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Executive Summary
This summary is based on the materials and interpretation presented in all the research reports,
including this report and each of the country reports for Malawi, Mozambique, Zambia and
Zimbabwe.

Risk and Vulnerability mapping is one of the evidence-based tools
urgently required for application in basin-level and national climate
change strategy and policy development and adaptation decision making.
Risk and Vulnerability mapping distills and visually presents key messages arising from complex
interactions between biophysical and socioeconomic drivers of climate vulnerability. Through this
approach areas of differential vulnerability are spatially disaggregated at various sub-national scales.
It appeals to decision 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 Zambezi River Basin
indicate ‘hotspots’ of current and future climate-related vulnerability.
Exposure to climate variability and extremes (current and future - 2050), sensitivity to such exposure
(current and future), leading to impacts (exposure + sensitivity = impacts), and capacity to adapt to
the impacts (impact + adaptive capacity = vulnerability) are the components of vulnerability. The
vulnerability mapping is comprehensive, using 64 data layers of varying ranked importance, mapped
at 1 km2 resolution across the Zambezi River Basin. Geo-spatial indicators for agriculture, water, food
security, human health, and ecosystem services are the most important indicators.

The Zambezi River Basin shows highly differential levels of vulnerability
to climate variability and climate-related shocks. The ‘hotspots’ will in
future either expand and/or intensify or contract to smaller populated
areas, driven by a west/north-east gradient in rainfall changes and
warming, and growing urban populations.
Vulnerability hotspots in the south-central parts of the Basin (south-central Zambia, central and
northern Zimbabwe) and the lower Shire/lower Zambezi area are likely to persist and intensify with
climate change and continued population growth. Hotspots in north-eastern Basin areas (eastern
Zambia, central and northern Malawi) appear likely to benefit from less negative climate futures
although areas with high population densities could remain vulnerable. New vulnerability hotspots
are projected to arise in the western part of the Basin (south-east Angola, western Zambia) due to
rainfall reductions and strong warming.

Spatially explicit economic and land use planning at basin, national and
sub-national levels should factor in areas of differing exposure and
vulnerability.
Further agricultural development should proceed with great caution in areas of future high risk and
vulnerability, such as the Kafue Flats and Southern Province of Zambia, parts of central Zimbabwe,
southern Malawi and the lower Zambezi area in Mozambique. Other areas could, however, support
increased development and supply excess crop production to areas of future deficit. Such areas are
indicated to include the northern parts of the Angolan basin area, the Eastern Province, Copperbelt
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and adjacent Northwest Province of Zambia, north-east Zimbabwe, and northern Malawi. The
feasibility of agricultural development in these areas will depend largely on improved infrastructure,
especially transport systems and markets, as well as dealing with agronomic challenges. These areas
will also require accelerated human development such as better education levels and equal
opportunities for women in order to develop a productive labour force. It is also important to retain
the ecological integrity of many of these areas, since they will continue to provide essential ecosystem
services and refugia for embattled species, as well as deliver the bulk of rainfall runoff for the Zambezi
River system. Thus, difficult trade-offs will need to be considered.

The enormous biodiversity and ecological importance of some of the
Basin catchments and wetlands could become seriously endangered.
The area’s ecosystems already support a diverse range of livelihoods and hold great potential for
tourism development. However, some of these could come under threat, for example the Barotse
floodplain in western Zambia, southern Kafue catchment and Kafue Flats, the Caprivi/Chobe area,
and ecosystems in southern Malawi and the lower Zambezi in Mozambique. The river system and
especially its wetlands and floodplain have an important regulatory role for local hydrological
processes and water quality. Development planning, resource use management and land use planning
need to be sensitive to the current and future climate vulnerability of the various areas. A close
analysis is required for these areas of existing and planned hydropower plants, existing and planned
irrigation, rainfed agriculture, national parks and reserves, and rural livelihood systems, in order to
identify and mitigate potential threats. Economic diversification which can relieve pressure on
ecosystems should be sought.

Management of the shared water resources of the ZRB under conditions
of climate change will become central to basin-wide cooperation and
climate change response strategies.
Differential climate changes and vulnerabilities within the ZRB should inform integrated water
resource management and adaptation planning at all spatial scales, with transboundary and basinlevel planning, management, monitoring and data sharing becoming particularly important. Subbasins with catchments in the northern and north-eastern parts of the basin will likely continue to
receive stable and possibly increased rainfall, whereas western and southern catchments are projected
to exhibit stronger drying. Hydrologically, these shifts can be expected to change the relative
contributions of various catchments to overall annual river flow and discharge (this aspect requires
further hydrological analysis). Countries containing the more resilient catchments (Angola, Zambia,
Malawi) have a regional responsibility to manage these catchments wisely in order to secure the bulk
of future basin water resources. Equally, countries containing vulnerable catchments should assess
their water-based development planning with great care. In parts of the basin where drying is likely to
be experienced, such as south-central Zambia and Zimbabwe, water will also likely be harnessed for
climate change adaptive responses, such as increased irrigation. Increased water abstraction and new
dams will continue to alter the river system, but the outcomes will be driven by the interaction with
climate change. Basin-level research, dialogue and agreements at political and technical levels should
increasingly factor in spatially explicit future climate scenarios and vulnerability to inform multinational decision making. The Zambezi Watercourse Commission (ZAMCOM) is now well positioned
to lead and guide these processes.
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Social development in order to raise adaptive capacity in currently
under-developed areas of the ZRB will be important.
The specific needs vary depending on the country, province and district, but broad themes have
emerged from the maps. Poverty and unemployment, low educational attainment, child malnutrition,
risk of malaria and weak health systems, and gender inequality stand out in these areas as
contributing to poor ability to deal with and adapt to shocks. Local economic opportunities are limited
with a high reliance on subsistence farming and farm labour, Investment in these areas would
contribute significantly to building resilience at community level.

Increasing vulnerabilities of populations in some parts of the Basin could
drive increasing migration to more resilient regions within and without
the Basin.
Current flows of environmental refugees and migrants within the basin area (both within countries,
usually from rural to urban areas, as well as to places outside the basin, often South Africa) are likely
to intensify, particularly during and following climate-related disasters. This will demand pro-active
responses from both sending and receiving regions. Human security and conflict management could
become increasingly important national priorities. The Basin countries and surrounding countries will
need 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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1 Introduction
Climate change is expected to impact differentially on various parts of the Zambezi River Basin and
this will inform the nature and prioritisation of adaptation responses. This report is a synthesis of the
research outcomes of a study to geographically identify and raise awareness around Basin-wide
climate-related vulnerability ‘hotspots’ now and into the future. Detailed high resolution vulnerability
analysis and ‘hotspot’ mapping is necessary to understand the key spatial aspects relating to both the
current system and predicted future states under a range of climate and development scenarios. The
shared transboundary nature of the Zambezi water resources and the role of eight riparian states
further necessitate the use of the best available tools to disseminate and simplify the complex nature
of developing a climate resilient development strategy across the basin.
The intention of this research was not to suggest exact locations of interventions, or propose specific
adaptation options, but rather to provide a geographical guide and starting point for Basin-wide and
national debate towards building consensus around options and priorities. GIS-based climate change
vulnerability maps can provide a powerful tool in a toolbox of approaches to assist with the process of
translating science into policy and finance readiness in this region and individual countries. Thus, the
primary users of this research will be policy makers and decision makers at regional, national and subnational levels – managers who are not necessarily climate change experts but require an evidencebased working knowledge of the issues and possible responses to facilitate their work in government
ministries and agencies, or non-governmental organisations involved in climate change adaptation
within the local context.

2 The Zambezi River Basin and climate change
2.1 Background
The Zambezi River Basin spans the southern African sub-continent and is home to about 30 million
people. It is characterized by biologically diverse and productive water-based ecosystems (rivers,
catchments, wetlands, lakes, estuaries) and significant forests supporting many livelihoods,
predominance of rainfed subsistence and smallholder agriculture and livestock keeping. Whilst
agriculture and natural resources support key livelihoods for the majority of the population, the basin
economy is driven by hydropower, mining and commercial agriculture, and tourism is also important.
Significant untapped potential for agricultural and hydropower development exists, but the basin
suffers from poor infrastructure and generally low levels of human development and high levels of
poverty.
The Zambezi River Basin includes most of Zambia (except the most north-eastern portion, which
forms the southern end of the Congo river basin), south-eastern Angola, small portions of northeastern Namibia and northern Botswana, much of northern and central Zimbabwe, almost the totality
of Malawi, and central Mozambique including the delta on the Indian Ocean. At 2 600 km from source
to mouth, the Zambezi is the fourth longest river in Africa whilst the area of its basin, 1 570 000 km2,
is slightly less than half that of the Nile Basin. The Zambezi River has several important tributaries –
the Kafue draining out of northern Zambia, the Luangwa draining out of eastern Zambia, and the
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Shire which is an outflow of Lake Malawi. At the Zambezi delta and estuary, river outflow averages
about 130 km3 per year.
The river contains many globally unique attributes including the Upper Zambezi Basin sections which
have some of the world’s most complex hydrological and biological systems due to the intermittent
feeder rivers and streams and the flood regulating effects of the Bulozi floodplain and the Chobe
swamps. The Zambezi Basin is one of the most biologically diverse regions in Africa, with over 6 000
species of flowering plants, 650 species of birds, and 200 species of mammals.
This basin lies in a mostly tropical and subtropical climate although temperatures are relatively lower
than comparative regions globally on account of multiple plateaus (East African, Zimbabwean) and
mountainous highlands. Rainfall is predominantly seasonal in the summer. Annual rainfall in the
basin ranges from almost 1800 mm in the north to less than 550 mm in the south. The small basin
portions of both Botswana and Namibia are semi-arid with rainfall of around 600 mm/year. There is
high year to year variability in precipitation over much of the basin with some decades being very wet
(1970s) and other relatively dry (1980s and 1990s). The basin is also highly susceptible to drought
which is estimated to occur every 10 to 15 years.
The Zambezi Basin is characterised by pockets of high population density (Southern Zambia, Malawi
and Zimbabwe), chronic poverty and a widespread reliance on subsistence agriculture and natural
resource harvesting to support livelihoods. These pockets are typically densely populated areas located
in larger urban centres (e.g. Lusaka, Harare and Blantyre) and, in rural areas, around smaller
agricultural centres.
High population density and poverty contribute to over exploitation of the environment for survival in
populated areas, with resultant negative impacts on environmental degradation. Over exploitation
creates greater vulnerability at the household level, at communal level, and nationally. Poverty in the
basin generally stems from rapid population growth, insufficient economic growth, and poor
infrastructure which limits livelihood and economic options. Many people are trapped in subsistence
agriculture.
The basin economy is driven by hydropower, mining and commercial agriculture, all of which have
grown significantly in recent years. However, little of this recent economic prosperity (excluding
Zimbabwe) has reached the predominantly rural population.
Roughly one fifth of the land in the basin is under crop cultivation, both commercial (irrigated and
rainfed) and subsistence (mainly rainfed), focused primarily in Zimbabwe, Zambia and Malawi.
Agriculture is the pre-dominant livelihood in the basin. Key crops in the basin are maize, cotton,
tobacco, sugarcane, rice and cassava. There is strong potential for further irrigated agriculture
throughout most of the basin.
There is also potential for large-scale industrial and mining development within parts of the Zambezi
basin. Some of the primary areas for large-scale industrial development include the Copperbelt (in
Zambia) supplying copper and other mineral resources; the Zambezi Valley (in Mozambique and
Zimbabwe) supplying coal, iron ore, copper, and platinum resources amongst other minerals; and
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potential hydropower developments in areas such as Lake Kariba, Kafue Gorge, Batoka Gorge, Cahora
Bassa Dam and Mphanda Nkuwa.
The ZRB is fairly well studied relative to many other African river basins, owing to its importance in
the region. For further background information on the ZRB, the reader is referred to some excellent
recent reports:
Chenje, M. (2000). State of the Environment Zambezi Basin 2000. SADC/IUCN/ZRA/
SARDC, Maseru/Lusaka/Harare.
Euroconsult Mott MacDonald (2007). Rapid Assessment – Final Report. Integrated Water
Resources Management Strategy for the Zambezi River Basin. For SADC-WD / Zambezi River
Authority, SIDA, Norwegian Embassy Lusaka.
World Bank (2010). The Zambezi River Basin, A Multi-Sector Investment Opportunities
Analysis. Volume 1 Summary Report and Volume 3 State of the Basin. World Bank Water
Resources, Africa Region. Washington DC.
For the purposes of this study, it was useful to refer to the analysis and mapping of the subbasins of
the ZRB as presented in World Bank (2010) (Fig. 1):

Figure 1. Sub-basins of the Zambezi River Basin. Source: World Bank (2010)

Key to map of subbasins:
1. Zambezi Delta
2. Tete
3. Shire River and Lake Malawi/Nyassa/Nyasa
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4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Mupata
Luangwa
Kariba
Kafue
Cuando/Chobe
Barotse
Luanginga
Lungue Bungo
Upper Zambezi
Kabompo

The authors have also used a number of international, regional and national studies and reports on
the projections and potential impacts of climate change. These include those by the
Intergovernmental Panel on Climate Change (IPCC, 2007; Boko et al., 2007), and submissions by
Basin nations to the United Nations Framework Convention on Climate Change (UNFCCC), including
National Communications and National Adaptation Plans of Action (NAPAs). Thus, existing
assessments by Basin stakeholders have been taken into account. Although not fully referenced here,
these documents are freely available.

2.2 Climate change and the Zambezi River Basin
Climate change glossary (IPCC, 2007)
Adaptation: Adjustment in natural or human systems in response to actual or expected climatic
stimuli or their effects, which moderates harm or exploits beneficial opportunities.
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.
Climate change: Climate change refers to any change in climate over time, whether due to natural
variability or as a result of human activity.
Climate projection: The calculated response of the climate system to emissions or concentration
scenarios of greenhouse gases and aerosols, or radiative forcing scenarios, often based on simulations
by climate models.
Climate variability: Climate variability refers to variations in the mean state and other statistics
(such as standard deviations, statistics of extremes, etc.) of the climate on all temporal and spatial
scales beyond that of individual weather events.
General Circulation Model (GCM): Climate models which are applied, as a research tool, to study
and simulate the climate, but also for operational purposes, including monthly, seasonal, and
interannual climate predictions.
Vulnerability: Vulnerability is 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.
Weather: The state of the atmosphere at a given time and place, with respect to variables such as
temperature, moisture, wind velocity, and barometric pressure. (www.thefreedictionary.com)
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Climate change is as evident in Africa as in other parts of the globe (Boko et al., 2007). Mean annual
temperatures have increased across southern Africa over the last 40–50 years, and the number of hot
days per year has increased whereas the number of cold nights per year has decreased (Boko et al.,
2007). Over southern Africa, temperatures have increased more than 1°C since 1960, with the rise
most rapid in the dry winter season. The number of hot days and hot nights has increased by about
12%, mostly in the autumn and summer period respectively (McSweeney et al., 2008). Temperatures
are projected to keep increasing to about 1.2 – 3.4°C by 2060 (Figs 3 and 4), continuing the trend of
increasing numbers of hot days and nights. Temperatures are expected to increase slightly faster in
the south and west of the basin than in the moister north and east (McSweeney et al., 2008).
Heat stress events will be more frequent in future (Battisti and Naylor 2009), and it is likely that heat
thresholds will be exceeded more regularly. Warming could be higher during late winter and early
spring (Hewitson, 2007). Strong warming before the start of the rains and the planting season would
significantly reduce soil moisture during this period through high rates of evapotranspiration from
plants and soil. Warming also increases evaporation of water from surface bodies such as reservoirs
and wetlands. Other impacts of warming include loss of crop suitability and biodiversity, and
increased frequency and intensity of wildfires.
Seasonal shifts in rainfall can be expected. In regions receiving most of their rainfall in summer, the
arrival of the first summer rains is likely to become more unpredictable and occur later than at
present, the intervals between rainfall events could become longer, but rainfall amount and intensity
could be higher in mid- to late-summer. This disrupts traditional cropping cycles and access to fields
during harvest periods, contributing to yield reductions or total losses and thus food insecurity.
The climate of the south-central to eastern regions of southern Africa is characterised by high interannual, inter-decadal and multi-decadal variability, particularly with respect to rainfall. One of the
most important ways in which climate change is likely to affect conditions in the Zambezi River Basin
is how it could affect the location of the Intertropical Convergence Zone (ITCZ), which drives much of
the variability of southern African seasonal rainfall and temperature. The position of the ITCZ is
controlled, in part, by the El Niño Southern Oscillation (ENSO), which is the sea surface temperature
atmospheric pressure relationship in the Pacific Ocean. It varies between El Niño and La Niña
conditions and is often associated with dry and wet conditions respectively in much of southern
Africa, including the Zambezi River Basin. Global warming could push ENSO towards more frequent
El Niño or La Niña conditions, but this is not well understood by climate modellers at present.
The southern African region is prone to climatic extremes of prolonged droughts, dry spells during the
rainy season, heavy rainfall, severe floods and flash floods (EM-DAT, 2011), which appear to be
increasing in frequency and severity (Easterling et al., 2000). Severe recurrent droughts and floods
devastate crop and livestock production and thus escalate food insecurity, hunger and malnutrition.
There is still considerable uncertainty over rainfall changes in the summer rainfall regions. What is
known is that heavy rainfalls are already making up an increasing proportion of total rainfall in the
Zambezi River Basin (New et al., 2006; McSweeney et al., 2008). The wetter areas of the region (e.g.
northern-eastern Zambia and Malawi) are likely to experience increasingly heavy rainfall (Fig. 5),
along with stronger and a higher risk of flooding in late summer. GCM projections indicate a decline
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in the September-October-November (SON) rainfall and more intense rainfall in the DecemberJanuary-February (DJF) period. The south-western portion of the basin (in Zambia, Zimbabwe and
smaller parts of Namibia and Angola) are drier and more vulnerable to the effects of climate change.
Regardless of annual rainfall trends, the duration of dry periods is expected to increase. A shortening
of the crop growth period caused by the later rains and the more intense dry spells will be experienced
as increased rainfall variability, which will also affect crop production and livestock health. Some of
these effects are being experienced already.

Figure 3. Map of projected changes in mean annual temperature across the Zambezi River
Basin for the period 2040-2069 relative to 1961-2000, using five downscaled GCMs and the
SRES A1B scenario. Changes range from increases of 2.4°C in Tanzania (yellow) to increases
of 3.5°C in Angola/ Namibia/ Botswana (dark red). Davies and Wroblewski, unpublished.
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Figure 4. Map of projected changes in mean maximum temperature across the Zambezi River Basin for
the period 2040-2069 relative to 1961-2000, using five downscaled GCMs and the SRES A1B scenario.
Changes range from increases of 2.4°C in Tanzania (yellow) to increases of 4.4°C in Angola/ Namibia/
Botswana (dark red). Davies and Wroblewski, unpublished.

Figure 5. Map of projected annual rainfall changes across the Zambezi River Basin for the period 20402069 relative to 1961-2000, using five downscaled GCMs and the SRES A1B scenario. Changes range
from decreases in rainfall of up to 117mm per annum in Angola (dark brown), to increases of up to 90mm
per annum in Tanzania (dark blue). Davies and Wroblewski, unpublished.
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3 Risk and vulnerability mapping: approach and
methods
In consultation with stakeholders who attended a workshop early on in the project we have adopted a
mainstream approach for general vulnerability mapping of the basin which is based closely on
methods used as part of an earlier SADC-wide vulnerability mapping project (the Regional Climate
Change Programme for Southern Africa or RCCP); and an alternate approach for mapping
vulnerability to the principal specific climate harms that are expected to affect the basin. The latter
were identified by interviewing delegates at the workshop. The Zambezi Basin emerged as a major
hotspot for climate vulnerability in the course of the RCCP. Our general approach in tackling climate
vulnerability mapping for this important system has been to acquire higher resolution datasets
wherever possible and to include more relevant datasets many of which have been reworked or are
UNEP risk
modelin the
new for this analysis. For context, we believe that population change will be a critical
factor
region but we look at per capita resources and ratios rather than population density on its own. We
make use Exposure
of the MAP project
which provides good data on malaria incidence
and high resolution
Sensitivity
Exposure
Susceptibility
human population estimates.

3.1 A general climate vulnerability map for the Zambezi River Basin
Potential

Adaptive

Vulnerability

impact brush’ approach capacity
This represents a ‘broad
with the objective of identifying where people may be
expected to be most vulnerable to all of the major expected difficulties associated with climate change,
notably food security, water shortages, disasters and associated health problems. Our analysis for the
Vulnerability
Risk
RCCP was carried out along
the lines recommended by the Intergovernmental Panel on Climate
Change (IPCC). Vulnerability is here defined as ‘the degree to which a system is susceptible to, and
unable to cope with, adverse effects of climate change including climate variability and extremes’
(IPCC, 2007). For the Zambezi Basin assessment we include measures of exposure to harm (climaterelated risk factors),
of both people=and theRisk
environment to this harm (together comprising
X
Hazard sensitivity
Probability
the potential impact), and the capacity of human and environmental systems to deal with and respond
to those risks and their consequences (Figure 6).

Exposure

Adaptive capacity

Sensitivity

Potential impact

Vulnerability

Figure 6 Vulnerability and its components
An overview of the methods used for the RCCP is presented in the publication: Midgley, Davies and
Chesterman (2011). The approach was to develop a composite index of vulnerability. This is done by
combining the influence of different data layers into one summary layer. We used a total of 64 data
layers, 12 of which are new since the RCCP. These are listed and described in a separate Methods
Report (Davies and Wroblewski, unpublished report). The advantage of this approach is that it
presents an immediately accessible graphic representation of the expected distribution of the
problem. This is favoured by politicians and decision makers because it is expedient. In the course of
the RCCP the summary maps have proved very useful because they either help promote consensus or
they provide the start point for discussion and validation to begin.
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The method of combining these datasets involved standardising the scale of each to vary in integer
values ranging from 1 to 9, and then a simple summation of the layers could take place. However,
datasets which were considered to be more crucial to vulnerability, from a more reliable source, and in
good geographical resolution were allowed to have more influence on the final summary layers
(weighted up to *3) than datasets which were considered to be less crucial, less reliable, and of a crude
resolution (weighted * 1). Many of the adaptive capacity layers were only available at national scale
prior to this project so we accessed census report data given by province or administration district in
order to improve the resolution of these datasets. First, it was necessary to agree upon the boundaries
of these political areas. This was carried out by publishing the Digital Chart of the World (DCW)
administration districts data at the workshop in Harare and asking delegates to validate data for their
countries. Following this we were able to update errors in the DCW datasets.
The recommended approach of assessing climate vulnerability as exposure, sensitivity and capacity, is
widely used, permitting cross validation between similar assessments. But it has received criticism on
the basis of the loose definition of parameters (e.g. Hinkel 2011) and certain misuse of vulnerability
indicators has been identified. Of various uses identified for composite vulnerability indicators, only
the mapping of where people are expected to be most vulnerable emerged as justifiable. It is
recommended that such use be limited to local studies where specific pathways of harm and relevant
context are identified (Hinkel, 2011).
In particular, the process of aggregation of multiple datasets into a single indicator of vulnerability is
identified as being highly subjective and debatable. We acknowledge that our method of aggregation
may still be considered subjective so we evaluate this by rigorous sensitivity testing of the principal
outputs using different combinations and weightings. We shared an early proposed methodology
document with stakeholders to provide the opportunity of tailoring the methods to the requirements
of the interested parties. All suggestions made by the stakeholders were attended to by improvements
to the methods, but we faced certain limitations in the time scale and we were only able to access
administration district data for Malawi and province data for Zambia, Mozambique, Zimbabwe and
Namibia.
We used a deductive approach to combining variables into a simple aggregated index. This preserves
a measure of control over the variables that we consider most important to the subject being evaluated
e.g. GDP to capacity. Alternative inductive methods such as factor analysis or principal components
analysis which search for co-variation between the variables may be considered if a single dependent
variable exists. We were looking to evaluate multiple categories and so we chose not to use inductive
methods as these will tend to eliminate any additive influence of different indicators should they vary
in a similar way (e.g. GDP and education might show similar variation but both may be expected to
influence capacity).
We placed special emphasis on improving the following data layers for this high resolution analysis:
1. instead of national GDP, we accessed census data by province / administration district on
indices of household wealth e.g. upper and lower quintile values or % unemployed
2. by province / administration district, incidence of HIV
3. by province / administration district, relevant gender-related indicators
4. by province / administration district, numbers of orphans and vulnerable children
5. by province / administration district, issues affecting healthcare
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6.
7.
8.
9.
10.

by province / administration district, education level
high resolution population data (afriPOP) and malaria risk mapping outputs (MAP)
we investigated FEWSNET livelihoods data for suitable indicators
higher resolution, downscaled climate models
more per capita representations of the current and future relationships between people, water
and food.

A two-phased analysis was conducted, the first for the current and recent historical situation, and the
second for the mid-term future (ca. 2050).
For projections of future temperature and rainfall, we used the best available climate model outputs
for the region, using downscaled data and using combinations of these models in ensembles.
Fortunately some new downscaled climate model data are now accessible which were not available
during the RCCP. We used a selection of these models to assess how the extreme levels of droughts
are expected to change by decade over broad periods of time.
The General Circulation Models provide climate data at a global scale. The resolution of these models
is coarse and they cannot provide fine-detail separation of e.g. mountainous areas in Africa such as the
Rift Valley. Fortunately this fine resolution of detail is available in the CIAT / Worldclim climate
dataset which provides downscaled projections at 1km2 for certain GCM runs. This downscaling is
based upon excellent datasets e.g. the Shuttle Radar DEM, distance from the coast and other
measures described in Hijmans et al. (2005). We accessed rainfall and temperature data from five
(HADCM3, CSIRO, ECHAM5, CCCMA, MIROC-Hires) models for the period 2040-2069 from the
International Center for Tropical Agriculture (CIAT) website (and directly for MIROC). We selected
data that had been modelled assuming the SRES A1B scenario, and with a resolution of 30 arc seconds
(equivalent to 1km2). These data had been statistically downscaled using the Delta Method.
We calculated an average value for annual precipitation from the five models for the period 20402069 and used this to represent conditions for the 2050s. From this future annual precipitation value
we subtracted the climate baseline which was also derived from CIAT Worldclim datasets for the
period 1960-2000. This difference in precipitation is used as the anomaly in mm rain with negative
values representing drying. We reclassified the whole Africa dataset on a scale 1 to 9 and then clipped
the data to the Zambezi Basin outline (hydro1k data).
Average future maximum temperature of the warmest month from the five models was calculated for
the period 2040-2069 and used to represent conditions for the 2050s. From this future maximum
temperature value we subtracted the climate baseline which was also derived from CIAT Worldclim
datasets for the period 1960-2000. This difference in maximum temperature of the warmest month is
used as the anomaly in tenths of degrees C with positive values representing temperature gains. This
is used as a representation of the expected increase in extreme temperature i.e. potential heat stress.
We reclassified the whole Africa dataset on a scale 1 to 9 and then clipped the data to the Zambezi
Basin outline (hydro1k data).
Average future mean annual temperature was calculated from the five models for the period 20402069 and used this to represent conditions for the 2050s. From this mean annual future temperature
we subtracted the climate baseline which was also derived from CIAT Worldclim datasets for the
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period 1960-2000. This difference in mean annual temperature is used as the anomaly in tenths of
degrees C with positive values representing temperature gains and negative values representing
temperature decrease. We clipped the dataset to the Zambezi Basin outline (hydro1k data) and
reclassified the values on an integer scale from 9 (max temp gain) to 1 (min temp gain or loss).

3.2 Targeted climate vulnerability maps for specific harms
In addition to the broad-brush overview of vulnerability across the region we provide specific harm
case studies for the most vulnerable regions which are tailored to the nature of that harm. In these
components we pay careful attention to the entity that is affected (people inhabiting that location, or
communities sharing livelihoods), to their most significant experience of climate harm (droughts,
floods), and to their context in terms of how sensitive they are and how able they are to respond to the
harm, both in the short and the long term.
This second round of maps specifically addresses the expected harms identified during our workshop
in Harare in November 2011 (see Table 1 below extracted from our workshop report). In the course of
our prioritisation of these harms, drought was identified as the number one risk across the entire area
of the Zambezi Basin with associated consequences of food insecurity (crop failures) and health risks
(certain diseases are specifically associated with drought). So the primary targeted map is aimed at
identifying where people may be expected to be most vulnerable to the effects of drought during the
forthcoming century. The second major harm identified in our workshop was flooding which can
include an immediate disaster element and also specific diseases associated with these events. So we
developed a second targeted map to identify where people may be expected to be most vulnerable to
the harmful effects of flooding over the forthcoming century.
Table 1. Key climate harms identified for different regions of the Zambezi River Basin by
stakeholders present the Harare workshop, November 2011. The harms are listed in order of
considered importance.
Basin/country

Key harms

Basin-wide

Droughts, floods, seasonal changes, disease, heat stress

Zambia

Droughts, floods, seasonal changes, disease, heat stress

Zimbabwe

Droughts, floods, seasonal changes, disease, heat stress

Malawi

Droughts, floods, seasonal changes, disease

Mozambique

Droughts, floods, storms/cyclones, sea level rise
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4 Current general climate vulnerability summary layers
4.1 Exposure current
Exposure category layers used for the exposure summary layer (with weighting in brackets):
1. Coefficient of variation for inter-annual rainfall (2)
2. Coefficient of variation for monthly rainfall (2)
3. Risk of cyclones (2)
4. Risk of floods (2)
5. Standardised precipitation index (2)
6. Fire frequency (1)
7. Disaster events: number of events by area (1)
8. Disaster events: numbers affected per population (1)

Areas of high exposure to climate risk can be distinguished (red areas on the map):
1. Angola (Moxito province) and Western province of Zambia: The headwaters of the Luanginga
River (Angola), the west bank of the Zambezi River in Zambia and the Barotse floodplain in
Zambia include vast wetlands and receive high annual rainfall, although somewhat variable.
During the rainy season heavy rainfall leads to flooding which in some years can be excessive.
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2. Angola (Cuando Cubango province): The headwaters of the Cuando Cubango River and its
tributaries in the Angolan central plateau (Cuando Chobe subbasin) also receive high rainfall
causing flooding in the rainy season, which can be excessive. High rainfall variability and
occasional dry spells can be problematic.
3. Namibia (Kavango province) and Botswana (Ngamiland province): This low-lying area on
Kalahari sands (Cuando Chobe subbasin) experiences seasonal flooding which is occasionally
excessive. High rainfall variability and occasional dry spells and droughts can be problematic.
4. Zambia (Central and Southern provinces): The Kafue Flats area of the Kafue subbasin is a vast
seasonally inundated floodplain, with occasional excessive flooding. Rainfall can be irregular
and insufficient, with occasional dry spells and droughts.
5. Zambia (Southern province) and Zimbabwe (Matabeleland North, Mashonaland West): The
low-lying areas of the Zambezi Valley north (Gwembe Valley) and south of Lake Kariba
(Kariba subbasin) are hot and dry. Maximum temperatures can become very high, and rainfall
is frequently irregular and/or insufficient, with occasional droughts. The area is also
somewhat prone to flooding.
6. Zimbabwe (Mashonaland Central, Mashonaland East) and Mozambique (Tete province): The
area surrounding the Cahora Bassa Dam in the Tete subbasin is hot and dry. High maximum
temperature, highly variable (between years and within seasons) and often insufficient
rainfall, and droughts are experienced frequently. Occasional flooding and fires can be
problematic.
7. Malawi (Northern Malawi – Karonga, Central Malawi – southern Mzimba and Nkhotakota,
southern shore of Lake Malawi and outflow of Shire River - Mangochi, area south-east of
Blantyre): These areas of the Shire River and Lake Malawi/Nyassa/Nyasa subbasin are
exposed to dry spells and droughts, and occasionally heavy rainfall and flooding. Climaterelated disasters have in the past been frequent and have impacted a high number of people in
Malawi.
8. Malawi (Southern province) and Mozambique (Zambezia and northern Sofala provinces):
This area includes the southern Shire River and confluence with the Zambezi River, and the
lower Zambezi to the Zambezi Delta. Flooding, cyclones, dry spells and occasional droughts
are all highly problematic. Climate-related disasters have in the past been frequent and have
impacted a high number of people in Malawi and the basin part of Mozambique.
The map also depicts areas of apparent lower climate exposure (blue areas). These include the
northern parts of the Zambezi Basin in Angola and Zambia, parts of Western Zambia, the northern
parts of Zambia’s Eastern province and into the Northern province, the area north-east of Lake
Malawi/Nyassa/Nyasa in Tanzania. These areas, which are closer to the more stable climate of the
tropics, generally receive high and predictable rainfall, are generally not prone to drought, and are not
exposed to cyclones.
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4.2 Sensitivity current
Sensitivity category layers used for the sensitivity summary layer (with weighting in brackets):
1. Percent land under irrigation (3)
2. Human appropriation of net primary productivity (2)
3. Crowding on agricultural land (2)
4. Length of growing period (2)
5. Easily available soil moisture (3)
6. Soil degradation (2)
7. Slope (2)
8. Net primary productivity (2)
9. Major agricultural systems (1)
10. Own food production (1)
11. Protein consumption (1)
12. Dietary diversity (1)
13. Water withdrawals (2)
14. People living in water stress (2)
15. Forest loss (2)
16. Rainfall per capita (3)
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Areas of high sensitivity to climate harms can be distinguished (red areas on the map):
1. Zambia (Southern, Lusaka, Central provinces and Eastern province outside of Luangwa
Reserve): these are the more densely populated areas of Zambia, with a high human footprint
on land and water resources. Pressure on water resources per person is noticeable around the
capital city Lusaka and in the agricultural heartland south-west of Lusaka and parts of the
Eastern province. Poor soils with lower water holding properties, and steep slopes, with
accompanying high levels of soil degradation, are prevalent along the Luangwa and Zambezi
river escarpments. Soils are also degraded in the Kafue Flats. The Southern province has
lower primary productivity and a shorter growing season. Zambia is currently unable to
produce sufficient food for its needs and people’s diets are often not diverse enough. These
factors combine to render this region more sensitive to the consequences of climate stress.
2. Zambia (area around Ndola in Copperbelt province): This mining area’s population is growing
rapidly, with accompanying pressure on surrounding farmland and forests. Soils are
degrading thus reducing their productive potential although there is sufficient water and a
long growing season.
3. Zimbabwe (all basin areas, particularly Mashonaland, Manicaland and Midlands): this area
represents some of the most productive farmland of Zimbabwe with fairly high population
densities and pressure on land and water resources, particularly around the capital city
Harare and Mashonaland Central and East. The western parts of the basin in Zimbabwe and
the Zambezi River valley have a shorter growing season and lower net primary productivity
(NPP) (particularly Matabeleland North). A broad swathe of land south of the Zambezi River
between Livingstone and the river’s entry into Mozambique, extending into large areas of the
northern Midlands and Mashonaland West, has soils of lower water holding capacity. As a
nation, Zimbabwe has high water withdrawals from renewable resources, most of it for
irrigated agriculture. Much of the population is already living in water stress, particularly
around Harare and the central parts of the country. Zimbabwe is also currently unable to
produce sufficient food for its needs.
4. Mozambique (Tete province around the town of Tete and south of Cahora Bassa Dam): the
depth of sensitivity in this area is not as high as in parts of Zambia and Zimbabwe, and there
is an apparent amelioration of conditions towards the coast. It is nevertheless significant in
the Mozambican context. The main driver of sensitivity is the mining- and agriculture-driven
population growth in and around Tete town and the area south of the Cahora Bassa Dam on
the Zambezi River. Tete is also an important corridor between Zimbabwe, Malawi and
Mozambique. This brings about pressure on natural resources. Combined with lower NPP and
a short growing season, and poor soils of low moisture holding capacity, agricultural
production is difficult and variable. Diets are generally not diverse and nutrition insufficient.
5. Malawi (patches across the country, particularly Central and Southern provinces): Malawi is
generally highly sensitive owing to its high population density and pressure on natural
resources, especially around the capital city Lilongwe and other urban areas. Agricultural land
per person is in short supply. Although potential production is high, demands on water
resources are growing, particularly when seen on a per person basis.
The map also depicts areas of apparent lower sensitivity to climate harms (blue areas). These include
Angola (in contrast to exposure), north-western and western (west of Zambezi River) Zambia,
Luangwa River Valley (Zambia), basin areas in Namibia and Botswana, eastern shores of Lake
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Malawi/Nyassa/Nyasa (Mozambique Niassa), basin areas of Manica and Sofala Provinces and lower
Zambezi Valley (Mozambique).

4.3 Adaptive capacity current
Adaptive capacity category layers used for the adaptive capacity summary layer (with weighting in
brackets):
1. Infrastructure poverty (2)
2. Economic wealth (3)
3. Malnourishment in children under 5 years old (3)
4. Education Index (2)
5. Health expenditure (2)
6. Malaria incidence (1)
7. Tsetse fly habitat suitability (1)
8. Access to improved water (3)
9. Subscribers to a cellular network (1)
10. Travel time to nearest city (2)
11. Night lights (3)
12. Contribution of agriculture to Gross Domestic Product (2)
13. Water discharge (1)
14. Biodiversity (2)
15. Forest resources (1)
16. Irrigation potential (2)
17. Governance (2)
18. Conflicts (1)
19. HIV prevalence (3)
20. Healthcare access for women (3)
21. Vulnerability of children: orphans (3)
22. Unemployment (3)
23. Educational attainment (3)
24. Gender inequality: unemployment (3)
25. Gender inequality: education (3)
26. Gender inequality: female decision making (3)
27. Wealth: lowest quintile (3)
28. Wealth: highest quintile (1)
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Areas of low adaptive capacity can be distinguished (red areas on the map):
1. Angola (all basin areas but somewhat higher in the headwaters of the main Zambezi tributary
in the north with its plentiful water and forest resources): This region is still recovering from
recent prolonged conflict with devastating impacts on local communities and economies. It
suffers from very poor infrastructure and isolation from economic centres, combined with
political neglect and other governance issues. Poverty and malnourishment (especially in
children) are widespread, and the massive needs for improved public health care are not
reflected in the national budget. Health problems include malaria and tsetse fly, and waterborne diseases related to poor access to improved water and sanitation. Some parts of the area
do not enjoy high levels of biodiversity and forest cover which could offer adaptive options.
NOTE: Adaptive Capacity datalayers derived from census and DHS results were not available
for Angola, so that this summary result could be under- or overestimated since average values
were interpolated.
2. Zimbabwe (Matabeleland North): This province has a weaker infrastructure, level of cellular
connectivity and level of economic activity compared to other basin areas within Zimbabwe.
Apart from the area adjacent to the Zambezi River there are no large discharges of water
which could potentially be harnessed for adaptive purposes. The prevalence of HIV/AIDS is
high, there is a high proportion of orphaned children, and women have difficulty in accessing
health care. The rate of unemployment (especially women) and poverty are very high, linked
to lower rates of secondary education than elsewhere.
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3. Zimbabwe (Mashonaland Central): Whilst this province enjoys relatively stronger
infrastructure and economic activity and poverty is less deep than elsewhere (although wealth
is rare), adaptive capacity is compromised by significant health issues and challenges
experienced by women and children. The prevalence of HIV/AIDS is high and large numbers
of children are orphaned. A significant proportion of women experience difficulty in accessing
health care, and women suffer from higher levels of unemployment than men.
4. Zambia (Central, Eastern, Northern provinces): This broad swathe across the north-eastern
parts of the Zambian basin area has a complex combination of challenges which lower
adaptive capacity. The situation is somewhat better in the conservation areas of the Luangwa
River valley. In Central province HIV/AIDS prevalence, unemployment, and lower access by
girls and women to secondary education and employment are problematic. In Eastern
province and the basin area of Northern province, child malnourishment, incidence of malaria
and tsetse fly, low rates of secondary education (especially women) and few wealthy
households, problems women experience in accessing health care (especially in the north),
and lower female participation in decision making all lower adaptive capacity. Poverty is
particularly high in the Eastern province. Infrastructure is weak and communities more
isolated in the Northern province areas. There are patches of remoteness from significant
river water discharge especially in the Eastern province away from the Luangwa River, as well
as patches of lower biodiversity and forest cover (noticeable in populated areas around Kabwe
and the southern parts of Eastern province).
5. Tanzania (Ruvuma, Iringa, Mbeya): This region of Tanzania surrounding the northern and
north-eastern shores of Lake Malawi/Nyassa/Nyasa is highly reliant on agriculture, with low
levels of economic activity GDP and income and poor connectivity to the urban centres and
communication networks. The population suffers from high levels of child malnutrition
(especially Iringa province), and exposure to malaria and tsetse fly (especially Ruvuma
province), but national health expenditure is relatively low. NOTE: Adaptive Capacity
datalayers derived from census and DHS results were not available for Tanzania, so that this
summary result could be under- or overestimated since average values were interpolated.
6. Malawi (Central Province – districts of Mchinji, Dowa, Ntchisi, Salima; Southern Province –
Mangochi district): The high population of Malawi and a national economy highly reliant on
agriculture result in a relatively low GDP per person and relatively high levels of poverty. In
these districts, malnutrition, malaria, unemployment (especially in Mangochi on the southern
lakeshore), and gender inequality all add to low levels of adaptive capacity. Women have
difficulty accessing healthcare, are more likely to be less educated and unemployed than men,
and have low participation in household decision making. In addition, these areas have a
lower biodiversity and suffer from deforestation, thus reducing adaptation options offered by
ecosystem services. The northern areas of Malawi are somewhat better off in these respects.
7. Mozambique: There are pockets of low adaptive capacity but these are not extensive. Areas of
concern include high levels of child malnutrition, low levels of education, and lack of access to
improved water.
The map also depicts areas of apparent higher adaptive capacity (blue areas). These include
Northwestern province and parts of Western, Lusaka and Southern provinces (Zambia); Caprivi
(Namibia); basin areas of Botswana; Midlands (Zimbabwe), Northern Province and areas around
Lilongwe, Blantyre and Mulanje (Malawi); western Tete and northern Sofala provinces
(Mozambique).
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4.4 Impact current
Impact overlay (current/recent historical): We derived this layer as (sensitivity summary +
exposure summary).

Areas of high impact can be distinguished (red areas on the map):
1.

2.
3.
4.
5.
6.
7.
8.

Patches of south-east Angola and Western Zambia, Kavango (Namibia)/Ngamiland
(Botswana): an area of lower current impact along the southern Angolan tributaries
(Luanginga and Barotse floodplain, Cuando), which experience high climate exposure but
have lower sensitivity to these risks.
Zambia – Kafue River as it turns east and through the Kafue Flats: high exposure and high
sensitivity (extending east to Kabwe)
Zambia - area south and east of Lusaka: moderately high exposure but very high sensitivity
Zambia and Zimbabwe – area surrounding Lake Kariba: very high exposure and high
sensitivity
Zambia – southern parts of Eastern province: moderately high exposure and high sensitivity
Zimbabwe – Matabeleland North: high exposure and high sensitivity
Zimbabwe – Midlands: lower exposure but high sensitivity
Zimbabwe – Mashonaland West, particularly west of Harare: high exposure and high
sensitivity
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9. Zimbabwe – Mashonaland Central, Mashonaland East, Harare, Manicaland: moderate
exposure and high/very high sensitivity
10. Mozambique – Tete province, area north of Cahora Bassa Dam: very high exposure but lower
sensitivity
11. Mozambique – Tete province, area south and south-east of Cahora Bassa Dam: very high
exposure and moderately high sensitivity (high around Tete town)
12. Malawi – pockets around Lake Malawi and in Mchinji, highest in northernmost part of
country, southern Mzimba and Mangochi: mainly linked to high exposure, sensitivity plays a
greater role in Mchinji and Mangochi
13. Southern Malawi (area south-east of Blantyre) and Mozambique (basin parts of Zambezia
province and area around confluence of Shire and Zambezi Rivers): very high exposure and
moderate sensitivity in Malawi and Zambezia province.
The map also depicts areas of apparent lesser impact (blue areas). These include northern Angola and
north-western Zambia; most of the Luangwa subbasin in Zambia; and the area north-east of Lake
Malawi/Nyassa/Nyasa in Tanzania (Ruvuma and parts of Iringa).
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4.5 Vulnerability hotspots current
Vulnerability overlay (current/recent historical): We derived this layer as (sensitivity
summary + exposure summary + adaptive capacity summary).

Areas of high vulnerability (hotspots) can be distinguished (red areas on the map):
1.

Angola – Cuando Cubango province: This patch of moderate impact (mainly exposure)
becomes highly vulnerable when combined with very low adaptive capacity. NOTE: Adaptive
Capacity datalayers derived from census and DHS results were not available for Angola, so
that this overlay result could be under- or overestimated.
2. Zambia – western parts of Central province including Kafue Flats: high impact (exposure and
sensitivity) combined with low adaptive capacity
3. Zambia and Zimbabwe – area surrounding Lake Kariba but much more intense on the
Zimbabwe side: very high impact (exposure and sensitivity) and low adaptive capacity
(Zimbabwe) but higher adaptive capacity on the Zambian side
4. Zambia – most of Eastern province except northern parts and Luangwa valley, particularly
intense around Nyimba/Sinda: high impact in the southern parts (Nyimba/Sinda – exposure,
general sensitivity) combined with very low adaptive capacity across the province
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5.
6.
7.
8.
9.
10.
11.
12.

13.

Zimbabwe – Matabeleland North: high impact (exposure and sensitivity) combined with low
adaptive capacity
Zimbabwe – Mashonaland West, particularly southern parts: high impact (exposure and
sensitivity) combined with moderately low adaptive capacity
Zimbabwe – Mashonaland Central, particularly towards Tete: high impact (mainly sensitivity)
combined with low adaptive capacity
Zimbabwe – Mashonaland East, Harare and Manicaland: high impact (exposure and
sensitivity) but higher adaptive capacity, thus a less intense hotspot
Mozambique – Tete province, area north of Cahora Bassa Dam: high impact (mainly
exposure) but higher adaptive capacity, thus a less intense hotspot
Mozambique – Tete province, area south and south-east of Cahora Bassa Dam: high impact
(exposure and sensitivity) but higher adaptive capacity, thus a less intense hotspot
Malawi – Central province (Mchinji and east towards Lake Malawi, Mangochi): high impact
(exposure and sensitivity) combined with low adaptive capacity
Southern Malawi (area south-east of Blantyre) and Mozambique (basin parts of Zambezia
province and area around confluence of Shire and Zambezi Rivers): high impact (particularly
exposure with sensitivity in southern Malawi), but moderate adaptive capacity, thus a
moderate hotspot.
Tanzania – Mbeya and Iringa: moderate impact (mainly sensitivity) combined with low
adaptive capacity. NOTE: Adaptive Capacity datalayers derived from census and DHS results
were not available for Tanzania, so that this overlay result could be under- or overestimated.

Areas of apparent resilience (blue areas) seem to emanate from the more stable climate of the tropics
in the northern areas, the infrastructure and wealth of the south-west block countries (Namibia,
Botswana), lower population densities across the western parts of the basin, and apparent
amelioration of conditions towards the coastal region.
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5 Future general climate vulnerability summary layers
In addition to the layers used for the current /recent historical summary layers (given above), the
following layers were included to project changes by mid-century (ca. 2050). The 2050 exposure data
are thus an improvement on the RCCP by incorporation of more layers and fine resolution, although
projected.

5.1 Exposure 2050
Additional exposure category layers used for the exposure summary layer (weighting in brackets):
1. One in 10 year drought (1)
2. Worldclim ensemble precipitation change (3)
3. Worldclim ensemble maximum temperature change (2)
4. Worldclim ensemble mean temperature change (3)
5. Loss of suitability for cropland (2)
6. Sea level rise (2)
7. Infrastructure risk of sea level rise
8. Infrastructure value threatened by sea level rise (3)
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The following changes to climate exposure are projected for 2050 relative to the current situation:
1. Angola (all except north-east), Zambia (Western province), Namibia and Botswana (all basin
areas): This vast area of the western basin is projected to become much more exposed to
climate stress relating to reductions in annual precipitation (Angola, W.Zambia), increasing
risk of drought, and strong increases in annual and maximum temperature. This is likely to
initially have the greatest impact in the southern part of this area where rainfall variability
and dry spells/drought are already problematic.
2. Zambia (Central and Southern provinces) and Zimbabwe (Matabeleland North, Midlands,
Mashonaland West, Manicaland): Intensification of exposure is projected owing to increasing
risk of drought, moderate decline in annual precipitation (stronger in central Zimbabwe),
moderately strong warming, and, importantly, substantial areas of projected loss of cropland.
The area of high exposure extends into the Midlands.
3. Zimbabwe (Mashonaland Central and East) and Mozambique (Tete): Possible reduction in
exposure due to projected stable or increased annual rainfall and lower rate of warming, but
remaining highly exposed relative to the whole basin.
4. Malawi (Northern and Central Malawi): Projected reduction in exposure due to likely
increased annual rainfall and lower rate of warming.
5. Malawi (Southern province) and Mozambique (Zambezia and northern Sofala provinces):
Continued high exposure extending to the Blantyre area of southern Malawi due to projected
decreased rainfall and likely loss of cropland. Continued high exposure in area of confluence
of Shire and Zambezi Rivers, with decreased rainfall and increased risk of drought, as well as
increased risk of flooding. The lower Zambezi and Delta in Mozambique remain highly
exposed, with flooding and sea level rise and impacts on infrastructure posing additional
climate risks.
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5.2 Sensitivity 2050
Additional sensitivity category layers used for the sensitivity summary layer (weighting in brackets):
1. Rainfall per capita 2050 (3)
2. Per capita rainfall change (3)
3. Additional people 2050 (2)
4. Additional population density by 2050 (3)

The following changes to sensitivity are projected for 2050 relative to the current situation:
1. Zambia (Southern province, Lusaka, Ndola and surrounds in the Copperbelt, southern parts
of the Eastern province and other smaller centres): These urban and already more densely
populated areas are expected to experience continued population growth, thus increasing
pressure on resources and sensitivity.
2. Zimbabwe: Relatively lower increases in population are expected for Zimbabwe than other
parts of the basin. This appears to reduce sensitivity over many areas of high current
sensitivity. Sensitivity becomes patchier but remains higher in and around Harare,
Mashonaland Central and East, and the southern part of Mashonaland West.
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3. Mozambique (Tete province around the town of Tete and south of Cahora Bassa Dam): High
rates of population growth are expected in and around Tete town and the area north-east of
the town towards the border with Malawi. This area will remain sensitive.
4. Malawi (countrywide, particularly Central and Southern provinces): Greatly increased
sensitivity is expected across the country due to high population growth rates in most areas,
particularly within the central and southern provinces. This is likely to decrease per capita
access to resources such as land and water, especially in the south.
5. Tanzania (patches): Areas of current sensitivity will intensify, particularly in Mbeya, due to
increasing population numbers.

5.3 Impact 2050
Impact overlay (future): We derived this layer as (sensitivity summary + exposure summary).

The following changes to climate impact are projected for 2050 relative to the current situation, with
greatest impact concentrated in the southern basin:
1. Angola (all except north-east but concentrated in Cuando Cubango), Zambia (Western
province): Areas of current patchy impact show significantly increased intensity and area of
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impact with a notable area in the headwaters of the Lungue River tributary in south-eastern
Angola. This is brought about by the likely very negative climate futures for this area.
2. Zambia (Central and Southern provinces and the area around Lusaka) and Zimbabwe (central
and north-central areas): Intensification of exposure is projected for the Zambian area, which
consolidates into one large area of very high impact. This is driven by a negative climate
future as well as increasing sensitivity. Central Zimbabwe also shows intensification of impact
in some parts, owing mainly to a negative climate future.
3. Zambia (eastern Lusaka and Eastern province), Zimbabwe (northernmost areas) and
Mozambique (Tete): These areas show reductions in impact due to a less negative climate
future. The exception is the area between Cahora Bassa Dam and Tete town and south of the
Dam, which remains an area of high impact due to increased sensitivity.
4. Malawi (Northern and most of Central Malawi): Projected reduction in impact due to a less
negative climate future which more than balances against the strong increase in sensitivity
relating to population growth.
5. Malawi (southern part of Southern province) and Mozambique (Zambezia and northern
Sofala provinces): The south-eastern extremity of Malawi shows strong intensification of
impact (much of this relating to population growth), and this now extends into the southwestern parts around Blantyre. A negative climate future combined with a strong increase in
sensitivity drives this change. Impact remains high in the area of confluence of Shire and
Zambezi Rivers, due mainly to a negative climate future. Continued high exposure along the
lower Zambezi River and Delta is balanced against relatively lower sensitivity.
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5.4 Vulnerability hotspots 2050
Vulnerability overlay (future): We derived this layer as (sensitivity summary + exposure
summary + adaptive capacity summary).

The following changes to climate vulnerability are projected for 2050 relative to the current situation:
1.

Angola – Moxito and Cuando Cubango provinces: A very intense and large vulnerability
hotspot emerges, particularly in the area between the headwaters of the Lungue and Cuando
Rivers which is characterized by very low adaptive capacity and is projected as a high impact
area. NOTE: Adaptive Capacity datalayers derived from census and DHS results were not
available for Angola, so that this overlay result could be under- or overestimated.
2. Zambia – western parts of Central province including Kafue Flats: this area of moderately
high impact emerges as a strong vulnerability hotspot owing to its low adaptive capacity
3. Zambia and Zimbabwe – area surrounding Lake Kariba: this vulnerability hotspot on the
Zambian side becomes more intense due to increased impact but is still balanced to some
extent by relatively higher adaptive capacity. On the Zimbabwe side of the Lake in
Matabeleland North (in proximity to the Zambezi River and Lake Kariba), the hotspot is still
very strong but somewhat less intense due to slightly reduced impact.
4. Zambia – Eastern province except northern parts and Luangwa valley: the area of this hotspot
contracts somewhat but it remains intense around Nyimba/Sinda. This results from a
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5.
6.
7.
8.
9.

10.
11.

12.

combination of less negative climate futures but increasing population density and thus
sensitivity around the larger towns.
Zimbabwe – Matabeleland North (further away from the Zambezi River and Lake Kariba):
vulnerability remains very high due to both future high impact and low adaptive capacity
Zimbabwe – Mashonaland West, particularly southern parts: vulnerability related to very
high future impact combined with moderately low adaptive capacity
Zimbabwe – Mashonaland Central: moderately high vulnerability resulting from moderately
high impact combined with low adaptive capacity
Zimbabwe – Mashonaland East, Harare and Manicaland: moderately high vulnerability
resulting from high impact but higher adaptive capacity
Mozambique – Tete province, around Cahora Bassa Dam: this currently less intense hotspot
becomes even less intense due to a more favourable climate future. Only the immediate
surroundings of Tete town remain vulnerable.
Malawi – Central province: Mchinji and Mangochi districts remain highly vulnerable but the
area east of Mchinji becomes less vulnerable due to a more favourable climate future.
Southern Malawi (south-east) and Mozambique (basin parts of Zambezia province and area
around confluence of Shire and Zambezi Rivers): this vulnerability hotspot becomes more
intense and extends to include the area around Blantyre, due to a combination of increasing
exposure and sensitivity (Malawi) and moderately low adaptive capacity.
Tanzania – Mbeya and Iringa: this area is no longer a hotspot due to the more favourable
climate future. NOTE: Adaptive Capacity datalayers derived from census and DHS results
were not available for Tanzania, so that this overlay result could be under- or overestimated.

5.5 Areas of greatest concern
We now turn to identifying, on an administrative level (province/district), where the areas of highest
or lowest impact and vulnerability are located, in the whole basin context, and how this is likely to
change under climate change.
This provides a possible starting point for highlighting specific provinces/districts which are:
1. Currently highly ranked and likely to remain so (e.g. south-eastern corner of Malawi)
2. not currently highly ranked but likely to become highly ranked (e.g. south-eastern corner of
Angola)
3. currently highly ranked but likely to become less highly ranked (e.g. northern Malawi)
4. not currently highly ranked and likely to remain so (e.g. northern Zambia) – thus centres of
resilience
Each of these possibilities will require careful analysis and corresponding response strategies. For
example, those falling into category 4 probably offer areas of resilience and refugia, whereas those
falling into category 2 are probably at risk of neglect and could suffer from lack of adaptation if this is
not planned for. Also, the future of specific land uses and other economic activities characteristic of
each area should be analysed within this context when national and sub-national or even basin-level
climate change response strategies are developed.
The following table shows provinces or, in the case of Malawi, districts in order of rank across the
basin in accordance with their mean value for Impact Current and Impact Future. This was calculated
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using the zonal statistics function in ArcGIS. The last column shows the change in rank relative to all
administrative units across the basin. It should be noted that a change in rank does not say anything
about changes in absolute climate impact, merely that the provincial impact has increased or
decreased relative to the other provinces.
Table 2. Ranking of administrative units according to potential impact of climate stressors
(exposure and sensitivity), both currently and in the future (ca. 2050), with Rank = 1 indicating
highest impact. Those change values highlighted in grey show high projected increases in
potential impacts from climate risk (change in rank 10) from current to 2050.

Country
Malawi
Zimbabwe
Zimbabwe
Malawi
Malawi
Malawi
Zimbabwe
Malawi
Zimbabwe
Zimbabwe
Zimbabwe
Zimbabwe
Zimbabwe
Mozambique
Malawi
Malawi
Mozambique
Malawi
Zambia
Zambia
Malawi
Malawi
Malawi
Malawi
Malawi
Malawi
Botswana
Mozambique
Malawi
Malawi
Malawi

Province/District
Mulanje
Mashonaland West
Masvingo*
Chiradzulu
Phalombe
Thyolo
Mashonaland East
Nsanje
Mashonaland Central
Matabeleland North
Manicaland
Midlands
Matabeleland South
Zambezia
Mchinji
Mangochi
Tete
Chitipa
Southern
Lusaka
Mzimba
Machinga
Balaka
Zomba
Ntcheu
Blantyre
Ngamiland
Manica
Kasungu
Karonga
Nkhotakota
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Mean
current
impact
value
405.47
395.68
391.18
382.88
381.40
377.28
376.48
375.95
374.60
365.40
360.28
356.61
346.46
337.52
314.26
312.10
307.96
305.95
304.63
303.59
286.87
285.44
281.87
279.14
275.67
275.67
268.58
264.46
262.88
258.38
256.12

Rank
current
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Mean
future
impact
value
517.78
386.63
499.00
485.64
496.33
491.02
398.94
484.77
356.49
398.51
391.99
426.92
426.49
373.36
289.19
247.91
301.71
187.40
404.57
335.06
225.26
289.52
300.04
359.70
310.64
421.70
238.87
314.38
220.21
141.38
191.36

Rank
future
1
15
2
5
3
4
11
6
19
12
13
7
8
16
31
38
27
49
10
21
40
30
28
18
25
9
39
24
41
56
47

Change in
rank
0
-13
+1
-1
+2
+2
-4
+2
-10
-2
-2
+5
+5
-2
-16
-22
-10
-31
+9
-1
-19
-8
-5
+6
0
+17
-12
+4
-12
-26
-16
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Country
Tanzania
Malawi
Malawi
Malawi
Malawi
Malawi
Malawi
Namibia
Malawi
Malawi
Zambia
Mozambique
Malawi
Malawi
Zambia
Namibia
Botswana
Malawi
Zambia
Mozambique
Angola
Zambia
Zambia
Tanzania
Zambia
Tanzania
Angola
Angola
DRC

Province/District
Mbeya
Mwanza
Chikwawa
Lilongwe
Ntchisi
Salima
Neno
Kavango
Rumphi
Dedza
Central
Sofala
Likoma
Dowa
Eastern
Caprivi
Chobe
Nkhata Bay
Western
Niassa
Cuando Cubango
Northern
Copperbelt
Iringa
North-Western
Ruvuma
Bie
Moxico
Shaba

Mean
current
impact
value
254.78
252.77
247.27
245.01
241.56
239.32
236.66
236.06
233.45
231.82
226.15
223.74
222.84
219.93
207.88
198.70
193.38
191.44
186.99
182.60
178.77
165.79
153.79
127.22
107.24
104.34
103.67
96.72
80.89

Rank
current
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Mean
future
impact
value
163.34
369.31
388.52
283.70
203.06
187.97
351.97
287.22
163.72
276.09
276.60
294.68
153.00
213.25
187.00
270.77
218.67
156.85
309.87
128.92
331.79
138.87
211.51
82.37
215.79
62.92
326.33
248.87
179.79

Rank
future
53
17
14
33
46
48
20
32
52
35
34
29
55
44
50
36
42
54
26
58
22
57
45
59
43
60
23
37
51

Change in
rank
-21
+16
+20
+2
-10
-11
+18
+7
-12
+6
+8
+14
-11
+1
-4
+11
+6
-5
+24
-7
+30
-4
+9
-4
+13
-3
+35
+22
+9

*The Basin area within Masvingo Province is very small at only 38.8 km2
Additionally, in order to identify which administration districts across the basin (this was only done at
basin level) are clustered in areas of high or low values for impact 2050, we conducted a hot spot
analysis (Getis-Ord GI) in the spatial statistics toolset of ArcGIS. Areas of high impact (red hot-spots)
and areas of resilience (blue cold-spots) for 2050 were identified using spatial statistics, overlaid with
administration districts for ease of identification. Statistical confidence levels are high at greater than
95%.
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The most significant “hotspot” for future “impact” emerges in southern Malawi and surrounding
districts of Mozambique. This area contains the lower Shire River and the confluence of the Shire and
Zambezi Rivers in Mozambique. The area is already currently highly impacted by climate-related
stressors including variable rainfall, droughts, floods and tropical cyclones. This is expected to worsen
during the course of the next few decades. High numbers of people live in this area and population
growth rates in Malawi will increase the current sensitivity of the socio-ecological system.
A second “hotspot” for future “impact” is apparent in central Zimbabwe, extending outwards to
include most of the basin areas within this country as well as the adjoining areas of southern Zambia
and Lusaka. This area is also currently highly impacted by climate stressors owing to both high
exposure and high sensitivity. Future conditions will likely increase exposure in particular.
A significant future “resilience spot” for “impact” is evident in central and northern Malawi and
surrounding districts of Niassa (Mozambique), Tanzania, and Zambia. The area currently contains
patches of higher impact but these could apparently be mitigated by a more favourable climate future.
The north-west border area of Zambia with the DRC and the north-eastern basin area of Angola also
emerge as a future “resilience spot” for “impact”. These areas are currently much less vulnerable than
other parts of the basin and appear likely to stay that way in the next few decades.
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The following table shows provinces, or in the case of Malawi, districts in order of rank across the
basin in accordance with their mean value for Vulnerability Hotspots Current and Vulnerability
Hotspots Future. This was calculated using the zonal statistics function in ArcGIS. The last column
shows the change in rank relative to all administrative units across the basin. Those change values
highlighted in grey show high projected increases in climate-related vulnerability (change in rank ≤10) from 2008 to 2050.
Table 3. Ranking of administrative units according to climate-related vulnerability, both
currently and in the future (ca. 2050). Those change values highlighted in grey show high
projected increases in climate-related vulnerability (change in rank 10) from current to 2050.

Country
Malawi
Malawi
Malawi
Zimbabwe
Zimbabwe
Zimbabwe
Malawi
Zimbabwe
Malawi
Malawi
Zimbabwe
Zimbabwe
Mozambique
Zimbabwe
Malawi
Malawi
Malawi
Malawi
Malawi
Tanzania
Zambia
Malawi
Zambia
Malawi
Mozambique
Malawi
Malawi
Zambia
Zimbabwe
Zambia

Province/District
Phalombe
Mchinji
Mangochi
Masvingo*
Matabeleland North
Mashonaland Central
Salima
Mashonaland West
Ntchisi
Chiradzulu
Mashonaland East
Manicaland
Zambezia
Matabeleland South
Thyolo
Mulanje
Dowa
Nsanje
Machinga
Mbeya
Eastern
Balaka
Central
Ntcheu
Tete
Kasungu
Zomba
Southern
Midlands
Lusaka
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Mean
current
hotspot
value
36.52
32.39
31.88
30.17
29.83
27.81
26.25
26.08
25.49
24.06
23.18
22.62
21.94
21.45
21.28
21.16
20.92
20.72
20.56
20.31
18.76
18.37
18.36
17.97
17.68
17.60
17.18
16.93
16.81
16.50

Rank
current
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Mean
future
hotspot
value
46.90
29.69
25.13
40.08
32.58
26.50
20.49
25.57
21.32
30.68
24.54
24.66
24.27
26.31
27.81
27.06
20.20
26.81
20.75
12.93
16.84
19.51
22.54
20.41
17.21
14.67
22.13
22.71
20.45
18.33

Rank
future
1
8
16
2
5
12
28
15
25
6
18
17
19
13
9
10
32
11
27
44
38
34
21
30
37
42
22
20
29
36

Change in
rank
0
-6
-13
+2
0
-6
-21
-7
-16
+4
-7
-5
-6
+1
+6
+6
-15
+7
-8
-24
-17
-12
+2
-6
-12
-16
+5
+8
0
-6
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Country
Malawi
Malawi
Malawi
Angola
Mozambique
Malawi
Malawi
Malawi
DRC
Malawi
Malawi
Malawi
Malawi
Namibia
Tanzania
Zambia
Malawi
Malawi
Malawi
Mozambique
Tanzania
Zambia
Angola
Botswana
Namibia
Zambia
Mozambique
Angola
Botswana
Zambia

Province/District
Dedza
Nkhotakota
Chikwawa
Cuando Cubango
Manica
Chitipa
Mwanza
Neno
Shaba
Blantyre
Lilongwe
Mzimba
Likoma
Kavango
Iringa
Northern
Karonga
Nkhata Bay
Rumphi
Sofala
Ruvuma
Western
Bie
Ngamiland
Caprivi
Copperbelt
Niassa
Moxico
Chobe
North-Western

Mean
current
hotspot
value
16.44
16.32
16.28
16.24
15.49
14.62
14.35
14.29
13.95
13.82
13.66
13.55
13.24
13.09
12.98
12.77
11.60
11.55
10.66
10.62
10.31
9.91
9.70
9.66
9.21
9.02
8.19
7.71
6.79
5.09

Rank
current
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Mean
future
hotspot
value
19.67
12.00
25.74
30.37
18.42
8.82
21.09
21.50
33.02
21.35
15.83
10.48
8.68
16.01
8.26
10.70
6.14
9.26
7.32
14.15
6.09
16.69
32.78
8.55
12.79
12.44
5.65
20.28
7.77
10.55

Rank
future
33
47
14
7
35
52
26
23
3
24
41
50
53
40
55
48
58
51
57
43
59
39
4
54
45
46
60
31
56
49

Change in
rank
-2
-15
+19
+27
0
-16
+11
+15
+36
+16
0
-8
-10
+4
-10
-2
-11
-3
-8
+7
-8
+13
+49
0
+10
+10
-3
+27
+3
+11

*The Basin area within Masvingo Province is very small at only 38.8 km2
For hotspots 2050 we also conducted a hot spot analysis (Getis-Ord GI) in the spatial statistics toolset
of ArcGIS. Areas of high vulnerability (red hot-spots) and areas of resilience (blue cold-spots) for
2050 were identified, overlaid with administration districts for ease of identification. Statistical
confidence levels are high at greater than 95%.
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After Adaptive Capacity is taken into account, only moderate shifts appear on this map compared to
the previous map for future impact. The “hotspot” and “resilience spot” in southern and northern
Malawi remain, with the former concentrating in the area east/south-east of Blantyre, and the latter
shifting into northern Malawi where adaptive capacity is higher. The centre of resilience in northern
Malawi appears to be related to better child nutrition (this likely linked to more diversified
agriculture), a better health situation, higher forest cover, and better incomes (lower chronic poverty)
compared to southern Malawi.
The vulnerability “hotspot” in Zimbabwe shifts south into Matabeleland North (apparently on account
of adaptive capacity), parts of the Midlands and around Harare, and contracts on the Zambian side.
A significant “hotspot” emerges in Angola, owing to the strong influence of very low adaptive capacity
when overlaid with future climate stress (exposure).
Weaker vulnerability “resilience spots”, or centres of resilience, become evident in Namibia (Caprivi)
and parts of Western and North-western Zambia. While there is expected to be some impact of climate
stressors in Caprivi, Namibia’s indicators for adaptive capacity tend to be better than many of its
neighbours. Both areas have good water and biodiversity resources, and the Zambian area is well
forested and has lower levels of social vulnerability.
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5.6 Vulnerability of women and children
The ‘gender indicators map’ is derived from the datalayers:
1. Healthcare access
2. Gender inequality: unemployment
3. Gender inequality: education
4. Gender inequality: female decisions
Red values indicate where women face problems accessing healthcare, have lower involvement in
decision making, have higher levels than men of unemployment and lower levels than men of
educational attainment.
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The ‘child vulnerability’ map is derived from the datalayers:
1. Malnourishment in children under 5 years old (an excellent database)
2. Vulnerability of children: orphans
Red values indicate where malnourishment in children under the age of 5 and the percentage of
children with both parents dead is high.

6 Targeted vulnerability layers for specific harms
We assessed the spatial risk of the two major climate-related harms within the Zambezi River Basin,
namely droughts and floods.

6.1 Droughts
For assessing future vulnerability across the basin specifically to drought, we assembled 29 variables
into a composite index. Only variables with a direct link to drought vulnerability were chosen. We
used the same weightings as for the general vulnerability index, based (in descending order of
influence) on: 1. importance to the theme, 2. confidence that the data were accurate and reliable, and
3. geographic resolution.
Three adaptive capacity layers (values were inverted):
1. Reliance upon agriculture in GDP
2. Water discharge accessibility
3. Irrigation potential
Seventeen sensitivity layers:
1. Sensitivity ranking of agricultural system
2. Human appropriation of net primary productivity
3. Easily available soil moisture
4. Diet diversity
5. Own food production
6. Amount of land under local irrigation (inverted)
7. Length of the growing period
8. Net primary productivity
9. Protein consumption
10. Rainfall per capita 2050
11. Rainfall per capita change 2000 - 2050
12. High resolution estimation of additional people to be accommodated 2050
13. Low resolution projections of additional people by country
14. Slope
15. Soil degradation
16. Proportion of people living in water stress
17. Amount of water withdrawals.
Nine exposure layers:
1. Interannual variation (c.v.) in rainfall
2. Intra-annual variation in rainfall (seasonality)
3. Standardised precipitation index
4. Proportion of national populations affected by disasters
5. Projected worsening value for the one in ten year drought
6. Projected precipitation change
7. Projected mean temperature change
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8. Projected maximum temperature change
9. Projected changes in cropland suitability
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6.2 Floods
For assessing future vulnerability across the basin specifically to floods, we assembled six variables
into a composite index. Only variables with a direct link to flood vulnerability were chosen. Notably
malaria is a high impact human disease which may be closely associated with floods. We used the
same weightings as for the general vulnerability index, based in descending order of influence on: 1.
importance to the theme, 2. confidence that the data were accurate and reliable, and 3. geographic
resolution.
Two adaptive capacity layers (values were inverted):
1. Suitability for malaria
2. Access to improved water (by nation)
Four exposure layers:
1. General risk of sea level rise (and storm surges)
2. Risk of cyclones
3. Flood frequency
4. Proportion of national populations affected by disasters

7 Discussion: risk & vulnerability and response options
In a developing region such as the Zambezi River Basin (ZRB), the impacts of and responses to
climate variability and climate change must be assessed within the contexts of economic and social
development, and the existence and sustainable use of environmental goods and services. The latter
are essential ingredients for development, whether for agricultural development, sustainable forestry
and fisheries, nature-based tourism, energy generation, or for the provision of essential services to the
population e.g. access to improved water. The development of every nation within the ZRB will
depend strongly on the future harnessing of its vast untapped natural resources, while ensuring that
areas of high usage do so sustainably and equitably.
Climate change threatens development since it impacts directly on natural resources and affects
populations and economic activities in numerous indirect ways. However, the nature and extent of
this threat must be rationally analysed to identify real rather than perceived threats, as well as
potential opportunities balanced against risks. The ZRB presents an excellent case study for such
analysis, since it is characterised by widely ranging climate systems, socio-economic systems and
ecosystems, and these will be subjected to climatic shifts which appear to range equally widely from
severe drying and warming in the south-west to wetting and moderate warming in the north-east. The
resulting matrix of possible scenarios is complex and fascinating. We do not attempt to fully unpack
this here, but merely indicate the possible directions of further investigation the current spatial
analysis could open up. This will hopefully stimulate further research, analysis, dialogue and response
prioritisation within the Basin.

7.1 Spatial patterns: subbasins
Whilst in previous chapters we described results on the basis of countries and administrative units, we
take a different approach here. Since we are studying a major river basin, reference to the subbasins
and their contribution to the overall river system make for an interesting point of departure. This
approach is also useful for planning purposes within each subbasin. We use the classification and
mapping of the subbasins reported in World Bank (2010) – refer to Fig. 1 on Page 11.
1.

Zambezi Delta: The Delta and Lower Zambezi up to the confluence with the Shire River (all
in Mozambique) is at high risk of flooding and tropical cyclones, both of which are probably
not as well explored in this study as risks associated with drought. An assessment of future
flood risk requires a hydrological modeling approach which was beyond the scope of this
study. Projections of future cyclone activity are internationally still very rudimentary.
However, this study does capture some of the risks associated with sea level rise. Apart from
coastal threats, the impacts on this subbasin will derive from the sum of everything that
happens upstream, taking into account climatic changes as well as the productive use of water
for development. In the nearer term, responses should focus on immediate coastal threats and
the known threat of occasional excess flooding.

2. Tete: River flow in this subbasin is dominated by the influence of the massive Cahora Bassa
Dam and its hydropower station. The Zimbabwe portion of the subbasin shows high impact
and vulnerability to climate change, as does the area around Tete town in Mozambique. In
Tete province (Mozambique) significant development plans exist for both further hydropower
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(extension to Cahora Bassa and the new Mphanda Nkuwa facility) and irrigated agriculture.
Furthermore, population growth is being driven by the development of the coal fields. These
significant economic opportunities within Tete province could boost adaptive capacity and
reduce vulnerability, but depend (except coal) on future river inflow and outflow from the
Dam. Optimisation of Dam operations is clearly needed in the basin context. However, the
agricultural economy in the Zimbabwe part of this subbasin may become vulnerable if suitable
adaptation responses are not found. Agricultural adaptation will need to respond primarily to
increased risk of dry spells and drought. Zimbabwe is already heavily reliant on water
abstraction for irrigation and further options are constrained. Attention should also be
focused on areas of social development (including women and children) which could boost
adaptive capacity.
3. Shire River and Lake Malawi/Nyassa/Nyasa: This subbasin (mostly in Malawi but also
Tanzania and Mozambique) faces a possible dichotomy of impacts and vulnerability if
projections of climate change and population change prove correct. While the northern
subbasin around Lake Malawi/Nyassa/Nyasa may benefit from more favourable climate
change projections, the southern part appears to become increasingly vulnerable owing in
significant part to high population growth rates coupled with more negative climate change
projections. This subbasin is an important catchment and its discharge contributes 12% to the
annual discharge of the Zambezi River at its mouth. Since rainfall and evaporation rates in the
northern part will determine the level of the Lake and its outflow, which may well remain
stable or increase, the south will need to look increasingly at harnessing this water resource to
cope with its harsher future. More irrigated agriculture appears to be required, but this will
impact on the important wetlands of the south and come into competition with numerous
existing and planned hydropower facilities on the lower Shire River. Social development in
order to raise adaptive capacity will be important, especially in the area of gender equality.
4. Mupata: This small subbasin in central Zambia roughly covers the confluence of the Kafue
and Zambezi Rivers and downstream to just before the Cahora Bassa Dam. Its catchment
makes only a small contribution to the total discharge of the Zambezi River. It does not show
major vulnerability now or in future.
5.

Luangwa: The area south of the Luangwa River in Zambia shows strong current
vulnerability based on sensitivity and low adaptive capacity combined with patches of higher
climate exposure. However, the climate projections for this subbasin are more favourable
compared to other basin areas. The area to the north of the Luangwa River contains some
important, relatively pristine, conservation areas and their relative climate resilience is
evident from the analysis, especially in the upper reaches of this tributary. No hydropower
development is planned for this subbasin and plans for irrigation development are moderate.
This subbasin receives high annual rainfall and is a major contributor to the total annual
discharge of the Zambezi River (13%). It is likely to provide an important buffer and refuge
into the future. Continued conservation and protection of ecosystem services, as well as
human development (with attention to gender inequality) are likely to be the most important
adaptation responses.

6. Kariba: Dominated by catchments in Zimbabwe and an area north of Lake Kariba (Zambia),
this subbasin covers the Zambezi River from its confluence with the Cuando River until just
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after its outflow out of Lake Kariba. River flow is thus dominated by the impacts of the Lake
and the hydropower operations there. Planned extensions to this facility and the planned
Batoka Gorge facility will have future impacts. Mean annual precipitation in this subbasin is
the lowest of all the subbasins at only about 700mm but discharge into the Zambezi River is
not insubstantial at 5%. Planned increases in irrigated cropland area are high. The
unfavourable climate future and identification of this subbasin as a major impact and
vulnerability hotspot are cause for concern. Adaptation responses will require attention to
agriculture, optimization of Lake management, as well as human development (particularly in
Matabeleland North).
7.

Kafue: This subbasin in Zambia straddles a wide range of rainfall regimes from high in the
northern catchments to lower in the Kafue Flats area. A complex mix of economic activities
characterizes this area, including commercial and subsistence farming, mining, tourism,
fisheries and hydropower generation, much of it depending on the Kafue River and its vast
wetlands. This is a very important tributary (9% of Zambezi River discharge) with already
high demands made on it, and further significant development planned. Existing and planned
hydropower facilities and irrigation schemes impact on the river and its associated systems.
This analysis shows high vulnerability in the lower reaches of the Kafue River including the
Kafue Flats, resulting from all of exposure, sensitivity and low adaptive capacity. However, the
northern catchments appear to show higher resilience, suggesting that they will require
careful management in order to be able to provide the flow and buffering capacity on which
the southern subbasin and surrounding areas (Lusaka and agricultural area south of Kafue)
will depend if they are to adapt to their harsher future conditions. An important need is the
protection of livelihoods which will confer greater resilience to local populations, as well as
improved opportunities for women in particular.

8. Cuando/Chobe: This subbasin (Angola, Zambia, Namibia, Botswana) is currently identified
as a moderate vulnerability hotspot, but climate change is projected to have serious potential
impacts. Based on current adaptive capacity this area could face escalating levels of
vulnerability by mid-century. The catchment receives relatively low annual rainfall and makes
a net zero contribution to the annual flow of the Zambezi River (the Cuando River makes a
small contribution but the Chobe River has negative discharge). As such, its future will not
likely affect the basin as a whole, but will manifest as localized problems for the communities
residing there. Human and economic development suitable for the area should be prioritized,
but with due cognizance of future water resources. The plight of children is of particular
concern – this area suffers from high levels of child malnutrition.
9. Barotse: This area in western Zambia does not receive high rainfall but acts as a significant
flow regulator and “sponge” for water coming from the upper catchments/subbasins
(Luanginga, Lungue Bunga, Upper Zambezi and Kabompo). In fact, it shows a negative
contribution to total Zambezi River discharge. It is not currently particularly vulnerable in
spite of occasional disasters (flooding). Although climate exposure and the impacts thereof are
projected to increase, vulnerability is not likely to increase significantly in future (assuming
that adaptive responses are possible). Continued attention to improving disaster risk
reduction and management, with protection of the important hydrological ecosystem services
of this part of the river system, are likely to be priorities.
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10. Luanginga: This small subbasin, with its outflow into the Barotse Floodplain, receives
moderately high rainfall but makes a small contribution (1.7%). As for other parts of southeastern Angola (although a portion of the subbasin is in Zambia), adaptive capacity is low due
to under-development. Climate impact is low and current vulnerability thus reasonably low.
However, future high climate exposure is projected to increase vulnerability significantly.
Human and economic development is required for improved resilience, but with due
cognizance of future water resources.
11. Lungue Bungo: With its high annual rainfall, this tributary originates in Angola and flows
into the Barotse Floodplain, contributing 2.8% to annual discharge of the Zambezi River. It is
currently fairly resilient, but significant future climate stress could increase vulnerability. As
for the Luanginga, resource-sensitive economic development and human development are
required.
12. Upper Zambezi: This subbasin in Angola/Zambia makes a very important contribution to
the flow of the Zambezi River (18%). It fares well in terms of climate exposure and sensitivity,
and appears to have somewhat higher adaptive capacity than areas to the south. Current
resilience is likely to be maintained or only slightly reduced owing to expected rainfall
reductions. The potential impacts of this on the catchments and adaptive responses require
further study. Of the Basin’s subbasins which currently contribute significantly to discharge
(mostly in the northern parts of the Basin), the Upper Zambezi is cause for concern.
Additionally, this area suffers from high malaria incidence which could constrain future
adaptive capacity.
13. Kabompo: A significant contribution (6.6%) to the Zambezi River’s annual discharge also
focuses attention on this subbasin on north-west Zambia. This area enjoys a relatively stable
climate with high and predictable rainfall. It is currently one of the least vulnerable areas of
the Basin. Future conditions are not expected to change dramatically so that this subbasin
emerges as an apparent “resilience spot”. Its importance for the future of the Basin deserves
further investigation, to find adaptive responses which can draw on this resilience and refuge
potential whilst doing so sustainably for the human and environmental systems found here.
As for the Upper Zambezi, the highly favourable environment for malaria is cause for concern
and could constrain adaptive capacity.
It is important to recognize that generalisations of adaptive capacity and vulnerability even at fairly
high spatial resolution (even down to village level) will not capture all the complex social and cultural
realities. Clearly, there are numerous highly vulnerable communities and individuals in areas of
higher adaptive capacity who may not benefit from local and national resources and adaptation
responses. This requires focused and context-specific attention.

7.2 Time scales: current and future vulnerability
The future will not be “like the present, only worse”, an inaccurate assumption often made in
connection with climate change. It cannot be assumed that current problem areas will continue as
such and demand the lion’s share of attention. This study shows that, whilst most of the regions of
current high climate vulnerability are likely to remain highly vulnerable into the future unless
adaptive capacity can be substantially improved, there are also regions which indicate development of
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hitherto unknown vulnerability which requires specific attention, and a minority of areas which show
amelioration of problems.
Currently, climate vulnerability in the ZRB is highest in a large hotspot across central/southern/
eastern Zambia, most of the Zimbabwe basin area, parts of Tete and Zambezia provinces in
Mozambique, parts of central and southern Malawi and the area just north of Lake
Malawi/Nyassa/Nyasa in Tanzania, with a relatively small isolated patch in south-east Angola.
Climate- and population-driven future vulnerability is likely to remain high in most of these areas, but
the analysis shows a gradient from south-west to north-east of significant extension and
intensification (Angola) to contraction and loss of intensity (eastern Zambia and central/northern
Malawi). This follows the pattern of rainfall and temperature projections shown in this report.
Future climate impacts must be examined in the context of future socioeconomic conditions. This is
supported by the alarming future population projections for some areas, notably southern Malawi,
which are likely to have a large influence on vulnerability. Future populations will require different
resources and support from those required by current populations. Current decision-making, policy
development and investment planning is premised largely on the current situation. However, there is
a great risk of missing the target if the current situation should change 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, especially with respect to medium- and
longer-term planning time frames. This appears to apply to the basin areas of Angola and Western
Zambia.

7.3 Economic development
Agriculture is a substantial contributor to national GDP across the ZRB and is still by far the greatest
source of livelihoods and employment. It is also highly exposed and sensitive to climate variability and
climate change. A high proportion of the most productive agricultural areas of the ZRB show strong
climate risk and vulnerability. This is problematic particularly for rainfed agriculture, but could also
impact on irrigated agriculture should water resources dwindle under climate change. Some of areas
most at risk include southern Zambia (commercial and smallholder), both commercial and communal
farming areas of Zimbabwe, and subsistence and smallholder farming in southern Malawi. Where
populations are growing rapidly, such as in Malawi, the pressure to produce enough food per person
will increase. To supply the growing demand for food, agricultural production must be raised. But this
will become increasingly challenging unless adaptive capacity in this sector is significantly stimulated,
for example through the development of suitable and affordable technologies.
Areas with high productive potential, which show signs of greater climate resilience, and which have
potential access to local and regional markets, should be investigated and targeted for development, as
stable future food baskets for the region. Northern Malawi could emerge as such a region, on the basis
of this study. This should be followed up with further research.
Water will increasingly be required for various productive purposes to sustain growth, as well as for
essential services to populations in rapidly growing urbanized areas. Adaptive capacity is strengthened
by potential access to water resources. In the ZRB, water resources are increasingly being earmarked
for irrigated agriculture, hydropower, mining and industry, and fisheries, sometimes all in the same
subbasin! (e.g. Kafue) Differential vulnerabilities across the ZRB and its subbasins must inform
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integrated water resources management and adaptation planning. SADC is making good progress
towards developing institutions and policies to support integrated transboundary water resources
management in the face of climate change, but this requires further attention. The ZAMCOM Interim
Secretariat is now well positioned to take this forward for the ZRB.

7.4 Human development
Vulnerability to climate change is linked to level of human development. People who battle on a daily
basis with problems of poor education, health, and access to the basic necessities of life (clean water,
food and shelter) are less able to deal with shocks of any kind, including climate shocks. Human
development indicators across the ZRB vary widely from country to country and sub-nationally, but
are generally low by international standards, especially in the rural areas. In addition, social “capital”
and cohesion is also important in coping with climate shocks. This is undermined or even destroyed
by political and/or community/household conflicts, and can lead to women and children, in
particular, becoming more vulnerable. In recent history this has occurred in south-east Angola. A
number of the indicator datalayers used in this study speak to these issues. Responses to climate
change should always include measures to strengthen human/social development and health, and
thus people’s ability to help themselves and their families. The particular challenges posed by the
HIV/AIDS pandemic in many areas of the ZRB and its impact on children should also be addressed in
the light of climate change vulnerability and adaptation.

7.5 Ecosystem services
Growing populations that remain highly vulnerable (or become even more so under climate change)
will increasingly turn to natural resource exploitation for food and income, such as deforestation for
purposes of agriculture or charcoal burning. In many cases, this activity could compromise
sustainable land use practices and ecosystem services. Improved natural resource and land use
management will therefore become critically important in the most vulnerable areas. However, parts
of the Basin also enjoy exceptional levels of biodiversity, often associated with wetlands/lakes or
forests, indicating that these areas should receive special care if their benefits are to be preserved for
future generations needing to adapt to harsher conditions. Future continuation of this mapping work
could include the production of constraints mapping both to help preserve biodiversity / ecosystem
services but also to preserve cultural heritage.

7.6 Demographic shifts
The GIS-based spatial analysis presented in this report shows clearly how future populations
(numbers and density, rural and urban) could affect climate change risk and vulnerability. People
require water, food and shelter at a bare minimum and this will become increasingly difficulty to
supply where climate shifts reduce the availability per person of these ecosystem services, or where
the demand eventually exceeds the supply. Malawi is at particular risk in this regard. Cities and larger
urbanised areas of the Basin can provide better livelihoods and protection from climate harms in
many instances, but may also increase the vulnerability of the poorest people living in informal periurban settlements. The outcome will depend on the ability of city and town administrations to provide
infrastructure, housing and services to in-migrating people. In the Basin, Lusaka, Harare and Blantyre
emerge are cities which will require climate change strategies and plans.
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7.7 Transboundary systems and cooperation
The ZRB is not only defined by the eight countries which share its river, but also by transboundary
economic, social and ecological systems which sustain its populations beyond national boundaries.
Agroecological regions (e.g. Malawi/Zambia) and subbasins (e.g. Cuando/Chobe) are frequently
shared by two or more countries. Food systems depend heavily on movement of food from regions of
excess production to regions of need, by means of markets and trade. Water is increasingly becoming
a commodity, needed for developmental purposes. Its equitable sharing across boundaries has been
under discussion for a long time but remains difficult to achieve. Countries in the ZRB endowed with
particular biophysical features and high river flows (notably Zambia and Mozambique) are planning
to develop hydropower which will largely be exported to neighbouring countries with high energy
demands and insufficient generation capacity (particularly South Africa). Thus, the Basin’s resources
are increasingly being harnessed for the regional market. The maps can contribute to the assessment
of how these flows currently operate and how they could be impacted by climate change, both in terms
of volumes as well as direction of flow. Areas within the Basin which will suffer from increasing
vulnerability will increasingly become markets (possibly southern Malawi and parts of Zimbabwe),
whereas areas of resilience could increasingly supply the required goods and services (possibly
northern Malawi and northern Zambia). A rigorous economic and trade analysis would add an
important dimension to the current spatial analysis.

7.8 Human migration
The increasing vulnerabilities of some areas could increasingly drive migration to more resilient areas.
Current flows of migrants within the Basin and beyond are likely to intensify, particularly during and
following climate-related disasters. This will demand pro-active responses from both home and
receiving regions. Human security and conflict management are increasingly likely to become
important regional priorities. This will require strengthening of political engagement, institutions,
policy frameworks, supporting data or monitoring programmes that will be required to manage the
potential impacts of climate change on regional security.
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