
 
 

  

 

 

 

Mapping Climate Risk and 

Vulnerability in the Zambezi River 

Basin: Country Report for Zambia 

S.J.E. Midgley, R.A.G. Davies, T.C. Wroblewski, 

E. Hope, S. Chesterman  

 

Final 

20 June 2012 

 

 
 

GIS analy sis performed by habitat INFO, Solva, United Kingdom (R.A.G. Davies and T.C. Wroblewski) 



  R&V Mapping for the Zambezi River Basin: Zambia     

 OneWorld Sustainable Investments 2012 Page 2 

 

 

GIS analy sis performed by habitat INFO, Solva, United Kingdom (R.A.G. Davies and T.C. Wroblewski) 

 

We would like to thank the following for helping us compile the datasets indicated:  

Mozambique: Igor Manuel Bernardo Honwana  

Malawi: Theresa Mkandawire and Peter Nkwanda  

Zimbabwe: Zv ikomborero Many angadze & Manasa Viriri  

Namibia: Mc-cloud Katjizeu & Mr. U. Uazukuani  

SADC RVAA Programme: Duncan Samikwa & Charles Rethman   

AfriPOP: Andy  Tatem  

HSRC: Gina Weir-Smith  

Crop modeling/GeoWRSI: Chris Funk and Tamira Magadzire 

Downscaled Climate Data (Worldclim/CIAT): Mark Tadross, Carlos Eduardo, Robert Hijmans  

Biodiversity : Mao Amis, Jonathan Timberlake, Bob Douthwaite  

Other support: James van Hasselt, Monica Schlottau, Mandy  Antzoy latos  

 

OneWorld research team: Stephanie Midgley , Euan Hope, Sabrina Chesterman  

 

This project is supported by the Global Water Partnership Southern Africa (GWP-SAP). In particular, 

they  facilitated the institutional engagement and the stakeholder workshop held in Harare, Zimbabwe, 

in November 2011. We thank Andrew Takawira and Rhoda Mafemba for their help.  

We also thank Shehnaaz Moosa and Carl Wesselink of CDKN (Africa) for their support.  

 

 

SUBMITTED BY: 
One World 

 

POSTAL ADDRESS: 
P.O. Box 17 7 7  

Cape Town 8000 

South Africa 

 

PHYSICAL ADDRESS: 
4 Church Square, 4 Spin Street 

Cape Town 8001  

South Africa 

 

PREPARED BY: 
One World 

Tel: +27  (0)21  818 2900 

www.oneworldgroup.co.za 

stephanie@oneworldgroup.co.za 

SUBMITTED TO: 
Climate and Development Knowledge Network 

(CDKN) 

 

 

PHYSICAL ADDRESS: 
SouthSouthNorth, 1st Floor Roodehek House 

No. 2 Roodehek Street, Gardens 

Cape Town 8001  

South Africa 

 

 

 

PREPARED FOR: 
Carl Wesselink and Shehnaaz Moosa 

Carl.Wesselink@cdkn.org; 

Shehnaaz.Moosa@cdkn.org 

 

http://www.oneworldgroup.co.za/
mailto:Carl.Wesselink@cdkn.org
mailto:Shehnaaz.Moosa@cdkn.org


  R&V Mapping for the Zambezi River Basin: Zambia     

 OneWorld Sustainable Investments 2012 Page 3 

 

Table of Contents 

 

Table of Contents.....................................................................................................................3 

Abbreviations and Acronyms.................................................................................................5 

Executive Summary .................................................................................................................6 

1. Introduction.......................................................................................................................9 

2. Zambia and the Zambezi River Basin ..........................................................................10 

2.1. Biophysical circumstances of the Zambezi Basin in Zambia ................................... 11 

2.2. Population and human development circumstances of the Lower Zambezi in 

Zambia .................................................................................................................................. 13 

2.3. Economic activities in the Zambezi Basin in Zambia ............................................... 17 

2.4. Climate change in Zambia ........................................................................................ 22 

3. Background and approach to R&V mapping ..............................................................30 

3.1. A general climate vulnerability map for Zambia (Zambezi Basin)............................ 30 

3.2. Targeted climate vulnerability maps for specific harms in Zambia (Zambezi Basin)

 33 

4. Current general climate vulnerability summary layers..............................................34 

4.1. Exposure current ....................................................................................................... 34 

4.2. Sensitivity current ...................................................................................................... 35 

4.3. Adaptive capacity current.......................................................................................... 37 

4.4. Impact current ........................................................................................................... 39 

4.5. Vulnerability hotspots current.................................................................................... 40 

5. Future general climate vulnerability summary layers ...............................................42 

5.1. Exposure 2050 .......................................................................................................... 42 

5.2. Sensitivity 2050 ......................................................................................................... 43 

5.3. Impact 2050............................................................................................................... 44 

5.4. Vulnerability hotspots 2050 ....................................................................................... 45 

5.5. Areas of greatest concern ......................................................................................... 46 

6. Specific Harms Analysis................................................................................................50 

6.1. Droughts .................................................................................................................... 50 

6.2. Floods ........................................................................................................................ 52 

7. Discussion: risk & vulnerability and response options ............................................53 



  R&V Mapping for the Zambezi River Basin: Zambia     

 OneWorld Sustainable Investments 2012 Page 4 

 

8. References ......................................................................................................................55 

 

  



  R&V Mapping for the Zambezi River Basin: Zambia     

 OneWorld Sustainable Investments 2012 Page 5 

 

Abbreviations and Acronyms 

DMMU  Disaster Management and Mitigation Unit 

DWA  Department of Water Affairs 

ENSO  El Niño Southern Oscillation 

FEWS NET Famine Early  Warning Sy stems Network 

GCM  General Circulation Model 

GDP  Gross Domestic Product 

GIS  Geographical Information Sy stems 

HIV/AIDS Human Immunodeficiency  Virus / Acquired Immune Deficiency  Sy ndrome  

IPCC  Intergovernmental Panel on Climate Change  

ITCZ  Intertropical Convergence Zone 

KAZA TFCA Kavango-Zambezi Transfrontier Conservation Area 

LDC  Least Developed Country  

MDG  Millennium Development Goals 

NAPA  National Adaptation Programme of Action 

R&V  Risk and Vulnerability  

RCCP  Regional Climate Change Programme for Southern Africa  

SADC  Southern African Development Community  

UN  United Nations 

ZAMCOM Zambezi Watercourse Commission 

ZESCO  Zambia Electricity  Supply  Corporation Limited 

ZMD  Zambia Meteorological Department 

ZRA  Zambezi River Authority  

ZRB  Zambezi River Basin 

ZVAC  Zambia Vulnerability  Assessment Committee  

 

 

  



  R&V Mapping for the Zambezi River Basin: Zambia     

 OneWorld Sustainable Investments 2012 Page 6 

 

Executive Summary 

Risk and Vulnerability mapping is one of the evidence-based tools 
urgently required for application in national climate change strategy and 
policy development and adaptation decision making.  
Risk and Vulnerability  mapping distills and v isually  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 Zambian ZRB 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 + sensitiv ity  = 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 and cut to the Zambia national boundaries. Geo-

spatial indicators for agriculture, water, food security, human health, and ecosy stem serv ices are the 

most important indicators. 

 
The Zambezi River Basin within Zambia 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. 
In the first vulnerability  hotspot (south-central Zambia, southern Kafue sub-basin and Kafue Flats, 

stretching towards Lake Kariba and the area east of Lusaka) current vulnerability  arises from high 

exposure, high sensitivity, and in the case of the southern Kafue sub -basin low adaptive capacity . This 

situation is likely  to persist with climate change and continued population growth in an already  well 

populated agricultural region. In the Eastern Province (south o f Luangwa River Valley ) the main 

driver appears to be very low adaptive capacity related to developmental backlogs, although exposure 

and sensitiv ity  are also significant. Future reductions in relative climate exposure could reduce 

potential impacts (although the area will remain highly sensitive), but if adaptive capacity remains low 

and urban population growth continues, this hotspot will become concentrated around the towns. 

This could provide opportunities for agricultural development in this province.  

 

Spatially explicit economic and land use planning should factor in areas 
of differing exposure and vulnerability.  
Further agricultural development should proceed with great caution in the Kafue Flats and Southern 

Province, whereas parts of the Eastern Province and the Copperbelt and adjacent Northwest Province 

could assume the role of national breadbaskets. The feasibility  of agricultural development in these 

areas will depend largely on improved infrastructure, especially  transport sy stems and markets, a s 

well as dealing with agronomic challenges and crop -wildlife conflict. Human development such as 

better education levels and equal opportunities for women will also require attention in order to 
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develop a productive labour force. It is also important to retain the ecological integrity of the Luangwa 

River Valley and the north-western forests, since these will continue to provide essential ecosy stem 

serv ices and refugia for embattled species, as well as deliver the bulk of rainfall runoff for the Zambezi 

River sy stem. Thus, difficult trade-offs will need to be considered.   

 

The enormous biodiversity and ecological importance of the southern 
Kafue catchments and Kafue Flats could become seriously endangered.  
The area’s ecosy stems already  support a diverse r ange of livelihoods and hold great potential for 

tourism development. 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 this area. A close analy sis is required of existing and planned hy dropower plants, 

existing and planned irrigation, rainfed agriculture, national parks and reserves, and rural livelihood 

sy stems, in order to identify and mitigate potential threats. Economic diversification which can relieve 

pressure on the sy stem 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 basin-

level planning, management, monitoring and data sharing becoming particularly  important . Sub-

basins 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 dry ing. Hy drologically , these shifts can be expected to change the relative 

contributions of various catchments to overall annual river flow and dis charge (this aspect requires 

further hy drological analysis). Many  of the resilient catchments occur in Zambia and the country  thus 

has a regional responsibility to manage these catchments wisely. In parts of the basin where dry ing is 

likely  to be experienced, such as south-central Zambia, 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 multi -

national decision making. The Zambezi Watercourse Commission (ZAMCOM) is now well positioned 

to lead and guide these processes. 

 

Social development in order to raise adaptive capacity in currently 
under-developed areas of Zambia will be important.  
The specific needs vary depending on the province and district, but broad themes have emerged from 

the maps. The greatest problems occur in the Central, Eastern and Northern Provinces. Poverty  and 

unemployment, low educational attainment, child malnutrition, risk of malaria and gender inequali ty  

stand out as contributing to an overall poor ability  to deal with and adapt to shocks. Investment in 

these areas would contribute significantly  to building resilience at community  level.  
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Increasing vulnerabilities of populations in the south-central region 
could drive increasing migration to more resilient regions within and 
without Zambia’s borders.  
Current flows of environmental refugees and migrants within the country (especially from the south to 

the north and into urban areas such as Lusaka) are l ikely  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. Zambia will need high level political engagement, institutions, policy  frameworks 

and supporting data and monitoring programmes to manage any  significant impacts of climate 

change on national (and possibly  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 based on the 

outcomes of a larger study to geographically identify and raise aware ness 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 

sy stem 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  t he complex nature of 

developing a climate resilient development strategy  across the basin.  This report complements the 

research report for the whole Basin, and focuses on the spatial analy sis of climate -related risk and 

vulnerability  in one of the Riparian States – Zambia. 

 

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 sub-

national levels – managers who are not necessarily climate change experts but require an ev idence -

based 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. 

 

Zambia is a landlocked country  located in Southern Africa. Its neighbouring countries are the 

Democratic Republic of the Congo, Tanzania, Malawi, Mozambique, Zimbabwe, Botswana, Namibia, 

and Angola. The capital city is Lusaka, found in the south-central part of the country . The population 

is concentrated mainly around the capital Lusaka in the south and the Copperbelt to the northwest. 

Zambia has a population of 12.16 million with a GDP per capita of US$ 941 in 2007  (SARDC and HBS, 

2010).   

 

Zambia is drained by  two major river basins: the Zambezi/Kafue basin in the centre, west and sout h, 

covering about three-quarters of the country; and the Congo basin in the north covering the remaining 

quarter. Zambia’s climate can be categorised as humid subtropical or tropical wet and dry , with small 

stretches of semi-arid steppe climate in the south-west and along the Zambezi River valley . There are 

two main seasons, the rainy season (November to April) corresponding to summer, and the dry season 

(May /June to October/November), corresponding to winter. Average mo nthly temperatures are above 

20°C over most of the country  for eight or more months of the y ear.  

 

The Copperbelt has long been the backbone of the Zambian economy . Exploitation originally  began 

for copper but has expanded into other mineral resources. Further expansion is planned but it is 

thought that the majority of economically  efficient mineral extraction is app roaching the end of its 

production cy cle (Pegram and von der Hey den, 2009). In 2006, Zambia’s GDP was comprised of 

59.2% from serv ices, 24.8% from industry and 16.1% from agriculture (Euroconsult Mott MacDonald, 

2007 ). 

http://en.wikipedia.org/wiki/Landlocked_country
http://en.wikipedia.org/wiki/Southern_Africa
http://en.wikipedia.org/wiki/Democratic_Republic_of_the_Congo
http://en.wikipedia.org/wiki/Tanzania
http://en.wikipedia.org/wiki/Malawi
http://en.wikipedia.org/wiki/Mozambique
http://en.wikipedia.org/wiki/Zimbabwe
http://en.wikipedia.org/wiki/Botswana
http://en.wikipedia.org/wiki/Namibia
http://en.wikipedia.org/wiki/Angola
http://en.wikipedia.org/wiki/Lusaka
http://en.wikipedia.org/wiki/Lusaka
http://en.wikipedia.org/wiki/Copperbelt
http://en.wikipedia.org/wiki/Humid_subtropical
http://en.wikipedia.org/wiki/Tropical_wet_and_dry_climate
http://en.wikipedia.org/wiki/Steppe_climate
http://en.wikipedia.org/wiki/Rainy_season
http://en.wikipedia.org/wiki/Dry_season
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2. Zambia and the Zambezi River Basin 

The Zambezi River Basin (ZRB) is the fourth-largest Basin in Africa. It covers an area of over 7 0 % of 

Zambia (World Bank, 2010b). The Zambezi River has its source in Zambia, 1  450 m above se a level. 

The main stem then flows southwest into Angola, turns south , enters Zambia again, and passes 

through the Eastern Caprivi Strip in Namibia and northern Botswana. The Zambezi River then flows 

through Victoria Falls, shared by Zambia and Zimbabwe, before entering Lake Kariba, which masses 

behind Kariba Dam. A short distance downstream from Kariba Dam, the Zambezi River is joined by  

the Kafue River, a major tributary, which rises in northern Zambia. The Kafue River flows through the 

Copperbelt of Zambia into the reservoir behind the Itezhi Tezhi Dam. From there, the Kafue River 

enters the Kafue Flats and then flows through a series of steep gorges, the site of the Kafue Gorge 

Upper hy droelectric scheme. Below the Kafue River confluence, the Zambezi River exits for the east 

coast of Mozambique through the Cahora Bassa Dam (World Bank, 2010a). 

 

For the purposes of this study, it was useful to refer to the analy sis and mapping of the sub -basins of 

the ZRB as presented in World Bank (2010a). Zambia hosts five of the thirteen ZRB sub-basins 

namely  Mupata, Luangwa, Kafue, Baro tse and Kabompo (Fig. 1 ). It also has less extensive areas in the 

following sub-basins: Upper Zambezi, Lungue Bungo, Luanginga, Cuando/Chobe, Kariba, Shire 

River/Lake Malawi and Tete. In total, Zambia forms part of twelve of the thirteen sub -basins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sub-basins of the Zambezi River Basin. Source: World Bank (2010a) 
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2.1. Biophysical circumstances of the Zambezi Basin in Zambia 

The average annual rainfall received for each of the main sub -basins in Zambia includes Mupata- 813 

mm, Luangwa- 1  021  mm, Kafue- 1  042 mm, Barotse- 810 mm and Kabompo- 1  211  mm (World Bank, 

2010c). The average annual run-off for each of the main sub-basins includes Mupata- 7 4 900 km3, 

Luangwa- 16 339 km3, Kafue- 12 913 km3, Barotse- 37  249 km3 (upper catchment) and Kabompo- 

8 615 km3 (World Bank, 2010c). The average temperature range for the ZRB area of Zambia is 13.9°C 

to 29.5°C with a mean annual temperature of 21 .4°C. 

 

Alluv ial aquifers are found mainly along the margins of main river channels o r in old channels as the 

river changed its course over time. These are mostly  high y ielding sy stems with great potential for 

large scale use (Euroconsult Mott MacDonald, 2007). Karoo deposits are intergranular aquifers and 

occur mainly in the middle section of the basin between Zambia, Zimbabwe and Mozambique. These 

are mainly  poor y ielding aquifers with occasional porosity  or faulting that leads to  moderate to high 

y ields. Dolomite, sandstones and limestone aquifers predominate in the Kafue sub -basin. These 

aquifers have good potential and have been largely exploited in Zambia. The most prominent of these 

aquifers is the second main source of water for the City  of Lusaka in Zambia and has prospect for 

becoming the main source of water supply  for the city  (Euroconsult Mott MacDonald, 2007 ).  

 

The ZRB area of Zambia consists of a variety  of vegetation ty pes including dry  evergreen forest, 

miombo woodland, mopane woodland, mosaic of deciduous forest and grassland, Acacia-Combretum 

woodland, swamp/floodplain vegetation and a very  small area of moist evergreen forest and 

grassland. Zambia has seven out of the eight vegetation ty pes in the ZRB, according to Timberlake 

(2000). 

 

Woodland covers most of the ZRB (Timberlake, 2000). Miombo is a ty pe of woodland dominated by  

trees of the genera Brachystegia, Julbernardia or Isoberlinia with a well-developed grass lay er. 

Mopane woodland is largely populated by Colophospermum mopane. Other vegetation ty pes include 

mosaics of various types of woodland, dry forest (including that dominated by Zambezi teak, Baikiaea 

plurijuga) with grassland, and open woodland dominated by various species of Acacia. Locally , other 

genera such as Combretum and Terminalia are important. Species composition depends primarily on 

climate and soil ty pe. On the deep Kalahari sands in the west of the basin, Zambezi Teak is common, 

often mixed with Brachystegia spiciformis, while in the lower, drier areas of the valley floors on clay -

rich soils, mopane is dominant.  

 

Most of the broad seasonal rivers have a fringe of large trees such as Winter Thorn ( Faidherbia 

albida), Natal Mahogany  (Trichilia emetica), Acacia and Waterberry  (Syzygium sp.), but in many  

places these fringes are being destroyed by clearance for agriculture o r for wood (Timberlake, 2000). 

At the headwaters of the Zambezi in Mwinilunga District, the gallery  or riverine forests have a 

different species composition to those further downstream with species more ty pical of the Congo 

Basin such as Marquesia sp., Berlinia giorgii and Lannea antiscorbutica. 

 

Common wetland plants (excluding invasives) include papy rus (Cyperus papyrus), rushes (Typha 

sp.) and reeds (Phragmites sp.) and water lily  (Nymphaea sp.) (Timberlake, 2000). 

 

The Upper Zambezi Floodplain ecoregion contains floodplains, swamps, and lakes. The region begins 

at the confluence of the Lungue Bungo, Zambezi, and Kabompo rivers and covers western Zambia. It 
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extends through the Barotse Floodplain south to Victoria Falls. The wetlands support flooded 

grasslands and swamp vegetation intermixed with the woodland of the eastern Capriv i. It is seen as 

nationally important, relatively intact, and a conservation priority. Major protected and conservation 

areas include the Mamili National Park, the Liuwa Plain National Park, the Sioma Ngwezi National 

Park, and the West Zambezi Game Management Area (World Bank, 2010 a). 

 

The Upper Zambezi region of Zambia is thought to be of evolutionary  significance for Reduncine 

antelope, suffrutices, and bulbous plants. It also pro vides a rich breeding ground for fish species, 

amphibians and reptiles. Fish species include cyprinids, cichlids and mochokid catfish (World Bank, 

2010a).  

 

The Barotse floodplain is high in bird biodiversity. It is home to more than 20 000 ruff, 10 000 cattle 

egrets, and large populations of reed cormorant, open-billed stork, Caspian plover and whiskered tern. 

Threatened species include the wattled crane, the slaty egret, the Nile crocodile, the broadhead catfish, 

and the striped killifish. Mammals such as the red lechwe and sitatunga are now largely  confined to 

protected areas; very little game has been spotted on the floodplains over the past 40 y ears (Turpie et 

al., 1999). 

 

The Kafue ecoregion consists of floodplains, swamps, and lakes and it extends o ver the Kafue sy stem 

from central Zambia to its confluence with the Middle Zambezi. It is deemed nationally  important, 

vulnerable, and a conservation priority (World Bank, 2010a). Important protected areas include the 

Kafue National Park and associated Game Management Area, the Blue Lagoon National Park, the 

Lochinvar National Park, and parts of the Nampongwe River. The last two are part of the Kafue Flats 

Ramsar site. 

 

The killifish (Nothobranchius kafuensis) and the cy prinid (Barbus altidorsalis) are endemic to this 

region. Largemouth bream, tilapias, and many  small barbs migrate onto the floodplain to spawn. A 

series of falls in the Kafue Gorge presents the main phy sical barrier to fish movement upstream from 

the Middle Zambezi (World Bank, 2010 a).  

 

Large congregations of water birds, including the largest population of wattled crane in the region, use 

the flats for feeding and nesting. Other important species are the slaty  egret, long -tailed cormorant, 

cattle egret, African open-billed stork, fulvous whistling duck, comb duck, collared pratincole, Caspian 

plover, and ruff. Migratory  mammals are important to the area, for example it provides habitat to 

around half of the remaining lechwe in Africa (World Bank, 2010a). Kobus leche kafuensis is endemic 

to the Kafue Flats in the v icinity  of the Kafue Gorge and the Itezhi Tezhi Dam. 

 

The Middle Zambezi Luangwa ecoregion, known as savanna-dry forest rivers, is defined by the Middle 

Zambezi and Luangwa Rivers. It has a conservation status of endangered  and is seen as a nationally  

important conservation region. The Luangwa Floodplain has been a Ramsar site since February 2007  

and covers an area of 250 000 ha. Much of the Luangwa Valley is formally protected as national parks 

and game management areas. The ecoregion as a whole supports the endangered marsh mongoose, 

the African clawless otter, the spottedneck otter, and the hippopotamus. Species records are far from 

complete, but indicate the existence of 61  fishes, 49 amphibians, four reptiles, 27  molluscs, 18 

dragonflies, 52 damselflies, three wetland butterflies, and about 700 bird species. The Luangwa River 

also supports important populations of Thornicroft’s giraffe, Cooksons wildebeest, and the water -
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dependent puku (World Bank, 2010a). Important bird species in the Luangwa Valley area include the 

y ellow-billed stork, open-billed stork, white pelican, great white egret, and goliath heron. Salt pans 

support large flocks of southern crowned cranes, and flooded mopane woodlands are used for 

breeding by  tens of thousands of knob-billed and white-faced ducks. Palearctic and intra-African 

migrants v isit in the warm rainy  season. Southern carmine bee -eaters nest in the sandy  river banks, 

and the eastern population of white stork use the valley  as a major overwintering  ground (World 

Bank, 2010a).  

 

The water hy acinth (Eichhornia crassipes), water lettuce (Pistia stratiotes), Kariba weed (Salvinia 

molesta) and the water fern (Azolla sp.) are found in the ZRB (Timberlake, 2000). They  are of 

negative economic importance as they  can block water channels, cause fish mortality  and provide 

suitable breeding grounds for bilharzia-carrying snails and mosquitoes. Invasive species that threaten 

the natural fish communities in Zambia include  the Nile Tilapia (Oreochromis niloticus) and water 

hy acinth (World Bank, 2010a). Water hy acinth is particularly problematic in the Kafue Flats and Lake 

Kariba and is thought to be related to high levels of nitrogen and phosphorus of human and industrial 

origin (World Bank, 2010b). The Zambezi River Authority  (ZRA) has implemented several 

interventions on the control of water hy acinth. 

 

For further background information on the ZRB, the reader is referred to some excellent recent 

reports:  

 Chenje, M. (2000). State of the Environment Zamb ezi 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 (2010a). The Zambezi River Basin, A Multi-Sector Investment Opportunities 

Analy sis. Volume 1  Summary  Report. World Bank Water Resources, Africa Region. 

Washington DC.  

2.2. Population and human development circumstances of the Lower Zambezi 

in Zambia 

Zambia contributes 25.3% (7  568 000 people) to the ZRB population. This is the third highest 

contribution of the eight riparian c ountries following Malawi (34.3%) and Zimbabwe (25.4%) (2005-

2006) (Euroconsult Mott MacDonald, 2007). The rural-urban divide is around 50% in Zambia. In the 

Middle ZRB, the population of Zambia’s Eastern Province is 92% rural, whereas the Southern and 

Central provinces have a 78% rural population, and the Copperbelt Province only  21 % (World Bank, 

2010b). 

 

With the exception of the Angolan highlands, the population of the Upper Zambezi is sparse. For 

example, the population of the Barotse Floodplain is only 34 people per km 2. The people liv ing in the 

Western and North-western provinces of Zambia constitute only eight and six  per cent of the country’s 

population, respectively  (World Bank, 2010 b). 

 

Eighty  per cent of Zambia’s rural population has consistently lived in poverty  over the past 10 y ears, 

while the urban proportion has decreased to 34% (Zambia Central Statistical Office, 2006 in World 
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Bank, 2010c). In 2006, the income of 50% of Zambia’s population was below the level of covering 

basic needs (K 300 000), with figures of 31%, 44%, 51%, and 66 % for the Copperbelt, Central, 

Southern and Eastern provinces, respectively (World Bank, 2010b). Poverty is also widespread in the  

Upper Zambezi where it was found that 77 % of Zambia’s Western Province population and 7 2% of the 

North-western Province population also lived below the basic ne eds level.  

 

The livelihood strategies adopted by  Zambians in the ZRB area are similar to those of the other 

riparian countries. Rural households partake in subsistence crop production, livestock rearing, 

fisheries and natural resource harvesting (ZVAC, 2004). The activ ity  most depended upon varies 

according to the resources available in the area.  

 

Parts of the North-western Province of Zambia, the areas of land not covered by  Kalahari sands, are 

among the most productive areas in the ZRB. Farm sizes are larger than ave rage, often exceeding 

10 ha. Rivers and streams also tend to be perennial, and irrigation is quite feasible. Apart from staple 

food crops, many  other food products such as vegetables, bananas, and mangoes are grown for 

household consumption and local sale.  Cash cropping has generally  been limited to tobacco, cotton, 

and sugar production (World Bank, 2010 b).  

 

The Middle ZRB contains some of the largest and potentially most productive commercial farmlands 

in Zambia. In the northern part, the traditional, shifting slash-and-burn agricultural sy stem is still 

practiced, though it is gradually  being replaced by  more sedentary  sy stems. Nearer to the urban 

centres of the Copperbelt, traditional production systems have largely given way to highly  productive 

commercial farms and farming enterprises (World Bank, 2010 b). Many  areas, including forest 

reserves, are under increased agricultural pressure from cultivation, charcoal production, and 

returning migrants from urban or mining areas.  

 

The Central Province is characterized by large, relatively productive agricultural areas, including both 

small-scale production and large-scale commercial farms. Small-scale producers combine the 

subsistence production of maize and traditional food crops with production of cash crops such as 

maize, cotton, and, recently , baby  corn and paprika (World Bank, 2010 b). The Kafue National Park 

and adjacent game management areas cover the entire western part of Central Province and thus 

indirectly pressurize the non-reserved parts of the province. On the other hand, the park and game 

management areas provide opportunities for tourism, which has not y et reached its full potential. In 

particular, involvement of the local communities in wildlife management has not y et been sufficiently  

developed.  

 

The Eastern Province adjacent to the Malawian border is also highly  productive, with c onsiderable 

small-scale farming, widespread use of animal-driven power, maize production for home 

consumption, and cotton, groundnuts and tobacco production for cash crops (World Bank, 2010 b).  

 

Livestock is important in the Southern Province, where 39% of households own livestock, compared 

with 27 .2% in the Central Province and only 11.6% in the Copperbelt Province (World Bank, 2010b). 

Cattle are particularly popular in the Western Province.  Livestock ownership is generally lowest in the 

North-western Province. The Eastern Province has the largest  concentration of pigs, with 43% of the 

national total (Zambia Central Statistical Office, 2006 in World Bank, 2010 b). 
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Increased pressure on fishing elsewhere in Zambia has led to an influx  of fishermen into the Kafue 

Flats. The introduction of unsustainable fishing methods has put pressure on the fish stock. Fishing is 

also an important livelihood activ ity  in the Barotse Floodplain where over half of the population is 

involved in fishing activ ities. Most of the population on the Barotse Floodplain is dependent on mixed 

livelihoods, combining crop farming, livestock, fishing, and natural resource exploitation (World 

Bank, 2010b). Reeds, papyrus, and grasses from the wetlands contribute significantly  to household 

income, although not as much as fish.  

 

Across the Zambian Basin, women dominate the agricultural workforce. Ofte n, they  are responsible 

for the collection and processing of natural resources and in most cases, their roles are linked to 

subsistence production to ensure household food security. Women’s participation in cash production 

is less pronounced, and their control over cash income from agriculture is limited. The large number 

of female-headed households is in part explained by the migration of men. In rural areas, women are 

used as paid farm labour, and they also carry out work on the household subsistence farm . Poverty  is 

significantly higher among female-headed households, which reflects their marginal position in both 

rural and urban areas (Zambia Central Statistical Office , 2006, in World Bank, 2010b). 

 

Malnutrition among children under the age of five seems to be relatively low in the Western Province 

of Zambia, but higher in the North-western Province (Zambia Central Statistical Office, 2006, in 

World Bank, 2010b). Child health indicators for the Copperbelt, Central, and Southern provinces are 

relatively close to the Zambian averages, whilst the Eastern and Northern Provinces have relatively  

high levels of child malnutrition. 

 

Water contamination from industrial and sewage pollution is widespread in the basin. Water borne 

and water related diseases such as ty phoid, cholera, dy sentery , gastroenteritis,  hepatitis, 

schistosomiasis and guinea worm are common. Faecal coliform is still the primary water quality  issue 

in rivers in the Zambezi basin, particularly in areas where animal and human waste is not adequatel y  

collected and treated. The high coliform count partly explains incidences of water borne diseases such 

as cholera and dy sentery as experienced by Kariba and Siavonga throughout the 1990’s (Euroconsult 

Mott MacDonald, 2007). The Itezhi-tezhi District Health Board attributes the high incidence of ey e 

and skin infections, together with non-bloody diarrhoea to the low number of households with access 

to safe water supply and adequate sanitation facilities. Only  28% of the population in Itezhi -tezhi had 

access to safe water supply  in 2001 , while 86.7 % used bushes for their sanitation. 

 

The incidence of malaria remains high in Zambia (Euroconsult Mott MacDonald, 2007 ). In the 

Copperbelt, which is almost synonymous to Upper Kafue, malaria incidence in 1999 was significantly  

higher than the national average. In both the Copperbelt and Itezhi-tezhi District, which is traversed 

by  the Kafue River, malaria is the main cause of morbidity , followed by  non-pneumonia respiratory  

infections. The two diseases also top the morbidity list of Zambia. The high incidence of malaria in the 

Kafue Flats area has been attributed to the large area covered by  slow moving or stagnant waters.  

 

In the Middle Zambezi River Basin area of Zambia, the general health status has deteriorated 

considerably due to the economic recession and the HIV/AIDS pandemic. Prevalence r ates among 

those aged 15–49 are significantly higher in urban areas than in rural areas, and particularly  high in 

the Copperbelt and around Lusaka. However, infection rates are decreasing in the urban districts, but 

still increasing in rural districts. 
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Primary  school enrolment in the Upper Zambezi area of Zambia is 66%. In the Middle Zambezi River 

Basin educational attainment has suffered seriously  from the general economic dec line in Zambia 

since the 1980s. Net enrolment in primary  school fell from 80% to 66% between 1996 and 2000. 

However, more recent figures indicate resurgence to a rate of 96% primary  school enrolment (World 

Bank, 2010b). 

 

These figures are from one source and are indicative only . However, the GIS datalay ers used in this 

study  and national census and MDG reports paint a similar picture.  

 

The following map of the Livelihood Zones of Zambia (FEWS NET for USAID), accompanied by  an 

analy tical report (ZVAC, 2004) provides an exceptionally  useful tool for analy sis of the potential 

impacts of climate stress and climate change on the livelihoods and food security  of Zambia’s 

population within the ZRB. We do not refer to it extensively  in this report but suggest that i t be used 

towards further interpretation of the R&V maps.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Livelihood Zones of Zambia. Source: ZVAC, 2004. 
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2.3. Economic activities in the Zambezi Basin in Zambia 

Zambia owns 36% of the ZRB total developed hy dropower capacity  (Euroconsult Mott MacDonald, 

2007). In total, it has seven existing hy dropower initiatives (Table 1 ) with a net capacity  of 2 618 MW.  

 
Table 1: Existing hydropower projects and reservoirs in the ZRB of Zambia (World Bank, 

2010a) 

Nam e Utility  River T y pe Capacity  

(MW) 

Victoria Falls ZESCO Zambezi run-of-river 108 

Kariba ZESCO Zambezi Reservoir 1  47 0 

Itezhi Tezhi ZESCO Kafue Reservoir n/a 

Kafue Upper Gorge ZESCO Kafue Reservoir 990 

Mulungushi ZESCO Mulungushi Reservoir 20 

Lunsemfwa ZESCO Lunsemfwa Reservoir 18 

Lusiwasi Private Lusiwasi Pondage 12 

 

There are an additional six  planned hy dropower developments (Table 2) which will generate a further 

2 300 MW. 

 
Table 2: Future hydropower projects and reservoirs in the ZRB of Zambia (World Bank Vol.1 
2010) 

Nam e Utility  River T y pe Capacity  (MW) 

Kariba North, 

refurbishment 

ZESCO Zambezi Reservoir 120 

Kafue Gorge Upper, 

refurbishment 

ZESCO Kafue Pondage 150 

Kariba North, 

extension 

ZESCO Zambezi Reservoir 360 

Itezhi Tezhi ZESCO Kafue Reservoir 120 

Batoka Gorge North ZESCO Zambezi Pondage 800 

Kafue Gorge Lower ZESCO Zambezi Pondage 7 50 

 

Batoka Gorge, a bilateral hydropower project between Zambia and Zimbabwe, would be located at a 

site 50 km downstream of Victoria Falls. It would include a 181  m dam and provide up to 800 MW of 

capacity each for Zambia and Zimbabwe. A full feasibility study was completed in 1993 (World Bank, 

2010a). The scheme is considered a serious contender for development in the medium term. The  

development of the Batoka Gorge will significantly  increase power production in Zambia and 

Zimbabwe, especially  if it is operated co njunctively  with Kariba.  

 

Additions of 360 MW and 300 MW to the existing capacities each of the Kariba North Bank and 

Kariba South Bank, respectively, are proposed for  the medium term. Because space for two additional 

units was allocated at construction t ime of the original plant, the extension of the Kariba North 

powerhouse is relatively  straightforward (World Bank, 2010a). The Itezhi Tezhi hy dropower 

extension, would be located at the existing dam site and consist of an underground powerhouse 
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housing of two 60 MW Kaplan units (World Bank, 2010a). A feasibility  study  was completed in 1999 

and the power deficit in Zambia has put the project on the fast track for development . A feasibility  

study  of developing 600 MW, with an additional bay for 150  MW, capacity  in the Kafue Gorge Lower 

was completed in 1995. In 2006 a site selection report that considered an installed capacity  of 7 50 

MW was submitted to ZESCO (World Bank, 2010a).  

 

Zambia, Zimbabwe and Malawi account for 85 % of cultivated land in the ZRB, with 1  154 000 ha of 

cultivated land in Zambia. The vast majority  (7 6%) of Zambia’s cultivated land is located in the ZRB 

(Euroconsult Mott MacDonald, 2007). Around 63% of Zambia’s population is rural and the GDP value 

of the agriculture sector in the ZRB of Zambia is about US$ 1 .62 billion.  

 

The recent increases in crop production in the ZRB demonstrate  the importance of agricultural 

development. In the early  1990s, for example, Zambia produced about 30 000 tons of wheat per 

annum and imported about 120 000 tons. Current production is at about 160 000 tons per y ear, 

compared with 40 000 tons for imports (Euroconsult Mott MacDonald , 2007 ). Most of Zambia’s 

wheat is grown with irrigation using centre-pivots techniques. The main drivers for the incre ase in 

production have been attractive market prices and electrification of farming blocks.  

 

Sugarcane production has also increased. Zambia’s main producer of sugar, the Zambia Sugar 

Company , has driven the country ’s sugar production from 22 000 tons in 1 962 to 250 000 tons in 

2006, all of which is irrigated. Zambia exports over half of total production: 80 000 tons to the 

Democratic Republic of Congo, 30 000 tons to countries in the Great Lakes region, and 20 000 tons 

to the Southern Africa Customs Union (Euroconsult Mott MacDonald, 2007 ). 

 

Throughout the Zambian part of the Basin, particularly in and around the floodplains, cattle rearing is 

an important cash-generating activity . In 1995, it was found that 31 % of the ZRB’s cattle were in the 

Zambian regions (Euroconsult Mott MacDonald, 2007 ).  

 

Zambia accounts for 15 % of the water abstracted from the ZRB for irrigation. Of the eight riparian 

countries, Zambia has the second greatest area of land (7 4 661 ha) irrigated in the ZRB zone. The area 

equipped for irrigation is 56 452 ha (World Bank, 2010 a). The area irrigated is likely  to increase by  

around 82% in the future and the area equipped for irrigation is likely  to inc rease by  around 66%.  

 

Water withdrawals from the Kabompo sub-basin for irrigation are low at an average annual volume of 

4.8 km3. There are currently  no dams in the sub-basin but there are plans for construction in the 

future (World Bank, 2010c). Water withdrawals for irrigation from the Barotse sub-basin are low (3.5 

km3) and irrigation potential is limited. Withdrawal and demand for irrigation from the Kafue sub -

basin is amongst the highest total (563 km3 per annum) within the ZRB. There is potential for future 

irrigation expansion. The annual extraction of water from the Luangwa sub -basin is very low (120 km3 

). However, it has great irrigation potential.  Demand for irrigation in the Mupata sub-basin is low at 

303 km3 per y ear. Y et, its close proximity  to Lusaka make irrigation potential high in some areas.  

Recession irrigation is commo n in the Barotse Floodplain, Kafue Flats and the Luangwa Valley  

Floodplain. 

 

Zambia received 515 000 international tourists in 2004. Of the eight riparian countries only  Angola 

and Malawi received fewer tourists than Zambia. The majority  of Zambia’s touris ts are African 
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(7 1 .2%). In 2008, tourism contributed US$ 67 7 .2 million to GDP. An estimated 54% of tourists 

primarily want to see Victoria Falls and another 34% seek to experience wildlife, adventure activ ities, 

and hunting in areas that mostly  fall within the ZRB. Virtually  all of the major game parks or game 

management areas, bird sanctuaries, or sports fishing areas are associated with wetlands, or rivers 

and lakes. This includes the Kafue and Luangwa National Parks (Euroconsult Mott MacDonald, 

2007 ). 

 

The area around Liv ingstone and Victoria Falls accounts for 56% of the tourism accommodation 

capacity, 46% of the total bed-nights in nature-based tourism establishments, and the second highest 

turnover rate of v isitors in Zambia. Annually, more than 34 000 v isitors go whitewater rafting on the 

Zambian side of this stretch of the Zambezi River . Each v isitor spends an average of US$ 135 per 

excursion which means total annual revenues from the excursions is more than US$ 4.5 million. If two 

nights’ accommodation in the area is included, with an average cost of US$ 200 per night, whitewater 

rafting tourists in this area on the Zambian side generates well over US$ 10 million per y ear.  

 

Another tourist development that is likely  to prove very  popular in the near  future is the Kavango-

Zambezi Transfrontier Conservation Area (KAZA TFCA) tourism project; a cooperative effort among 

five countries namely  Angola, Botswana, Namibia, Zambia, and Zimbabwe ( Euroconsult Mott 

MacDonald, 2007). The KAZA TFCA covers an area of 400 000 km2. The Victoria Falls is a central  

point in the TFCA near the meeting point of four of the five participating countries. Two major river 

basins, the Zambezi and the Okavango, contribute major wetlands, including the Okavango Swamps, 

to the KAZA TFCA landscapes. 

 

The main ZRB wetland areas of Zambia include the Barotse Floodplain, the Kafue Flats, the Luangwa 

Valley  and the Eastern Capriv i Floodplains.  The Barotse Floodplain was listed as a Ramsar site in 

2007. It supports the three activities of direct use traditionally associated with floodplain dwellers and 

intimately  linked to the occurrence of annual floods: fishing during flooding; movement of grazing 

cattle onto the dry ing land as floods recede; and fertilization of crops grown in the dry  ph ase by  

manure from cattle (World Bank, 2010 b). Most crops are grown on higher ground outside the 

floodplain, but farming and garden areas within the floodplain support the production of vegetables, 

fruit trees, maize, root crops, and rice.   

 

Fishing is one of the most important livelihood sectors in the Western Province of Zambia. The 

Barotse Floodplain provides most of the catch. Bream constitutes 80 % of the catch, with smaller 

numbers of tilapia, bottlenose, and other species. Droughts can reduce fish catches by  up to 80% 

(World Bank, 2010b). 

 

Wild animals of all kinds are becoming progressively  rare on the floodplains because of hunting, 

poaching, and habitat destruction. Lechwe and reedbuck are poached, turtle caught in fishing nets, 

and many  bird species including open-billed stork, geese, black stork, great white egrets, ducks, and 

cormorants are hunted for food.  

 

Reeds, especially Phragmites spp., and sedges are used in construction of buildings, fences, mats, and 

fishing apparatus. Papyrus (Cyperus papyrus) is the preferred material for sleeping mats and is also 

used in construction, roofing, and for coffins. Grass is used for thatching, ty ing, weaving, and 

sometimes for fuel. Palm leaves of Borassus and Raphia species are used in baskets, ropes, ty ing, and 
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construction. The floodplain produces little in the way  of fuel  wood. Clay  is used in construction and 

for pottery  and is considered one of the most important resources of the wetland for use by  local 

communities. The annual gross economic direct use value of the Barotse Floodplain is estimated at 

US$ 12 244 000 (World Bank, 2010b).  

 

The Kafue River is a major tributary  of the Zambezi River. Its drainage basin lies entirel y  within 

Zambia and provides 40% of the country’s potable water including being the major water source for 

the capital Lusaka. It includes three important wetlands, the Busanga swamps, the Lukanga swamps 

and the Kafue Flats (World Bank, 2010)b. The Kafue Flats has some of the most biolo gically  diverse 

ecosystems within its meandering river channels, lagoons, ox-bow lakes, remnant secondary channels, 

marshes, levees, and flooded grasslands. Among others, it supports more than 400 bird species, 

numerous fish species and substantial mammal populations such as the Kafue lechwe (Kobus leche  

kafuensis). The Kafue Flats was listed as a Ramsar site in 1991.   

 

The majority  of people liv ing on the Flats obtain water from wells, boreholes, and  streams, and 

between 70% and 90% rely  on firewood for energy. Grazing areas for livestock have been reduced, in 

the west due to desiccation and in the east because of inundation. Cattle grazing has also been 

negatively affected by problems such as the terminal tick-borne corridor disease (theileriosis) killing 

thousands of cattle. The spread of the disease is thought to have been caused by  the reduced flooding 

regimes that prev iously  controlled tick numbers (World Bank, 2010 b).  

 

There has been some decline in fish catches since the construction of the Itezhi Tezhi Dam in 197 7 , 

and some decline in the number of people actively fishing. However, the Flats still provide about 7 000 

tons of fish per y ear and the I tezhi Tezhi reservoir another 2000 tons. The annual direct use value of 

the Kafue Flats Wetlands is estimated at US$ 28.3 million (Sey am et al., 2001 in World Bank, 2010b). 

 

The Luangwa Wetlands cover 250 000 hectares along the Luangwa River in eastern Zambia. The 

wetlands were listed as a Ramsar site in 2007.  The ecoregion supports important populations of large 

mammals and reptiles, more than 60 fish species, and several hundred bird species. Much of the 

Luangwa Valley  is formally  protected as national parks and game management areas. Human 

population density is low. No detailed information is available on the direct use values, indirect use 

value, or existence value of the wetland area. The annual direct use value of the Luangwa Wetlands 

was estimated at US$ 10.8 million (Sey am et al., 2001 in World Bank, 2010b). 

 

The Zambezi River forms a series of interlinked floodplains along the borders between Namibia,  

Zambia, and Botswana. The floodplain sy stem in Eastern Capriv i/Chobe covers approximately  37 0 

000 ha (World Bank, 2010b). Among the direct uses of the wetlands, one of the most important is 

cattle grazing. The eastern Caprivi floodplain grasslands are home to about 124 000 cattle.  Maize is 

grown in the wetter floodplain areas as floodwaters recede, and millet and sorghum on drier lands. 

The clay -rich soils of the floodplain combined with a good flooding r egime and nutrient balance 

provide moderately good soils for crops. The area thus provides adjacent rural areas with some level of 

food security . 

 

In this sy stem, fish is one of the most important sources of protein and is eaten most days of the y ear.  

Populations of large mammals have declined drastically in numbers over the last 20 y ears, especially  

those associated with wetlands, such as sitatunga, lechwe, sable, reedbuck, bushbuck, and waterbuck, 
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due to increased hunting, habitat loss, and habitat changes due to lower rainfalls. Lechwe, sitatunga, 

and occasionally hippopotamus are still hunted, but larger wild animals are scarce. Waterbirds, such 

as ducks, geese, reed cormorants and darters, and their eggs, are also hunted for food (World Bank, 

2010c). Reeds, papyrus and grass are used for construction, fencing, sleeping mats, for fish baskets, 

traps, fish spears and rods, and for handicrafts. Several wild food plants are harvested. Water lily  

bulbs, located in marshy permanent pool areas on the floodplain, are a carbohydrate substitute when 

food supplies are low. Plants provide food, cooking supplements and medicines.  Dugout canoes 

(mikoro) are used for fishing and are mostly  made from Kiaat (Pterocarpus angolensis) and 

Rhodesian Teak (Baikiaea plurijuga). The Eastern Chobe-Capriv i Wetlands have an annual direct 

gross economic use value of around US$ 5 27 7  000 (Turpie et al., 1999). 

 

Zambia has developed a commercial aquaculture sector, including a large -scale fish farm in Kafue, 

small-scale fish farms in the Upper Zambezi, and fish farming on Lake Kariba. There are also 

crocodile farms along the Zambezi River, Lake Kariba and Luangwa River.  The Upper Zambezi has 

great potential for a thriv ing fishery sector. The Barotse Floodplain averages catches  of 7  500 t/y r but 

has a potential y ield of 14 000 t/y r. The Middle Basin (from Kafue to Luangwa, including the Kafue 

River and floodplain) is one of the most important areas for fishing with average catches of 7  000 t/y r 

in 1990–94 but with a potential y ield of 17  000 t/yr. The Lake Kariba kapenta fishery  has a potential 

of producing 40 000 t/yr. Potential y ields for Lake Kariba’s inshore fishery are relatively low at 3 000 

to 4 000 tonnes because of the steep shoreline of the lake (fish need less than 10 m in depth) (World 

Bank, 2010b).  

 

In April 2007 , the governments of Malawi, Mozambique, and Zambia signed a M emorandum of 

Understanding for collaboration on the implementation of the Shire -Zambezi Development Project. 

This will affect Zambia in the following way s: construction and rehabilitation of the road from Salima 

through Lilongwe and Mchinji to Zambia; dredging and conversion of the Shire -Zambezi waterway  

into a modern canal; rehabilitation and upgrading of the railway  line from Nsanje through Blanty re, 

Lilongwe, and Mchinji to Chipata near the Zambia/Mozambique Border; and, the construction and 

rehabilitation of the road from Nkhatabay through Mzimba into Zambia. This will provide Malawi and 

Zambia, otherwise landlocked countries, with direct access to the sea and global economy ; reduce the 

costs of goods and services for landlocked countries like Malawi and Zambia by  at least 60 % based on 

preliminary  estimates (World Bank, 2010 b). 

 

Navigation in the Upper Zambezi is difficult in sections due to rapids and shallow water. Potential for 

navigation exists in the Barotse Flood Plain, but below that there are further rapids. There is an 

important crossing at Kazungula, linking Botswana to Zambia, but shallow water at the landing site at 

certain times of the y ear can cause problems. A further reduction in the water  level in the upper 

Zambezi would have a detrimental impact on navigation.  Both Zambia and Zimbabwe utilise Lake 

Kariba for transport to create accessibility to settlements that are otherwise isolat ed. Low water levels 

hamper accessibility particularly on the Zimbabwean banks of Lake Kariba.  Ferry  crossings between 

Luangwa and Kany emba shorten the transport distance between Malawi and Zimbabwe and South 

Africa and help to promote regional economic integration. Agricultural development is likely  to result 

in improved transport structure particularly  on the Kafue Flats. More river crossings are to be 

established and/or some of the existing being replaced by a bridge. Shallow bottomed vessels can all 

nav igate throughout the y ear (Euroconsult Mott MacDonald, 2007 ). 
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In major cities that depend on groundwater and indiv idual wells  (such as Lusaka), bacteriological 

contamination may  be an issue due to poor sanitation and refuse dump run -off (Euroconsult Mott 

MacDonald, 2007). There are no sewage treatment facilities and waste is discharged into the Kafue 

River. Other significant towns without treatment facilities include Kafue and Liv ingstone. Very  few of 

the small towns and v illages have treatment facilities.  Water quality  is an increasing concern, 

particularly in the Kafue River Basin. The river provides domestic water supply  to over 40 % of the  

Zambian population. The Copperbelt Province produces a number of pollutants which have entered 

the Kafue River Basin. Heavy  metals such as copper, manganese, and lead have been detected in the 

Kafue River and its tributaries. Despite the concerns regarding possible heavy  metal pollution, until 

recently  there has been little data to suggest that this is in fact a problem . This is because the 

environmental degradation was poorly  quantified in spatial term s since the availability  of accurate 

and up-to-date regional geochemical data for both unpolluted and polluted areas has been limited.  

 

Kabwe is considered by the Blacksmith Institute to be one of the ten most polluted cities on the planet. 

Lead poisoning is particularly  prevalent in this city  which has a population of 300 000. The 

Blacksmith Institute urged the World Bank to provide significant funding to remove toxic lea d from 

the soil in Kabwe as its population was severely  sick and incapacitated from chronic lead exposure 

(Euroconsult Mott MacDonald, 2007). In addition to the heavy metal contamination, the Kafue River 

sy stem is polluted by  numerous industries, as is Lake Kariba. This has affected the BOD, and 

increased levels of organic solvents, heavy  metals, metal sludges and slurries, and nutrients (World 

Bank, 2010b). 

 

Increased nutrients in the water can lead to an overgrowth of algae which clogs water di stribution 

sy stems used for irrigation. Some algae can lead to bad tastes and odour which are costly  to remove. 

Water hy acinth flourishes in this nutrient enriched water and is a particular problem on Lake Kariba. 

While it is now under control, the governments of Zambia and Zimbabwe considered it to be a 

national emergency  in 1998 when it was at its worst.  

 

The ZRA performs two levels of water quality  monitoring. The first involves measuring pH, 

conductivity, total suspended solids, nitrate and sulfate. The  testing is carried out four times a month 

at Chavuma and Lungue Bungo River, and once a month at Victoria Falls and downstream of Lake 

Kariba. The second level monitoring includes testing for arsenic, cadmium, cy anide, lead, mercury , 

and zinc, and is performed four times a y ear at Deka, Gwai, Sany ati, Kafue Park, Kafue Town and 

Kafue Ferry , and Luangwa. The Environmental Council of Zambia is responsible for water pollution 

control. 

 

2.4. Climate change in Zambia 

Clim ate change glossary  (IPCC, 2007 ) 

 

Adaptation: Adjustment in natural or human sy stems in response to actual or expected climatic 

stimuli or their effects, which moderates harm or exploits beneficial opportunities.  

Adaptive capacity: The ability of a sy stem 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. 
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Clim ate change: Climate change refers to any  change in climate over time, whether due to natural 

variability  or as a result of human activ ity . 

Clim ate projection: The calculated response of the climate sy stem to emissions or concentration 

scenarios of greenhouse gases and aerosols, or radiative forcing scenarios, often based on simulations 

by  climate models. 

Clim ate 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 bey ond that of indiv idual 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 sy stem 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 an d variation to which a sy stem is 

exposed, its sensitiv ity , 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) 

 

 

Climate change is as ev ident 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 y ears, and the number of hot 

day s per y ear has increased whereas the number of cold nights per y ear 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 day s 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 Nay lor 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 receiv ing 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 cy cles and access to fields 

during harvest periods, contributing to y ield reductions or total losses and thus food insecurity . 

 

The climate of the south-central to eastern regions of southern Africa is characterised by  high inter -

annual, inter-decadal and multi-decadal variability , particularly  with respect to rainfall. One of the 

most important way s in which climate change is likely to affect conditions in the Zambezi River Basin 
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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 

in the September-October-November (SON) rainfall and more intense rainfall in the December -

January -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 . 
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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. 

 

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. 
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Figure 5. Map of projected annual rainfall changes 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 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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2.4.1. Impacts of climate change 

A significant increase in heavy  rainfall events has been observed in Zambia , including ev idence of 

changes in seasonality and weather extremes (SARDC and HBS, 2010). Zambia has also experienced a 

shift in recent years in the onset of the rainy season and when the rains do come they are interspersed 

with dry  spells. This resulted in a food deficit for 2005 as production fell from 1 .2 million metric 

tonnes in 2004 to 866 000 tonnes in 2005 (Chagutah, 2006).  

 

Other ev idence of climate change in the region includes: the period of 2008 -2009 when the ZRB 

experienced flooding, affecting and displacing thousands of people in Angola, Botswana, Malawi, 

Namibia and Zambia (SARDC and HBS, 2010). The 2009 flooding was as a result of unusually  heavy  

rainfall and it endangered the lives of 483 000 people liv ing on the edge of the  Zambezi floodplain. 

People were forced to seek out higher ground as v illages became completely  submerged. A season’s 

worth of crops was destroy ed and people’s livelihoods and homes abandoned (Sullivan, 2009).  

 

The flooding caused by heavy and continuous rain that fell from December 2005 through March 2006 

caused considerable structural damage, destroy ing schools, crops, telecommunications and roads 

while in some places whole v illages were flooded prompting the reloc ation of people and livestock to 

higher ground. The flooding also disrupted the power supply  in Zambia after the country ’s main 

hy droelectric power station at Kafue Gorge was damaged (Chagutah, 2006). In the rainfall season of 

1999-2000, cyclone Eline brought widespread floods and devastating extensive areas of Botswana, 

Mozambique, Malawi, Zambia and Zimbabwe (Chagutah, 2006).  

 

In Zambia, drought-induced crop failures hav e been the most common disaster experienced in the 

recent past. The country experienced drought during the 2004-2005 agriculture season in which two 

thirds of the country received little and/or no rainfall which coincided with critical flowering periods 

for major cereal crops (Ministry  of Tourism and Natural Resources, 2007 ). Even drought tolerant 

crops such as cotton and tobacco were affected by  the erratic rainfall. According to the Zambia 

Vulnerability Assessment Committee (ZVAC), 120 000 tonnes of food was required to feed some 1 .2 

million starv ing vulnerable people in drought-prone rural areas of Zambia before the next harvest in 

March 2006. On average Zambia experiences two to three drought years in a decade. Severe droughts 

often cause total crop failures in the southern and western parts of the country  (Ministry  of Tourism 

and Natural Resources, 2007 ). 

 

Not only  does drought affect crop production, livestock numbers have been found to decrease with 

increasing temperatures and lower rainfall. This is likely  do to the reduction in available pastures. As 

Zambian farmers tend to sell or exchange their cattle for other food commodities in times of drought 

(Ministry  of Tourism and Natural Resources, 2007 ).  

 

On a local scale recurrent droughts have led to the collapse of the traditional credit delivery  sy stem, 

which focused mainly  on maize and fertilizer inputs, crop diversification and contract farming 

arrangements, especially for cotton, tobacco, paprika and castor oil (SARDC and HBS, 2010).  Farmers 

in Zambia are using crop management practices that include use of irrigation, water and soil 

conservation techniques (conservation agriculture) and vary ing planting and harvesting dates to 

ensure that critical sensitive growth stages do not coincide with very  harsh climatic conditions in the 

http://en.wikipedia.org/wiki/Zambezi_River
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season. Diversifying from farming to non-farming activities is also a common option. Sale of poultry  

and livestock, informal trade and casual employment are some of the alternative activities common in 

the basin (SARDC and HBS, 2010). 

 

Natural resources including wildlife and forests are threatened by  major cli matic hazards such as 

extended droughts. The 1992 drought resulted in the deaths of many  hippopotamuses in South 

Luangwa National Park and the migration of most animals from the Park (Ministry  of Tourism and 

Natural Resources, 2007 ). In 2005, the drier conditions induced changes in elephant health. 

Elephants had lower body  mass and were forced to forage closer to the river. The regeneration of 

Miombo forest, which normally regenerates rapidly, is negatively affected. The suggested intervention 

is to reduce the pace of deforestation, particularly  land clearing for agriculture and charcoal 

production, to allow adjustments to the lower precipitation (Ministry  of Touris m and Natural 

Resources, 2007 ). Under drier conditions, the Zambian ZRB wetland areas (e.g. Kafue Flats) are in 

danger of shrinking. As these wetlands shrink, carbon emissions are likely  to increase (SARDC and 

HBS, 2010).  

 

Climate experts predict an expansion of malaria cases to zones which are currently  too cool for 

malaria such as the Highlands of Zambia, due to climate change related rises in temperature (SARDC 

and HBS, 2010). Also, some studies are underway to determine whether the recent cholera epidemics 

in the Basin (Zimbabwe, Zambia, Malawi and Botswana) could be linked to effects of climat e change, 

as the severity  and spread broke historic records (SARDC and HBS, 2010). A reduction in natural 

flooding is believed to be the cause for the increase in cases of tick-borne diseases. 

 

Eighty  per cent of Zambia’s rural population has consistently lived in poverty  over the past 10 y ears 

(Zambia Central Statistical Office, 2006). This indicates that the rural people are particularly  

vulnerable to disasters such as flooding and drought as they lack the necessary ‘safety -net’ resources. 

Those of particular concern are the female-headed households, the children, the elderly , and the sick 

(e.g. those infected with HIV/AIDS). 

 

On the other hand, climate impacts on food security are not always negative. The 2002-2003 floods in 

the northern province of Zambia had both negative and positive impacts. The positives included 

increased rice yields in the Chambeshi river flats; growth in fish stocks; better pastures for livestock 

and increased groundwater recharge for the aquifers. People in the Barotse floodplain have long relied 

on nutrient-rich silt brought in by  the floods (SARDC and HBS, 2010).  

2.4.2. Legal, institutional and policy framework for adaptation to climate 

disasters and climate change 

In Zambia, responsibility  for flood forecasting, flood management and/or  disaster preparedness is 

assigned to the following institutions: Department of Water Affairs (DWA), Zambia Meteorological 

Department (ZMD), Zambezi River Authority  (ZRA), and the Disaster Management and Mitigation 

Unit (DMMU) housed in the Office of the V ice-President. Zambia has a National Disaster Policy  and 

an operational manual relating to flood forecasting (FFEWS and WMO, 2009).  

 

The current institutional capacities are limited in terms of numbers of skilled personnel and 

specialized equipment. Improv ement is required in the areas of forecasting (skills and equipment), 

retention of skilled personnel, and a data collection network (FFEWS and WMO, 2009).  
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Regarding data exchange and sharing, the existing policy  is to provide this information at a fee. 

However Government, educational and research institutions are exempted. Data and information is 

shared freely  on projects involv ing DWA, ZMD, DMMU and ZRA (FFEWS and WMO, 2009). 

Information is also shared freely on request from Zambezi countries in the Zambe zi Basin within the 

framework of cooperation among SADC countries.  

 

Basic data collection networks in Zambia are hy drometric, meteorological, telemetry and water quality 

networks. The data is of good quality for flood forecasting purposes. Meteorological products provided 

include daily, 5-7  days, 10 days and seasonal rainfall forecasts. Weather forecasts are communicated 

through e-mail, TV, Community  Radio stations, HF radio transceivers and telephone (FFEWS and 

WMO, 2009).  

 

National Adaptation Programmes of Action (NAPAs) provide a process for Least Developed Countries 

(LDCs) to identify  priority  activ ities that respond to their urgent and immediate needs to adapt to 

climate change, and for which further delay would increase vulnerability and/or costs at a  later stage.  

 

The 10 priority adaptation projects for Zambia include, in descending order of priority  (Government 

of the Republic of Zambia, 2007 ): 

1. Strengthening of early warning systems to improve services to preparedness and adaptation 

to climate change in all the sectors (agriculture, health, natural resource, and energy )  

2. Promotion of alternatives sources of livelihoods  

3. Adaptation of the Effects of Drought in the context of Climate Change in Agro -Ecological 

Region I of Zambia  

4. Management of critical habitats  

5. Promote natural regeneration of indigenous forests  

6. Adaptation of land use practices (crops, fish, and livestock) in light of climate change  

7 . Maintenance and provision of water infrastructure to communities to reduce Human -Wildlife 

Conflict  

8. Eradication of Invasive Alien Species  

9. Capacity  building for improved environmental health in rural areas  

10. Climate-proofing sanitation in urban areas  
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3. Background and approach to R&V mapping 

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  interv iewing 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 sy stem has been to acquire higher resolution da tasets 

wherever possible and to include more relevant datasets many  of which have been reworked or are 

new for this analy sis. For context, we believe that population change will be a cr itical factor in the 

region but we look at per capita resources and ratios rather than population density  on its own.  We 

make use of the MAP project which provides good data on malaria incidence and high resolution 

human population estimates. 

3.1. A general climate vulnerability map for Zambia (Zambezi Basin) 

This represents a ‘broad brush’ approach with the objective of identify ing 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 analy sis for the 

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 sy stem 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  (climate-

related risk factors), sensitivity of both people and the environment to this harm (together comprising 

the potential impact), and the capacity of human and environmental systems to deal with and respond 

to those risks and their consequences (Figure 8). 

 

 

Figure 8: 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 lay ers into one summary  lay er.  We used a total of 64 data 

lay ers, 12 of which are new since the RCCP.  These are listed and described in a separate Methods 

Report (Davies and Wroblewski, unpublished). The advantage of this approach is that it presents an 

immediately accessible graphic representation of the expec ted 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 lay ers 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  lay ers 

(weighted up to *3) than datasets which were considered to be less crucial, les s reliable, and of a crude 

resolution (weighted * 1).  Many  of the adaptive capacity  lay ers 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 delegat es 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  indica tors, 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 pathway s 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 sensitiv ity  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 analy sis or principal components 

analy sis 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 lay ers for this high resolution analy sis:  

1. instead of national GDP, we accessed census data by  province / administration district on 

indices of household wealth e.g. upper and lower quintile valu es or % unemploy ed 

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. by  province / administration district, education level 

7 . high resolution population data (afriPOP) and malaria risk mapping outputs (MAP)  

8. we investigated FEWSNET livelihoods data for suitable indicators  

9. higher resolution, downscaled climate models 

10. 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 use d 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 1km 2 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 mod els for the period 2040-

2069 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 (hy dro1k 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 (hy dro1k data). 

 

Average future mean annual temperature was calculated from the five models for the period 2040 -

2069 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 (hy dro1k da ta) 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 Zambia (Zambezi 

Basin) 

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 ha rm (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 address 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 ac ross the entire area 

of the Zambezi Basin with associated consequences of food security  (crop failures) and health risks 

(certain diseases are specifically associated with drought).  So the primary  targeted map is aimed at 

identify ing 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  harm s 

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/cy clones, sea level rise  
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4. Current general climate vulnerability summary layers 

4.1. Exposure current 

Exposure category  lay ers used for the exposure summary  lay er: 

1. Coefficient of variation for inter-annual rainfall (2) 

2. Coefficient of variation for monthly  rainfall (2) 

3. Risk of cy clones (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) 
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The following areas of high exposure to climate risk can be distinguished (red areas on the map): 

 Western Province - Luanginga catchment and Barotse Floodplain, west bank of the Zambezi: 

vast wetlands, high rainfall zone, experiencing annual flooding and occasional excessive 

flooding 

 Central and Southern provinces - the Kafue Flats area of the Kafue subbasin: seasonally  

inundated floodplain, with occasional excessive flooding; rainfall can be irregular and 

insufficient, with occasional dry  spells and droughts.  

 Southern province - low-ly ing area of the Zambezi Valley north-west of Lake Kariba (Gwembe 

Valley) in the Kariba sub-basin: this area is 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.  

 Lusaka province and Eastern province (southern part) – moderately  high exposure: these 

areas are also hot, with highly  variable (between y ears and within seasons) and often 

insufficient rainfall, and droughts are experienced frequently . Occasional flooding and fire s 

can be problematic. 

 

The map also depicts areas of apparent lower climate exposure (blue areas). These include the north -

western and northern parts of Zambia, parts of Western Zambia, and the northern parts of Zambia’s 

Eastern province and into Northern province. These areas, which are closer to the more stable climate 

of the tropics, generally receive high and predictable rainfall, and are generally not prone to drought. 

4.2. Sensitivity current 

Sensitiv ity  category  lay ers used for the sensitiv ity  summary  lay er (with weighting in brackets): 

1. Percent land under irrigation (3) 

2. Human appropriation of net primary  productiv ity  (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  productiv ity  (2) 

9. Major agricultural sy stems (1) 

10. Own food production (1) 

11. Protein consumption (1) 

12. Dietary  diversity  (1) 

13. Water withdrawals (2) 

14. People liv ing in water stress (2) 

15. Forest loss (2) 

16. Rainfall per capita (3) 
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A broad swathe of high sensitiv ity  is apparent (red areas on the map) across the ZRB area from the 

south to the north-east, including the Copperbelt area around Ndola, but excluding the Luangwa 

Valley . 

 Southern, Lusaka, Central provinces and Eastern province outside of Luangwa Valley : 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  productiv ity  and a shorter growing season. These factors combine to render this 

region more sensitive to the consequences of climate stress.  
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 Area around Ndola in Copperbelt province: This mining area’s population is growing rapidly , 

with accompanying pressure on surrounding farmland and forests, much of it being converted 

to commercial farms. Soils are degrading thus reducing their productive potential although 

there is sufficient water and a long growing season. 

4.3. Adaptive capacity current 

Adaptive capacity category  lay ers used for the adaptive capacity  summary  lay er (with weighting in 

brackets): 

1. Infrastructure poverty  (2) 

2. Economic wealth (3) 

3. Malnourishment in children under 5 y ears 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. Unemploy ment (3) 

23. Educational attainment (3) 

24. Gender inequality : unemploy ment (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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The following areas of low adaptive capacity  to climate risk can be distinguished (red areas on the 

map): 

Central, Eastern, Northern provinces: This broad swathe across the central, eastern and 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, unemploy ment, and lower access by  girls and women to 

secondary  education and employ ment 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 
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communities more isolated in the Northern province areas. There are patches o f 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 prov ince). 

 

Higher adaptive capacity  is ev ident in Northwestern, Western and Lusaka Provinces. 

4.4. Impact current 

Im pact overlay (current/recent historical): We derived this lay er as (sensitiv ity  summary  + 

exposure summary ). 
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The following areas of high impact can be distinguished (red areas on the map): 

1. Patches of Western Zambia - an area of moderate current impact along the southern Angolan 

tributaries (Luanginga and Barotse floodplain, Cuando), which experience high climate 

exposure but have lower sensitiv ity  to these risks.  

2. Zambia – Kafue River as it turns east and through the Kafue Flats: high exposure and high 

sensitiv ity  (extending east to Kabwe) 

3. Zambia - area south and east of Lusaka: moderately  high exposure but very  high sensitiv it y  

4. Zambia and Zimbabwe – area north-west of Lake Kariba: very  high exposure and high 

sensitiv ity  

5. Zambia – southern parts of Eastern province: moderately high exposure and high sensitiv ity  

The north-western and north-eastern parts of the basin area show lower current impact of climate 

risk. 

4.5. Vulnerability hotspots current 

Vulnerability  overlay  (current/recent historical): We derived this lay er as (sensitiv ity  

summary  + exposure summary  + adaptive capacity  summary ).  
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The following areas of high vulnerability  (hotspots) can be distinguished (red areas on the map):  

 Western parts of Central province including Kafue Flats: high impact (exposure and 

sensitiv ity ) combined with low adaptive capacity  

 Area north of Lake Kariba: very high impact (exposure and sensitiv ity ) but relatively  higher 

adaptive capacity  

 Most of Eastern province except northern parts and Luangwa valley , particularly  intense 

around Ny imba/Sinda: high impact in the southern parts (Nyimba/Sinda – exposure, general 

sensitiv ity ) combined with very  low adaptive capacity  across the province  
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5. Future general climate vulnerability summary layers 

In addition to the lay ers used for the current /recent historical summary  lay ers (given above), the 

following lay ers were included to project changes by  mid-century  (ca. 2050). 

5.1. Exposure 2050 

Additional exposure category  lay ers used for the exposure summary  lay er (weighting in brackets):  

1. One in 10 y ear 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:  

 Western province: Part of the larger western basin, is projected to become much more 

exposed to climate stress relating to reductions in annual precipitation, i ncreasing 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.  

 Central and Southern provinces: Intensification of exposure is projected owing to increasing 

risk of drought, moderate decline in annual precipitation, moderately  strong warming, and, 

importantly , substantial areas of projected loss of cropland.  

The northern and eastern/north-eastern parts of the basin in Zambia are likely  to be less exposed to 

future climate changes. 

5.2. Sensitivity 2050 

Additional sensitivity category layers used for the sensitivity  summary  lay er (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) 
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The following changes to sensitiv ity  are projected for 2050 relative to the current situation:  

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 

sensitiv ity . 

5.3. Impact 2050 

 

Im pact overlay  (future): We derived this lay er as (sensitiv ity  summary  + exposure summary ).  
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The following changes to climate impact are projected for 2050 relative to the current situation: 

 Western province: Areas of current patchy impact show significantly  increased intensity  and 

area of impact, including the Barotse floodplain. This is brought about by  the likely  very  

negative climate futures for this area.  

 Central and Southern provinces and the area around Lusaka: Intensification of exposure, 

which consolidates into one large area of very high impact. This is driven by a negative climate 

future as well as increasing sensitiv ity .  

 Eastern Lusaka and Eastern provinc es: This area shows reductions in impact due to a less 

negative climate future. 

5.4. Vulnerability hotspots 2050 

Vulnerability  overlay  (future): We derived this lay er as (sensitiv ity  summary  + exposure 

summary  + adaptive capacity  summary ).  
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The following changes to climate impact are projected for 2050 relative to the current situation:  

 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  

 Area north-west of Lake Kariba: this vulnerability  hotspot becomes more intense due to 

increased impact but is still balanced to some extent by  relatively  higher adaptive capacity .  

 Eastern province except northern parts and Luangwa valley: the area of this hotspot contracts 

somewhat but it remains intense around Ny imba/Sinda. This results from a combination of 

less negative climate futures but increasing population density and thus sensitivity around the 

larger towns. 

 

5.5. Areas of greatest concern 

We now turn to identify ing, on an administrative level (province), where the areas of highest or lowest 

impact and vulnerability  are located, and how this is likely  to change under climate change.  

 

This provides a possible starting point for  highlighting specific provinces which are: 

1. Currently  highly  ranked and likely  to remain so (e.g. Kafue Flats, Gwembe Valley ) 

2. not currently  highly  ranked but likely  to become highly  ranked (e.g. area around Kabwe) 

3. currently  highly  ranked but likely  to beco me less highly  ranked (e.g. some of the southern 

parts of Eastern Province) 

4. not currently highly ranked and likely  to remain so (e.g. North-west Province) – thus centres 

of resilience 

 

Each of these possibilities will require careful analy sis and correspon ding 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 activ ities characteristic of 

each area should be analysed within this context when sub -national and basin-level climate change 

response strategies are developed.  

 

The following table shows provinces in order of rank across the basin in accordance with their mean 

value for Impact Current and Impact Future. This was calculated using the zonal statistics function in 

ArcGIS. The last column shows the change in rank relative to all administrative units a cross the basin. 

It should be noted that a change in rank does not say  any thing about changes in absolute climate 

impact, merely  that the provincial impact has increased or decreased relative to the other 

provinces.  
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Table 2. Ranking of provinces 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. 

Province 

Mean 
current 
impact 
value 

Rank 
current 

Mean 
future 
impact 
value 

 
 
Rank 
future 

 
 

Change in 
rank 

Southern 304.63 19 404.57 10 +9 

Lusaka 303.59 20 335.06 21 -1 

Central 226.15 42 276.60 34 +8 

Eastern 207.88 46 187.00 50 -4 

Western 186.99 50 309.87 26 +24 

Northern 165.79 53 138.87 57 -4 

Copperbelt 153.79 54 211.51 45 +9 

North-Western 107.24 56 215.79 43 +13 

 

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 

analy sis (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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A moderate but significant “hotspot” for future “impact” emerges in Southern Province and Lusaka, 

and particularly the northern shoreline of Lake Kariba. This area is also currently highly  impacted by  

climate stressors owing to both high exposure and high sensitiv ity . Future condit ions will likely  

increase exposure in particular, but population growth in an around Lusaka will contribute to high 

impacts. 

 

A significant future “resilience spot” for “impact” is ev ident 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 also emerge s as a future “resilience spot” for 

“impact”. These areas are currently less vulnerable than other parts of the basin and appear likely  to 

remain less vulnerable in the next few decades.  

 

The following table shows 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. 
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Table 3. Ranking of provinces according to climate-related vulnerability, both currently and in 
the future (ca. 2050). Those change values highlighted in grey show high projected increases 

in potential impacts from climate risk (change in rank 10) from current to 2050. 

Province 

Mean 
current 
hotspot 

value 
Rank 
current 

Mean 
future 

hotspot 
value 

 
Rank 
future 

 
Change in 

rank 

Eastern 18.76 21 16.84 38 -17 

Central 18.36 23 22.54 21 +2 

Southern 16.93 28 22.71 20 +8 

Lusaka 16.50 30 18.33 36 -6 

Northern 12.77 46 10.70 48 -2 

Western 9.91 52 16.69 39 +13 

Copperbelt 9.02 56 12.44 46 +10 

North-Western 5.09 60 10.55 49 +11 

 

 

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 prev ious map for future impact. The “resilience spot” in eastern Zambia remains.  

 

The vulnerability “hotspot” in Southern Province contracts but a new one emerges around the town of 

Sinda in Eastern Province. 

 

A weaker vulnerability  “resilience spot” – a centre of resilience - becomes ev ident in the northern 

parts of Western Zambia.  

 

6. Specific Harms Analysis 

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 which were 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  lay ers (values were inverted): 

1. Reliance upon agriculture in GDP 

2. Water discharge accessibility  

3. Irrigation potential 

 

Seventeen sensitiv ity  lay ers: 

1. Sensitiv ity  ranking of agricultural sy stem 

2. Human appropriation of net primary  productiv ity  

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  productiv ity  

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 liv ing in water stress 

17 . Amount of water withdrawals. 
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Nine exposure lay ers: 

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 y ear drought 

6. Projected precipitation change 

7 . Projected mean temperature change 

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 which were 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  lay ers (values were inverted): 

1. Suitability  for malaria 

2. Access to improved water (by  nation) 

 

Four exposure lay ers: 

1. General risk of sea level rise (and storm surges) 

2. Risk of cy clones 

3. Flood frequency  

4. Proportion of national populations affected by  disasters 
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7. Discussion: risk & vulnerability and response options 

In a developing country  such as Zambia, 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 service s. 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 serv ices to the population e.g. 

access to improved water. The development of Zambia will continue to depend on the future 

harnessing of its natural resources, while ensuring that areas of high usage do so sustainably  and 

equitably .  

 

Climate change threatens development since it impacts directly  on natura l resources and affects 

populations and economic activities in numerous direct and indirect way s. 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. We do not attem pt to fully interpret the 

results of this study here, but m erely 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 Zam bia and 

the Basin.  

 

The Zambezi River Basin within Zambia 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. 

 

The first vulnerability hotspot is located in the south-central parts of Zambia, including the southern 

Kafue sub-basin and the Kafue Flats and stretching towards Lake Kariba  and the area east of Lusaka. 

Current vulnerability arises from high exposure, high sensitivity, and in the case of the southern Kafue 

sub-basin low adaptive capacity. This situation is likely  to persist with climate change and continued 

population growth in an already  well populated agricultural region. Potential loss of agricultural 

productiv ity  is cause for concern since this is a major centre of food and cash crop produc tion in 

Zambia.  

 

The second hotspot is in the Eastern Province, south of the Luangwa River Valley  a nd stretching 

towards central Malawi. In this case, the main driver appears to be very low adaptive capacity  related 

to developmental backlogs, although exposure and sensitiv ity  are also significant. The hotspot is 

centred around the towns of Ny inda/Simba but extends into the rural areas. Future reductions in 

relative climate exposure could reduce potential impacts (although the area will remain  highly  

sensitiv e), but if adaptive capacity remains low and urban population growth continues, this hotspot 

will become concentrated around the towns.  This could provide opportunities for agricultural 

development in this province. 

 

Spatially  explicit economic and land use planning should factor in areas of differing exposure and 

vulnerability. Further agricultural development should proceed with great caution in the Kafue Flats 
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and Southern Province, whereas parts of the Eastern Prov ince and the Copperbelt and adjacent 

Northwest Province could assume the role of national breadbaskets . The feasibility  of agricultural 

development in these areas will depend largely  on improved infrastructure, especially  transport 

sy stems and markets, as well as dealing with agronomic challenges and crop-wildlife conflict. Human 

development such as better education levels and equal opportunities for women will also require 

attention in order to develop a productive labour force. It is also important to retain the ecological 

integrity  of the Luangwa River Valley  and the north-western forests, since these 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 sy stem. Thus, difficult trade-offs will need to be considered.   

 

The enormous biodiversity and ecological importance of the southern Kafue catchments and Kafue 

Flats could become seriously endangered. The area’s ecosy stems  already  support a diverse range of 

livelihoods and hold great potential for tourism development . The river sy stem and especially  its 

wetlands and floodplain have an important regulatory role for local hy drological 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 this area. A close analysis is required of existing and 

planned hy dropower 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 the sy stem should be sought. 

 

Management of the shared water resources of the ZRB under conditions of climate c hange 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 basin-level planning, management, 

monitoring and data sharing becoming particularly  important. Sub-basins 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 dry ing. 

Hy drologically, these shifts can be expected to change the relative contributions of various catchments 

to overall annual river flow and discharge (this aspect re quires further hydrological analysis). Many  of 

the resilient catchments occur in Zambia and the country thus has a regional responsibility to manage 

these catchments wisely. In parts of the basin where drying is likely  to be experienced, such as south -

central Zambia, 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 c limate 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 multi-national decision making. The Zambezi 

Watercourse Commission (ZAMCOM) is now well positioned to lead and guide these processes.  

 

Social development in order to raise adaptive capacity in currently under-developed areas of Zambia 

will be important. The specific needs vary depending on the province and distric t, but broad themes 

have emerged from the maps. The greatest problems occur in the Central, Eastern and Northern 

Provinces. Poverty  and unemploy ment, low educational attainment, child malnutrition, risk of 

malaria and gender inequality  stand out as contrib uting to an overall poor ability  to deal with and 

adapt to shocks. Investment in these areas would contribute significantly  to building resilience at 

community  level. 
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Increasing vulnerabilities of populations in the south-central region could drive increasing migration 

to more resilient regions within and without Zambia ’s borders. Current flows of environmental 

refugees and migrants within the country (especially from the south to the north and into urban areas 

such as Lusaka) are likely  to intensify , particularly during and following climate-related disasters. This 

will demand pro-active responses from both sending and receiv ing regions. Human security  and 

conflict management could become increasingly important national priorities. Zambia will need high 

level political engagement, institutions, policy  frameworks and supporting data and monitoring 

programmes to manage any significant impacts of climate change on national (and possibly  regional) 

security . 

 

In conclusion, probably the most important adaptive response is sustainable land use planning and 

management, and sustainable natural resource management, underpinned by  strong policies, laws, 

regulation and institutional arrangements. In addition, the development of human capital through  

education, health care and diversified livelihood opportunities will be required to develop resilience to 

the expected impacts of climate change. Climate risk and vulnerability mapping is a useful tool which 

should be used to help inform effective medium - and long-term planning and to guide the 

district/provincial, national and basin-level dialogue around climate adaptation options and 

priorities. 
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