability.

evidence-based tools for application in national and regional climate change strategy, and policy 
development and climate adaptation decision making are urgently required in southern africa. 

Risk and vulnerability mapping can provide one such tool by distilling and visually presenting key 
messages arising from complex interactions between biophysical and socioeconomic drivers of climate 
vulnerability. Through this approach, areas of differential vulnerability can be spatially disaggregated, at 
both sub-national and transboundary scales. It appeals to policy makers by being relatively insensitive to 
uncertainties inherent in the climate modeling approach, and by being well aligned with policy priorities, 
namely those relating to people (e.g. reducing poverty) and the economy.

Climate risk and vulnerability maps for the southern africa highlight ‘hotspots’ of current and 
future climate-related vulnerability, many of which transcend national boundaries. 

Maps were developed using indicators representing the components of vulnerability: exposure to climate 
variability and extremes (current and future - 2050), sensitivity to such exposure leading to impacts 
(exposure + sensitivity = impacts), and capacity to adapt to the impacts (impact + adaptive capacity = 
vulnerability). Fifty-one data layers were used, mapped at 1 km2 resolution across the southern Africa. 
The focus was on geospatial indicators for agriculture, water, food security, human health and ecosystem 
services. ‘Hotspot’ regions broadly aligned with climate and land use systems are evident across political 
boundaries, but moderated by socioeconomic and governance factors at national level.

the current band of high exposure, between about 12° and 25°s, is projected to extend south to 
about 30°s and into the north-western parts of the southern africa by mid-century. 

Areas of worsening impact include eastern and northern Angola, parts of the Democratic Republic of 
the Congo (DRC), southern Malawi, the highveld of South Africa, parts of Madagascar, and southern and 
western Zambia. The amelioration of exposure in northern Mozambique is partially attributable to the 
projections of increasing rainfall.

regions of current high climate vulnerability are likely to remain highly vulnerable into the future 
unless adaptive capacity can be substantially improved. regions which indicate development of 
hitherto unknown vulnerability require specific attention. 

Currently, climate vulnerability is highest in a large ‘hotspot’ in the east-central part of continental 
southern Africa (Mozambique, Malawi, Zimbabwe, Zambia) with other ‘hotspots’ in Lesotho, Swaziland, 
south-western Angola, north-central Tanzania, and Madagascar. Climate- and population-driven future 
vulnerability is likely to remain high in most of these areas, but significant extension and intensification 
of ‘hotspots’ could emerge across southern and central Angola extending into western Zambia, and large 
parts of southern and western DRC.



V

Climate risk and vulnerability is high across many of the most productive agricultural regions of 
southern africa, characterised by high reliance on rainfed agriculture and rapidly rising population 
densities. 

Raising agricultural production to supply a growing demand for food will become more challenging 
unless adaptive capacity in this sector is significantly stimulated, for example through the development 
of suitable and affordable technologies. Areas of high productive potential and apparently higher 
climate resilience, coupled with potential access to local and regional markets, should be investigated 
for development as stable future food baskets for the region. Growing populations that remain highly 
vulnerable or become even more so under climate change are more likely to turn increasingly to natural 
resources for food and income, and/or to compromise sustainable land use practices. Improved natural 
resource and land use management will become critically important in the most vulnerable areas. The 
maps indicate which areas are likely to suffer rapid declines in resource availability per person. Regional 
strategies and policies do not yet sufficiently incorporate these projections.

adaptive capacity is strengthened by potential access to water resources; differential vulnerabilities 
within river basins must inform water resource management and adaptation planning within 
national and regional development contexts. 

Southern Africa is characterised by large multicountry river basins – their water flows should be equitably 
shared to benefit all and especially the populations in the most vulnerable sub-basins, for purposes 
of development and adaptation. The maps indicate differential vulnerabilities within transboundary 
river basins. SADC is making good progress towards developing institutions and policies to support 
transboundary integrated water resources management in the face of climate change, but this requires 
further political commitment, investment, research and institutional strengthening.

increasing vulnerabilities of some countries will drive increasing migration to more resilient regions 
(mostly southwards). 

Current flows of environmental refugees and migrants within the region are likely to intensify, particularly 
during and following climate-related disasters. This will demand pro-active responses from both sending 
and receiving countries. Human security and conflict management could become increasingly important 
regional priorities. SADC does not currently have the high level political engagement, institutions, policy 
frameworks and supporting data and monitoring programmes to manage any significant impacts of 
climate change on regional security.
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southern africa is characterised by widely divergent climate systems, natural resources, plant and animal life.  

Human economic systems have to adapt to a variety of conditions. woman and girls carrying water to laikala Village, 

Kongwe district, dodoma region, central tanzania
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Decades of past research and ongoing research efforts 
into understanding the current and future impacts of 
climate change across the world and in various sectors 
sends a clear message: the poorest and least developed 
countries, and the poorest people in those countries, 
are the most vulnerable to climate-related risks (IPCC, 
2007a). Southern Africa is one such region, considered 
to be highly vulnerable (Boko et al., 2007). It is generally 
over-reliant on rainfed agriculture for food production 
(IAASTD, 2009), livelihoods are largely based on natural 
resources which are strongly affected by climate change 
(Scholes and Biggs, 2004), it has large poor rural 
populations (United Nation, 2011), relatively undiversified 
economies, poorly developed infrastructure, and lack of 
public and private resources to deal with poverty and 
shocks. Most of the southern Africa is expected to become 
warmer and suffer from increased rainfall variability, more 
heavy rainfall events and floods, and more frequent dry 
spells and droughts. Nevertheless, the scientific basis 
required for policy development and decision making at 
regional, national and local levels is poor. Scientifically 
robust and context-relevant information is required that 
will allow policy makers and planners to make informed 
choices on how they might respond to the way climate 
change will impact on local populations and livelihoods. 
There is a need for this response to be greatest in areas 
likely to be hardest hit by climate change.

Despite the above-mentioned widely shared 
vulnerabilities, southern Africa is not uniform; it is 
characterised by widely divergent climate systems, 
natural resources (soils, water), plant and animal life 
and ecosystems, farming and other land use systems, 
social systems, and economic strengths and weaknesses. 
Assessing the vulnerability of this vast region to climate 
change must take into account these spatial differences 
in an evidence-based and integrated manner. For example, 
arid environments are not necessarily vulnerable if social, 
economic and governance factors are strong, whereas 
climatically conducive environments can be highly 
sensitive to rapidly increasing population pressures 
and detrimental land management, rendering them 
vulnerable to climate change. Adaptation planning should 
be as spatially explicit as possible, thus ensuring that the 
focus is trained on natural and human systems most in 
need of strengthening. In the regional context, tools are 
also required to identify transboundary systems (e.g. river 
basins) sharing common vulnerabilities. This opens up 
opportunities to guide a regional or at least bilateral or 
multilateral focus on adaptation and greater potential 
access to significant finance.

Some excellent conceptual and applied work has 
emerged in the fields of climate change vulnerability 
and adaptation (Vincent, 2004; Adger, 2006; Füssel 
and Klein, 2006; Smit and Wandel, 2006). However, 
it has been challenging to convert conceptual and 
qualitative approaches into a quantitative index of 
vulnerability (Hinkel, 2011). Nevertheless, indicator-based 
geographically disaggregated vulnerability mapping 
based on robust datasets has the potential to distil 
those regions most impacted and/or least able to help 
themselves in the face of shocks and adapt to changing 
climatic patterns. Thus, despite its stated limitations, it 
was chosen in this study as the most expedient practical 
method of gaining a broad brush overview map. Climate 
risk and vulnerability mapping has been conducted for 
Africa (Thornton et al., 2006; Busby et al., 2010), South 
Africa (Gbetibouo and Ringler, 2009) and elsewhere 
(Metzger and Schröter, 2006; Yusuf and Francisco, 2009; 
Heltberg and Bonch-Osmolovskiy, 2011). The two Africa-
wide studies were targeted at specific sectors (agriculture 
and security, respectively). 

The field of climate change is rapidly entering a new 
phase in southern Africa and other developing regions; 
early adaptive action to contain the impacts of climate 
change, which are already evident across the region, 
is urgently required. This cannot wait for long-term 
results from scientists, especially in Africa where the 
science is seriously under-resourced, so that a parallel 
but symbiotic approach is necessary; as the science 
develops and starts to chisel away at uncertainties, tools 
based on the best currently available science need to 
be made available to policy makers and funders, in a 
manner that allows for climate compatible development 
planning and implementation to proceed without further 
delay. This process will in turn inform the scientific 
needs. At the same time, the multilateral climate change 
negotiations continue, not always sufficiently informed 
by good science. Often this is attributable to clear key 
messages not reaching the negotiators. Whereas some 
negotiating blocks, such as the small island developing 
states (SIDS) have drawn heavily and successfully on data 
and analysis, Africa lags in this respect. International 
negotiations outcomes lead directly to climate finance 
development. A clear concept of finance needs, including 
a spatial understanding of the neediest populations 
(Wheeler, 2011), would help to improve southern Africa’s 
climate finance absorptive capacity.

This study was undertaken as part of the research 
component of the Regional Climate Change Programme 
(RCCP) for southern Africa (SADC member states), funded 

1. Background
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by the UK’s Department for International Development 
(DFID). The RCCP being a regional programme, the main 
purpose of this study was to geographically identify and 
raise awareness around transboundary vulnerability 
‘hotspots’, and to ascertain whether there is a strong 
science-based argument for regional policy development 
and adaptation responses, transcending national interests. 
The intention was not to suggest exact locations of 
interventions, or propose specific adaptation options, but 
rather to provide a geographical guide and starting point 

for regional debate towards building consensus around 
priorities. Although the paper describes the conceptual 
and technical approaches to compiling GIS-based climate 
change vulnerability maps, the primary objective is to 
take this mapping to the next level by presenting evidence 
that vulnerability mapping can provide a powerful tool 
in a toolbox of approaches to assist with the process of 
translating science into policy and finance readiness in a 
developing region.

poorly developed infrastructure and a lack of resources disempower communities in the face of climate shocks.  

a flooded village in the salima district of southern Malawi.

©
 Ja

m
es

 C
um

m
in

g/
O

ne
W

or
ld



3

2.1 Vulnerability model
In this study, the widely accepted working definition of 
vulnerability to climate change of the Intergovernmental 
Panel on Climate Change (IPCC) was used; “the degree 
to which a system is susceptible to, and unable to cope 
with, adverse effects of climate change, including climate 
variability and extremes. Vulnerability is a function of the 
character, magnitude, and rate of climate change and 
variation to which a system is exposed, its sensitivity, and 
its adaptive capacity” (IPCC, 2007b). The assessment of 
vulnerability then includes measures of exposure to the 
climate-related risk factors and sensitivity to these factors 
(“the degree to which a system is affected, either adversely 
or beneficially, by climate variability or change”), together 
comprising the potential impact of such risks, and the 
capacity of a system to adjust and respond to those risks 
and their consequences (Figure 1). Its general acceptance 
means that this model has been used in most vulnerability 
mapping studies thus far and this allows for cross-
validation between independent studies.

figure 1: the components of vulnerability.

Whilst the exposure and sensitivity components of 
climate vulnerability are more readily conceptualised and 
quantified, adaptive capacity poses greater conceptual 
complexities and assumptions (Smit and Wandel, 2006). 
Adaptive actions occur across wide-ranging social scales, 
from the individual and household level to national level, 
and extending to regional and global level. They relate 
to risk perception and management, and are informed 
by complex inter-relationships between physical (e.g. 
technology and infrastructure, natural resources which 
support adaptation), financial, human (e.g. health, 
education/skills) and social (e.g. cohesion/exclusion, 

institutions) factors - often termed ‘capital’. Social and 
economic inequality and poverty are important underlying 
drivers of low adaptive capacity, as are poor governance 
and weak institutions. Quantification of this component 
within a vulnerability assessment is particularly difficult 
(Hinkel, 2011). Within a geographic mapping context, this 
is compounded by the problem that many relevant datasets 
are available only at national level. Thus individual/
household and community-based adaptive capacity is not 
well captured, and for now the assumption has to be made 
that the response of an individual or a community in the 
face of climate risk is likely to be reflected in the nation’s 
average adaptive capacity.

2.2 Indicators
During the last ten years, the conceptual basis for the 
choice of indicators and aggregate indices for climate 
change vulnerability assessments has been well researched 
at an academic level, but with no clear consensus (Yohe and 
Tol, 2002; Adger et al., 2004; Vincent, 2004). Indicators 
have been generally grouped under the headings natural 
science, social, economic and institutional/political. 
Each research group’s underlying research questions and 
points of departure have influenced their final choice. 
The question of whether or not or how to construct a 
quantitative index of vulnerability has been debated. 
The requirements of such an index include consistency 
with academic theory, all relevant factors included 
transparency, conceptual clarity and meeting the needs 
of users.

In this study, a thorough search for suitable high 
resolution datasets to represent the three categories 
(exposure, sensitivity, adaptive capacity) was the starting 
point, guided by the existing vulnerability and mapping 
literature. From this, the final choice of indicators was 
based on: (1) data availability for Africa at the required 
resolution; (2) quality of the data (statistical reliability) 
and availability of good metadata; (3) permission to use 
a database.

There was a strong focus on indicators representing 
agriculture (including water resources), food security 
and human health, since these sectors (together with 
energy) formed the basis of the initial RCCP research 
component, being particularly relevant to African climate 
change vulnerability. The indicators included measures of 
food production and the household/individual context 
of food security (health, food consumption, nutrition). 
Table 1 summarises the data layers used for each category 
summary layer, their sources, assumptions made with 
respect to their contribution to vulnerability and the 

2. Data and methods
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overlay. The full metadata has been archived (www.
oneworldgroup.co.za).

Geospatially, the data was mapped at 1 km2 resolution 
across 14 of the 15 SADC countries, excluding only 
Seychelles for which data was difficult to source due to 
the high resolution required for the very small sizes of the 
nation’s numerous islands. The mapping was extended 
outward with transboundary river drainage basins to 
capture the full extent of each basin including adjoining 
non-SADC countries. 

Few vulnerability mapping projects have ventured into 
projections of the future, for numerous reasons. Firstly, 
the above framework is not easily transported into the 
future. All three categories are expected to change 
dynamically in response to future drivers, of which 
climate change is only one, albeit a very important one. 
For this study, we have taken the approach to use only 
two primary drivers: climate change and population 
growth. As a first step, a ‘futures’ map was only developed 
for the exposure category. The assumption is that 
current exposure to climate-related stressors will remain, 
but will be exacerbated by additional pressures arising 
from future population growth and climate change. 
However, for now, the assumption is made that current 
sensitivity and adaptive capacity will remain the same 

over this time period. Further iterations of the mapping 
could conceivably analyse how these categories may 
change (e.g. through rapid socioeconomic development 
of some countries) and in themselves become responsive 
to climate and population change, particularly the 
components of the sensitivity category. In this respect the 
mapping methodologies should be seen as preliminary, 
requiring further development.

Secondly, it has been posited that mapping of future 
vulnerability depends on the use of General Circulation 
Models (GCMs) which are currently still not sufficiently 
reliable at the higher resolution necessary for assessing 
impacts and vulnerabilities at sub-national and local 
scales. Nevertheless, in the last few years, significant 
progress has been made on downscaling techniques. 
In this study both GCMs and downscaled GCMs were 
employed, and a suite of different GCMs was used to 
deal with inter-model variance. The trade-off was then 
the number of future time periods studied, but since the 
SRES scenarios (Special Report on Emissions Scenarios 
of the Intergovernmental Panel On Climate Change) of 
socioeconomic growth show little divergence until the 
middle of the 21st century (IPCC, 2007), only the medium-
term future (ca. 2050) was assessed, using a single SRES 
scenario. This also represents a realistic time frame for 
longer-term policy and infrastructure planning. 

table 1: list of indicator databases used under the categories exposure (present), exposure (future), sensitivity and 
adaptive capacity. for the assumed relationship between the indicator and the vulnerability category, the following was 
used: positive = the higher the indicator value the greater the vulnerability; negative = the lower the indicator value the 
lower the vulnerability.
Component of 
vulnerability 
(category)

indicator abbreviation assumed 
relationship 
between 
indicator and 
category

relative 
weighting 
within 
category

web links, sources, credits, references

exposure 
(present)

Coefficient of 
variation for inter-
annual rainfall

max2methsraincv Positive 2 International Water Management Institute (IWMI), 
using the 100 year gridded precipitation dataset 
(CRU TS 2.0) developed by the University of East 
Anglia. Eriyagama et al. 2009.  
Global Risk Data Platform (PreventionWeb), World 
Bank, UNEP, UNDP, UN/ISDR. Credit: IRI and 
CIESIN (Columbia University).  McKee et al., 1993.

Coefficient of 
variation for 
monthly rainfall

E_mcv_monthly Positive 2 Worldclim (Hijmans et al., 2005) Bioclimatic 
variable ‘Bio15’

Risk of cyclones E_cyclones Positive 2 Center for Hazards and Risk Research (CHRR), 
Dilley et al., 2005; Center for International Earth 
Science Information Network (CIESIN), Columbia 
University; International Bank for Reconstruction 
and Development/The World Bank; United 
Nations Environment Programme Global Resource 
Information Database Geneva (UNEP/GRID-
Geneva). 

Risk of floods floodfreq Positive 2 Global Risk Data Platform (PreventionWeb), 
World Bank, UNEP, UNDP, UN/ISDR.  Credit: GIS 
processing UNEP/GRID-Europe, with key support 
from USGS EROS Data Center, Dartmouth Flood 
Observatory 2008.

Standardised 
precipitation index

SPI Positive 2 Global Risk Data Platform (PreventionWeb), World 
Bank, UNEP, UNDP, UN/ISDR.  Credit: IRI and 
CIESIN (Columbia University). McKee et al., 1993.
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(category)

indicator abbreviation assumed 
relationship 
between 
indicator and 
category

relative 
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within 
category

web links, sources, credits, references

Fire frequency firefreq Positive 1 Global Risk Data Platform (PreventionWeb), 
World Bank, UNEP, UNDP, UN/ISDR.  Credit: GIS 
processing World Fire atlas (ESA-ESRIN).

Disaster events: 
Number of events 
by area

E_dis_event Positive 1 WHO Collaborating Centre for Research on the 
Epidemiology of Disasters (CRED): Emergency 
Events Database EM-DAT

Disaster events: 
Numbers affected 
per population

E_dis_affect Positive 1 WHO Collaborating Centre for Research on the 
Epidemiology of Disasters (CRED): Emergency 
Events Database EM-DAT

exposure 
(future – 
2050)

Additional 
population 
density

E2_add_dens Positive 3 United Nations Department of Economic and 
Social Affairs/Population Division 9 World 
Population to 2300

1 in 10 year 
drought

E2_GCM1in10drought Positive 1 Climate Explorer (climexp). Shongwe et al., 2009.

GCM ensemble 
precipitation 
change

E2_GCM_precipchange Positive or 
negative

3 Climate Explorer (climexp). The following GCMs 
were used: HADCM3, CSIRO, ECHAM5, CCCMA 
and MIROC (high resolution); and the SRES A1b 
futures scenario.

GCM ensemble 
temperature 
change

E2_GCM_tempchange Positive 3 Climate Explorer (climexp). An ensemble of five 
models was used (HADCM3, CSIRO, ECHAM5, 
CCCMA and MIROC (high resolution) and the 
SRES A1b scenario.

Worldclim 
ensemble 
precipitation 
change

E2_WCprecipchange Positive or 
negative

1 Worldclim

Worldclim 
HADCM3 
maximum 
temperature 
change

E2_WCmaxtempchange Positive 1 Worldclim

Loss of suitability 
for cropland

E2_cropchange Positive 2 FGGD / IIASA  (FAO 2007). Holdridge Life Zones. 
Pilot Analysis of Global Ecosystems (PAGE): 
Agroecosystems Dataset.  ILRI, 2006; FAO, 2007; 
Jones and Thornton, 2009. IFPRI.

Sea level rise E2_searisk Positive 2 Shuttle Radar Topography Mission. U.S. Geological 
Survey Center for Earth Resource Observation and 
Science (EROS), National Aeronautics and Space 
Administration (NASA), National Geospatial-
Intelligence Agency (NGA), ESRI

sensitivity Percent land 
under irrigation

S_irrigated Negative 3 The data are an IIASA modification of FAO and 
University of Kassel (2002), Digital Global Map of 
Irrigated Areas v. 2.1.  

Human 
appropriation 
of net primary 
productivity

S_app_NPP Positive 2 Columbia University Center for International Earth 
Science Information Network (CIESIN). Imhoff et 
al., 2004.

Volume of rainfall 
per person on 
agricultural land

S_rain_pp_crop Negative 3 UNEP population database. FAO/IIASA GAEZ. 
Worldclim. Hijmans et al., 2005. 

Crowding on 
agricultural land

S_popd_agric Positive 2 UNEP population database. FAO/IIASA GAEZ.

Length of growing 
period

S_lgp Negative 2 The FGGD Digital Atlas: This dataset is contained 
in Module 4 “Environmental conditions” of Food 
Insecurity, Poverty and Environment Global GIS 
Database (FGGD) (FAO and IIASA, 2007). ILRI, 
2006.

Easily available 
soil moisture

S_avail_soilM Negative 3 FAO; derived from Digital Soil Map of the World
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indicator abbreviation assumed 
relationship 
between 
indicator and 
category

relative 
weighting 
within 
category

web links, sources, credits, references

Soil degradation S_soil_deg Positive 2 Global Assessment of Human Induced Soil 
Degradation (GLASOD). Credit: International 
Soil Reference and Information Centre (ISRIC) 
at Wageningen, The Netherlands, and United  
Nations Environment Programme (UNEP). 
Oldeman et al., 1990.

Slope S_slope Positive 2 Shuttle Radar Topography Mission. U.S. Geological 
Survey Center for Earth Resource Observation and 
Science (EROS), National Aeronautics and Space 
Administration (NASA), National Geospatial-
Intelligence Agency (NGA), ESRI

Net primary 
productivity

S_npp Negative 2 Global Climatological Net Primary Production of 
Biomass dataset from CLIMPAG, FAO. Lieth, 1972.

Major agricultural 
systems

S_agric_syst Table linking 
system to vuln. 
(RCCP)

1 World Bank, FAO

Own food 
production

S_food_prod Negative 1 FAO. De Wit, 2009.

Protein 
consumption

S_prot_cons Negative 1 FAO. De Wit, 2009.

Dietary diversity S_diet_div Negative 1 FAO
Water withdrawals S_waterwithd Positive 2 FAO: AQUASTAT
People living in 
water stress

S_water_str Positive 2 WWDRII. African Water Stress Study. Vörösmarty 
et al., 2005.

Forest loss S_forestloss Positive 2 Global Gross Forest Loss; WCMC Global Forests 
Dataset: disturbed forests and historic extent of 
forests; current extent of forest cover MODIS 
Vegetation Continuous Fields. Hansen et al., 2010.

adaptive 
capacity

Infrastructure 
poverty

A_pov_infra Negative 2 NOAA: NOAA websites are provided as a public 
service by the U.S. Department of Commerce, 
National Oceanic and Atmospheric Administration, 
National Environmental Satellite, Data and 
Information Service. Information presented on 
these web pages is considered public information 
and may be distributed or copied.. Doll et al., 
2000; Sutton et al., 2007; Elvidge et al., 2009; 
World Bank, 2006.

Economic wealth A_GDP_pc Positive 3 United Nations Development Programme (2007)
Malnourishment 
in children under 
5 years old

A_abovewt Negative 3 Center for International Earth Science Information 
Network (CIESIN, 2005), Columbia University.

Education index A_educ_ind Positive 2 United Nations Development Programme (2007)
Health 
expenditure

A_health_exp Positive 2 United Nations Development Programme (2007)

Malaria incidence A_malaria Negative 1 Malaria Atlas Project (MAP); Hay et al., 2010
Tsetse fly habitat 
suitability

A_tsetse Negative 1 FAO and DFID. Credit: Environmental Research 
Group Oxford (ERGO Ltd) in collaboration with 
the Trypanosomosis and Land Use in Africa (TALA) 
research group at the Department of Zoology, 
University of Oxford

HIV prevalence A_HIV_neg Negative 2 United Nations Development Programme (2007)
Access to 
improved water

A_imp_water Positive 3 United Nations Development Programme (2007)

Subscribers to a 
cellular network

A_cell_subs Positive 1 United Nations Development Programme (2007)

Travel time to 
nearest city

A_travelt Negative 2 European Commission and World Bank. Nelson, 
2008.

Night lights A_nightlights Positive 3 http://www.ngdc.noaa.gov/dmsp/download.html  
Image and data processing by NOAA’s National 
Geophysical Data Center.  DMSP data collected by 
US Air Force Weather Agency. Doll et al., 2000; 
Sutton et al., 2007.
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Contribution of 
agriculture to 
Gross Domestic 
Product

A_agric_GDP Negative 2 http://web.worldbank.org/WBSITE/EXTERNAL/DA
TASTATISTICS/0,,contentMDK:21298138~pagePK
:64133150~piPK:64133175~theSitePK:239419,00.
html  
World Bank (2007).  World Development 
Indicators 2007.  World Bank, Washington. 432pp.

Water discharge A_water_dis Positive 1 http://wwdrii.sr.unh.edu/download.html  
Vörösmarty et al., 2005.

Irrigation 
potential

A_irrigpot Positive 2 http://www.ifpri.org/publication/what-irrigation-
potential-africa 

Conflicts A_conflicts Negative 1 http://www.prio.no/CSCW/Datasets/Armed-
Conflict/Armed-Conflict-Location-and-Event-
Data/; http://www.ucdp.uu.se/gpdatabase/search.
php . Raleigh et al., 2005.  

Governance A_governance Negative 2 http://www.moibrahimfoundation.org/en/section/
the-ibrahim-index 

Forest resources A_forestres Positive 1 http://glcf.umiacs.umd.edu/data/vcf/
Biodiversity A_biodiv Positive 2 http://www.zmuc.dk/CommonWeb/research/

biodata.htm

for the assumed relationship between the indicator and the exposure/sensitivity category, the following was used: 
positive = the higher the indicator value the greater the exposure/sensitivity; negative = the lower the indicator value the 
lower the exposure/sensitivity. for the adaptive capacity category, the opposite is the case.
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A two-phased analysis was conducted, the first for the 
current situation (ca. 2008) and the second for the mid-
term future (ca. 2050). The following summary layers were 
obtained by weighted overlay as indicated.

Exposure summary layer (status quo ca. 2008):
(max2methsraincv * 2) + (E_mcv_monthly * 2) + (E_
cyclones * 2) + (floodfreq * 2) + (SPI * 2) + (firefreq * 1) + 
(E_dis_event * 1) + (E_dis_affect * 1)

Exposure summary layer (future ca. 2050):
(max2methsraincv * 2) + (E_mcv_monthly * 2) + 
(E_cyclones * 2) + (floodfreq * 2) + (SPI * 2) + (firefreq 
* 1) + (E_dis_event * 1) + (E_dis_affect * 1) + (E2_add_
dens * 3) + (E2_GCM1in10drought * 1) + (E2_GCM_
precipchange * 3) + (E2_GCM_tempchange * 3) + 
(E2_WCmaxtempchange * 1) + (E2_WCprecipchange * 1) 
+ (E2_cropchange * 2) + (E2_searisk * 2)

Sensitivity summary layer:
(S_irrigated * 3) + (S_app_NPP * 2) + (S_rain_pp_crop 
* 3) + (S_popd_agric * 2) + (S_lgp * 2) + (S_avail_soilM 
* 3) + (S_soil_deg * 2) + (S_slope * 2) + (S_npp * 2) + 
(S_agric_syst * 1) + (S_food_prod * 1) + (S_prot_cons * 1) 
+ (S_diet_div * 1) + (S_waterwithd * 2) + (S_water_str * 2) 
+ (S_forestloss * 2)

Adaptive capacity summary layer:
(A_pov_infra * 2) + (A_GDP_pc * 3) + (A_abovewt * 3) + 
(A_educ_ind * 2) + (A_health_exp * 2) + (A_malaria * 1) 
+ (A_tsetse * 1) + (A_HIV_neg * 2) + (A_imp_water * 3) + 
(A_cell_subs * 1) + (A_travelt * 2) + (A_nightlights * 3) + 
(A_agric_GDP * 2) + (A_water_dis * 1) + (A_irrigpot * 2) + 
(A_conflicts * 1) + (A_governance * 2) + (A_forestres * 1) 
+ (A_biodiv * 2)

Other similar investigations have used Principal 
Components Analysis to quantify the influence of 

independent variables on a dependent variable. As we had 
multiple dependent variables that we wished to consider, 
and in order to preserve accountability of the respective 
variables in understanding the resulting patterns, we used 
a simple overlay approach in which we could control the 
respective influences of those variables we considered to 
be most relevant to the futures of people influenced by 
climate change. We combined the datasets in weighted 
overlay models for each category to produce a summary 
layer of each. We applied weightings varying from *1 to *3 
(as shown in Table 1) in accordance with its importance 
in the context of climate change, the confidence we held 
that each dataset was accurate and truly represented 
the detailed geographical distribution of the variable 
in question, and its level of spatial resolution (in that 
descending order of priority).

The category summary layers were then combined as 
follows to produce impact and vulnerability composite 
maps. Impact overlay (present and 2050): We derived 
this layer as (sensitivity + exposure). Vulnerability overlay 
(present and 2050): We derived this layer as (sensitivity 
+ exposure + adaptive capacity). To enable a uniform 
influence of each category, we used a simple summation, 
but this required prior inversion of values for adaptive 
capacity.

It was with some consideration that the decision was 
made to combine the three category summary layers as 
described above (by simple summation). Hinkel (2011) 
discusses the conceptual difficulties underlying this 
methodology. Various approaches were tested during a 
sensitivity analysis, particularly in view of the fact that the 
addition of the final adaptive capacity layer resulted in a 
radical alteration of the map along national boundaries. 
However, in the regional context of the study (although 
not at local level) this result is intuitively correct, although 
further refinement and nuance could be achieved. This 
aspect of the methodology requires more in-depth 
research, based on a better theoretical model for the 
combination of the three categories.
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small-scale irrigation systems and agroforestry practices help  smallholder farmers adapt to the impacts of climate change. 

Un Joint programme, Madulo village, gaza province, Mozambique
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3.1 Adaptive capacity summary layer
The adaptive capacity summary map (Figure 2) shows 
that South Africa, closely followed by Namibia and 
Botswana, forms a major block of socioeconomically 
stronger countries in the south-west, while Mauritius 
also has a very high adaptive capacity. Lesotho, Swaziland 
and Zimbabwe are intermediate while the DRC, Zambia, 
Mozambique, Tanzania, Madagascar, Angola and Malawi 
all have weaker socioeconomic conditions, and thus lower 
adaptive capacity, to climate-related risk.

The high adaptive capacity of the south-west block is 
primarily a function of wealth and associated infrastructure 
availability, combined with stable government and peace. 
Angola, Zimbabwe and the small inland nations of 
Swaziland and Lesotho have higher values for GDP per 
capita than countries further north and east. Intense 
economic activity and extensive infrastructure are 
indicated by the night lights concentration; these extend 
up through Zimbabwe and through the copper belt in 
Zambia. There is good infrastructure access in South 
Africa and Zimbabwe and from the coastal ports inland; 
in the DRC access is evident along the rivers. The south-
west block also shows the highest proportion of cellular 
telephone subscribers, although Zambia is unexpectedly 
high in this regard and it is well known that the cellular 
networks are well used throughout the continent. South 
Africa, Namibia, Botswana, Lesotho, Zimbabwe and 
Mauritius provide the best standards of education in the 
region. Apart from Zimbabwe, these countries also enjoy 
better governance and lack of conflict.

The south-west block scores high in health – these 
countries allocate a large portion of their GDP to health and 
have best access to improved water. Malawi and Zimbabwe 
also score unexpectedly high in this regard. Mozambique 
and DRC are poorest in terms of access to improved 
water. One of the few criteria which the south-west block 

achieves a high incapacity score for is the incidence of 
HIV, which is highly prevalent in this region and along the 
transport corridors into Zimbabwe, Zambia, Mozambique 
and Malawi. Incidence of HIV and its debilitating effects 
on the population are far lower in Angola, DRC, Tanzania 
and Madagascar. The other strength of the north-west 
block (DRC, Angola) and Madagascar lies in its valuable 
forest resources which provide economic benefits and 
essential ecosystem services.

The south-west block, extending into southern parts 
of Angola, Zambia, Zimbabwe and Mozambique, is 
largely free of tsetse flies which are vectors to significant 
livestock diseases. DRC and northern Angola are suitable 
for the greatest diversity of tsetse fly groups and species. 
South Africa (excluding the lowveld), Lesotho, southern 
Botswana, southern Namibia and Zimbabwe are the only 
major regions of southern Africa that do not experience 
endemic malaria.

The less developed countries at lower latitudes show 
high reliance on agriculture’s contribution to national 
GDP, which makes them more susceptible to climate 
risk. Whilst these countries currently do not tap into 
their often considerable water resources for irrigated 
crop production, high potential for the development of 
irrigation schemes exists across the region which could 
stabilise yields and boost productivity.

The recurring patterns outlined above are not, however, 
reflected in the distribution of high levels of biodiversity. 
Countries with the highest biodiversity (innate value and 
what needs to be protected i.e. what is rare and vulnerable) 
include Madagascar, Tanzania, South Africa, Zambia and 
Botswana, with smaller pockets in other countries. These 
resources, if managed sustainably, provide potential 
adaptive capacity in the dividends they can offer, both in 
terms of ecosystem services and also tourism potential. 

3. Layer overlays
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figure 2: adaptive capacity summary layer. the values were inverted such that high values, shown in red here, represent 
incapacity for adaptive responses.



adaptation planning should focus on increasing the resilience of natural and human systems.  
Maize crops on the lesotho Highlands.
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figure 3: sensitivity summary layer. red values indicate environments that are most sensitive to climate stressors, while the 
blue areas indicate low sensitivity.

3.2 Sensitivity summary layer
To a large degree, the regions of southern Africa that are 
revealed to be most sensitive to climate stressors follow 
the Afro-montane belt, including the arid areas (Figure 3). 
This is in contrast to a stable, resilient region in the 
tropical Congo basin. Lesotho, Swaziland, Zimbabwe 
and Malawi emerge as the most sensitive countries to 
climate stressors, followed by South Africa, Tanzania and 
Zambia. The arid south-western corner of Madagascar is 
noticeably sensitive. There is a small dense patch showing 
environmental sensitivity near the border in northern 
Namibia. This is due to very high values here for density 
of people on agricultural land, low water supplies per 
capita on agricultural land and high appropriation of net 
primary productivity. Most of the network of these small 
patches and corridors of high sensitivity through central 

southern Africa can be attributed to the distribution of 
high human population density in centres and along the 
main transport routes. Wherever these high densities 
correspond to other environmental disadvantages such 
as soil degradation they appear most noticeably in the 
sensitivity map.

Northern and eastern Angola and northern DRC 
emerge as the least sensitive regions in southern Africa 
to climate stressors. Mauritius also has a very low value 
for sensitivity as measured this way. Some countries 
exhibit a very patchy distribution of sensitivity with 
areas of resilience in southern Tanzania, northern and 
central Mozambique, northern Zambia, and northern 
Madagascar. Protected areas are noticeable for low values 
of sensitivity on account of their low population density 
and less degraded soils.
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figure 4: exposure (2008) summary layer. red values indicate areas that are most exposed to climate stressors, while the 
blue areas on land indicate low exposure.

3.3  Exposure to climate risk summary 
layer 2008

The past and current experience of climate stress in 
southern Africa are presented in this category, including 
national data on historical natural disaster events that are 
climate-related and the numbers of people affected by 
these. Of great bearing is the variability of weather over 
southern Africa giving rise to droughts, floods and other 
extreme events.

Our summary layer for this category indicates the 
following states as being most at risk to climate stress 
(Figure 4): Madagascar, Mozambique, Mauritius, Malawi, 
Zimbabwe, Botswana, and parts of Namibia, Angola, Zambia 
and Swaziland. Thus, the greatest exposure to climate 
risk follows a broad latitudinal band (roughly between 

12°S and 25°C). The map of exposure risk highlights the 
impact of cyclones and floods along the eastern sea board 
of southern Africa and on the island states. Cyclones hit 
Mauritius, Madagascar and Mozambique the hardest but 
are able to penetrate inland to southern Malawi, eastern 
Zimbabwe and Swaziland. The whole region of high 
exposure suffers from periodic droughts, but also risk of 
flash floods. 

The least exposed regions to climate stress in southern 
Africa are DRC, north-eastern Angola, southern and eastern 
South Africa and (as with sensitivity) an area in southern 
Tanzania, western Tanzania, and south-western Namibia. 
One would expect the climate in the tropical lowlands, 
characterised by high rainfall and low rainfall variability, to 
be least exposed to climate stress.
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figure 5: Climate impact overlay (2008). red values indicate areas of high climate impact while the blue areas indicate  
low impact.

3.4 Climate impact overlay 2008
This combined layer represents the current impact of 
climate stressors regardless of any local adaptive capacity. 
With sensitivity and exposure categories combined like 
this, the Afro-montane belt becomes very evident as an 
area of high impact in contrast to the Congo basin and 
other small patches (Figure 5).

Most of the eastern seaboard and islands, apart from 
an area north and south of the Tanzania–Mozambique 
border in the vicinity of Niassa, are highlighted as high 
impact areas; and most of the arid areas of south-western 
southern Africa are highlighted as high impact areas.

Zimbabwe appears to be the most highly impacted 
country on this map but actually, the smaller nations 
of Swaziland and Lesotho carry slightly higher overall 

scores for this combination. Malawi also carries a 
high score. All four of these countries score as highly 
vulnerable to the anticipated impact of climate 
stressors. At a sub-national level, parts of Madagascar, 
Mozambique, Zambia and Tanzania contained ‘high 
impact’ areas. 

The stable, productive and humid ecosystems of the 
lowland tropics form a centre of resilience by contrast 
and this influence apparently extends into eastern Angola 
and adjoining lowland areas of Tanzania and Zambia. The 
larger patch of resilience in southern Tanzania and Niassa 
is the effect of lack of crowding in this region and more 
fertile soils (sensitivity category).
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figure 6: Vulnerability hotspots overlay (2008). red values indicate hotspots where people are most likely to be most in 
need of help adapting to climate stressors, while the blue areas indicate areas of resilience.

3.5 Vulnerability hotspots 2008
Introducing the adaptive capacity factor changes the 
emphasis and distribution of the high impact areas 
profoundly (Figure 6). Most of the data layers in the 
adaptive capacity category are from national data tables 
so the effect on this final hotspots layer is for abrupt 
change across the national boundaries. 

The national order of priorities is thereby changed. The 
high impact areas across the arid countries of Namibia, 
South Africa and Botswana are no longer apparent. These 
three countries, and Mauritius, have a greater capacity 
for dealing with problems. The implication is not that 
problems will not occur in these countries with climate 
stressors, but rather that other countries may be expected 
to suffer more on account of their reduced capacity 
for adaptation.

Swaziland and Lesotho are still visible as hotspots but 
their representation as high impact areas is diminished by 
reasonably high adaptive capacity, as is that of Zimbabwe. 
These top three countries in terms of high climate impact 
are now displaced by Mozambique, Madagascar, Malawi, 
Zambia and Tanzania with adaptive capacity taken into 
account. Almost the entire country of Mozambique, 
except the far north and the floodplain area around Beira, 
now appears as a hotspot. In Tanzania, a very large hotspot 
occupies the centre of the country and spills through 
into highly populated areas of Kenya which share a river 
catchment. A hotspot is also evident in the semi-arid 
south-west of Angola.

The smaller impact areas in DRC are accentuated in this 
hotspot summary layer as a result of the poor adaptive 
capacity in this country.
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figure 7: exposure (2050) summary layer. red values indicate areas that are most exposed to climate stressors, while the 
blue areas on land indicate low exposure.

3.6  Exposure to climate risk summary  
layer 2050

The summary layer (Figure 7) shows a central band of 
future high exposure across the sub-tropics (southern 
Angola, southern Zambia, Zimbabwe, central and southern 
Mozambique, Malawi and Madagascar), and adjacent 
broad bands of medium high exposure extending from 
about 12°S (northern Zambia, northern Mozambique) to 

central South Africa and Lesotho (about 30°S), and also 
into northern Angola and the DRC. The least exposed 
regions in southern Africa are the southern, western 
and coastal regions of South Africa, the Namib Desert 
of coastal southern Namibia, northern Mozambique and 
northern Zambia, eastern and north-western Tanzania, 
and south-eastern DRC. 
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figure 8: Climate impact overlay (2050). red values indicate areas of high climate impact while the blue areas indicate 
low impact.

3.7 Climate impact overlay 2050
The inclusion of climate and population futures leads to 
a broadening and intensification of high impact areas 
in southern and central Angola extending into northern 
Namibia and western Zambia, as well as south-western 
Madagascar (Figure 8). The countries most highly 
impacted are Zimbabwe, Malawi, Lesotho, Swaziland, and 
substantial portions of Zambia, Mozambique, Madagascar 
and Angola.

Lower impacts emerged in the southern and coastal 
areas of South Africa and the southern Namib desert, 
in addition to currently less impacted areas of northern 
Mozambique/southern Tanzania, north-western Tanzania, 
northern Zambia, north-eastern Angola and large parts of 
the DRC.
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figure 9: Vulnerability hotspots overlay (2050). red values indicate hotspots where people are most likely to be in need 
of help adapting to climate stressors, while the blue areas indicate areas of resilience.

3.8 Vulnerability hotspots 2050
Large extensions in future hotspots are evident across 
southern and central Angola, and large parts of southern 
and western DRC (the north-western parts of southern 
Africa), owing to the lower adaptive capacity of these 
regions combined with greater climate exposure (Figure 
9). The central-eastern regions (southern Zambia, 
Zimbabwe, Malawi, southern and central Mozambique, 
Madagascar) remain as hotspots, although more 
dissipated, and the north-eastern hotspot regions 
(northern Mozambique, Tanzania) become less intensive.
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figure 10: averaged climate impacts (2050). 

3.9  Averaged climate impact and 
vulnerability hotspots 2050

We aggregated the grids of the summary layers to a 
coarser resolution (10 km2), converted the raster data to 
point data and then carried out a kernel density analysis 
in a smoothing exercise, to provide the following figures, 
which help to identify the locations of obvious hotspots 
or centres of resilience. The first figure (Figure 10) shows 
average values within a 50 km radius of (exposure + 
sensitivity) values. From this figure, and from the following 
figure (Figure 11) which shows the same treatment for 
hotspot values, we were able to identify and map the focal 
points in southern Africa.

This analysis helps to identify five major clusters of 
vulnerability ‘hotspots’ in southern Africa: (1) central 

Tanzania; (2) a large area incorporating southern and 
central Mozambique, Malawi, Zimbabwe and southern 
Zambia; (3) most of Madagascar; (4) southern and north-
western Angola; (5) southern and particularly western 
DRC. The main centres of resilience are apparent for the 
northern Congo Basin, north-eastern Angola, northern 
Zambia, north-western and south-eastern Tanzania, and 
northern Mozambique. The south-west block (South 
Africa, Botswana, Namibia) and Mauritius are less 
vulnerable on account of their higher adaptive capacity, 
at a national level. This is also the case, to a smaller 
degree, for Lesotho and Swaziland. This does not diminish 
the fact that highly vulnerable communities also exist 
in these regions, which will be in need of assistance in 
dealing with increased climate-related risk brought about 
by climate change. 
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figure 11: averaged vulnerability hotspots (2050). 
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From this analysis it can be seen that climate vulnerability 
has spatial, temporal and thematic components or 
messages. Each of these will be briefly discussed.

4.1 Spatial messages
Five major clusters of vulnerability ‘hotspots’ emerge in 
southern Africa. These are: (1) north-central Tanzania; 
(2) a large area incorporating southern and central 
Mozambique, Malawi, Zimbabwe and southern Zambia; 
(3) most of Madagascar (similar issues to (2) and therefore 
they will be discussed together); (4) southern and central 
Angola; (5) southern and western DRC.

North-central Tanzania: This rather more semi-arid 
area (compared to the rest of the country) is currently 
highly vulnerable and will remain so. The main drivers 
are low adaptive capacity (poverty, poor health, poor 
infrastructure, very high reliance on rainfed agriculture 
and grazing) and high sensitivity of natural and human 
systems, including periodic water stress and lack of access 
to water. Population growth rates and densities, and 
resulting demands placed on land- and resource-based 
livelihoods will remain high for some time.

East-central and Madagascar: This area is most influenced 
by the high variability in seasonal rainfall driven by the 
movement of the Inter-Tropical Convergence Zone (ITCZ), 
the major determinant of annual rainfall. When this zone 
does not move far enough south during summer, this 
area experiences drier rainfall seasons; with an average 
annual rainfall of about 500-800 mm (on the margins of 
suitability for rainfed agriculture), this hotspot is at high 
risk of current and future dry spells. Even small reductions 
in rainfall lead to large reductions in runoff and available 
soil moisture. This area is also exposed to other climate 
risks such as cyclones (eastern seaboard), floods and sea 
level rise (east coast), and shows a high rate and impact 
of climate disasters. Population growth rates are expected 
to remain high for some time (particularly in Malawi and 
Madagascar) and combine with climatic issues to project 
increasing impact and dwindling per capita access to 
natural resources. Adaptive capacity is generally low and 
institutional and financial capacity inadequate.

Angola: Exposure to climatic stressors is already high 
in southern Angola (high rainfall variability, droughts, 
floods), but is expected to increase significantly 
throughout the country in future, particularly in the 
centre and south-east. This is based on the expectation 
of increasing frequency of drought, reductions in rainfall 

and significant warming. Under current scenarios of 
climate change large parts of central and southern Angola 
may be expected to experience conditions not common 
for recent history. This combined with the developmental 
backlog could lead to emerging vulnerability.

DRC: This country currently has by far the weakest 
adaptive capacity and is likely to remain weak for some 
time, notwithstanding a certain level of increasing 
development but hindered by high population growth rates 
and protracted conflict. This means that stressful climate 
futures will have a greater effect on vulnerability than 
elsewhere in the region. The current climate is relatively 
benign, at least to natural systems, and climate impacts 
are low. Due to the socioeconomic situation, some areas 
currently are vulnerable, notably the west and extreme 
south-eastern tip (the mining province of Katanga). 
Climate change and population projections render some 
parts somewhat more exposed but impact is concentrated 
in the west. However, when adaptive capacity is overlaid, 
it becomes clear that this country and its population will 
require substantial assistance to render it more resilient.

Other areas of high impacts, but where adaptive 
capacity is high, include Lesotho, Swaziland, north-
central Namibia, north-eastern Botswana and South 
Africa (highveld, Orange River basin). Clearly, there are 
numerous highly vulnerable communities and individuals 
in these areas who may not benefit from national resources 
and adaptation responses. This requires focused and 
context-specific attention.

4.2  Temporal messages: current and 
mid-century

One would expect that the addition of a futures lens onto a 
current vulnerability map would have a number of possible 
outcomes: existing vulnerable areas remain vulnerable, 
become more vulnerable, or become less vulnerable. Also, 
areas which are currently not so vulnerable could become 
vulnerable to various degrees.

After the addition of the future climate and population 
data layers (ca. mid-century) to the exposure category, 
the impact patterns generally remained similar but with 
some significant additions and intensifications in parts 
of Angola and the DRC, the South African highveld, 
southern and western Zambia, Malawi and south-western 
Madagascar. Reductions in intensity are seen in northern 
Mozambique, central Tanzania and south-western South 
Africa. With adaptive capacity included, new and more 
intensive vulnerability hotspots emerged over large parts 

4. Discussion
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of the DRC and Angola, as well as Madagascar. These 
countries share the combination of increased exposure 
to climate risk and thus new and intensified high impact, 
and weaker adaptive capacity. Countries such as Zambia, 
South Africa and Malawi also show intensification of high 
impact areas, but their better adaptive capacity results in 
little change to the vulnerability outcome.

Future climate impacts must be examined in the 
context of the future socioeconomic condition. A future 
population will require different resources and support 
to that of a current population (Chapman, 2010). So 
whilst current decision-making, policy development and 
investment planning is premised largely on the current 
situation, there is a great risk of missing the target if 
this should move in unexpected ways. Areas of emerging 
vulnerability where populations are currently not at 
high risk, but could be seriously impacted as climate 
change progresses, need special attention with respect to 
medium- and longer-term planning time frames.

4.3 Thematic messages
Three key thematic messages have emerged from the 
mapping study:
• Climate risk and vulnerability is high across many of 

the most productive agricultural regions of southern Africa, 
characterised by high reliance on rainfed agriculture 
and rapidly rising population densities. Raising 
agricultural production to supply a growing demand 
for food will become more challenging unless adaptive 
capacity in this sector is significantly stimulated, for 
example through the development of suitable and 
affordable technologies. Areas of high productive 
potential and apparently higher climate resilience, 
coupled with potential access to local and regional 
markets, should be investigated for development as 
stable future food baskets for the region. Growing 
populations that remain highly vulnerable or become 
even more so under climate change are more likely 
to turn increasingly to natural resources for food 

and income, and/or to compromise sustainable land 
use practices. Improved natural resource and land 
use management will become critically important 
in the most vulnerable areas. The maps indicate the 
geographic pattern of expected declines in resource 
availability per person. Regional strategies and 
policies do not yet sufficiently incorporate these 
projections.

• Adaptive capacity is strengthened by potential access 
to water resources; differential vulnerabilities within 
river basins must inform water resource management 
and adaptation planning within national and 
regional development contexts. Southern Africa is 
characterised by large multi-country river basins 
– their water flows should be equitably shared to 
benefit all and especially the populations in the most 
vulnerable sub-basins for purposes of development 
and adaptation. The maps indicate differential 
vulnerabilities within transboundary river basins. 
SADC is making good progress towards developing 
institutions and policies to support transboundary 
integrated water resources management in the face 
of climate change, but this requires further political 
commitment, investment, research, and institutional 
strengthening.

• Increasing vulnerabilities of some countries will drive 
increasing migration to more resilient regions (mostly 
southwards). Current flows of environmental refugees 
and migrants within the region are likely to intensify, 
particularly during and following climate-related 
disasters. This will demand pro-active responses from 
both sending and receiving countries. Human security 
and conflict management could become increasingly 
important regional priorities. SADC does not 
currently have the high level political engagement, 
institutions, policy frameworks, supporting data and 
monitoring programmes to manage any significant 
impacts of climate change on regional security.
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DRC  Democratic Republic of Congo
FAO Food and Agriculture Organisation of the 

United Nations
GCM Global Circulation Model
GDP Gross Domestic Product
IPCC Intergovernmental Panel on Climate 

Change
ITCZ Inter-tropical Convergence Zone
MDG Millennium Development Goal
RCCP Regional Climate Change Programme
R&V Risk and vulnerability
SADC Southern African Development Community
SIDS Small island developing states
SRES Special Report on Emissions Scenarios
UNDP United Nations Development Programme
UNEP United Nations Environment Programme
UNFCCC United Nations Framework Convention on 

Climate Change
UNSD United Nations Statistic Division

Exposure The character, magnitude and rate of climate change and variation to which a system is exposed.
Sensitivity  The degree to which a system is affected, either adversely or beneficially, by climate variability or 

change. The effect may be direct or indirect.
Adaptive capacity  The ability of a system to adjust to climate change (including climate variability and 

extremes) to moderate potential damages, to take advantage of opportunities, or to cope with 
the consequences.

Impact  The effects of climate change on natural and human systems. [Potential impacts: all impacts that 
may occur given a projected change in climate, without considering adaptation]

Vulnerability  The degree to which a system is susceptible to, and unable to cope with, adverse effects of climate 
change, including climate variability and extremes. Vulnerability is a function of the character, 
magnitude and rate of climate change and variation to which a system is exposed, its sensitivity, 
and its adaptive capacity.

Acronyms

Definitions (Source: IPCC 2007b)
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