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Executive Summary 

Malawi is highly vulnerable to climate variability and climate-related 
shocks, now and in future.  
Climate v ulnerability  is the degree to which a sy stem is susceptible to, and unable to cope with,  

adverse effects of climate stress. In Malawi, vulnerability  arises from poverty  and limited livelihood 

options, high reliance on rainfed agriculture and natural resources, fragile ecosy stems, widespread 

food insecurity , and a high burden of disease. Thus, under-development is a major driver of 

vulnerability of human and natural sy stems – climate change is an additional stressor  on an already  

stressed socio-economic system. Climate change is likely to exacerbate existing vulnerability  and also 

lead to new emerging vulnerability, although mitigation of vulnerability is also possible in some areas 

of the country . 

 

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 Malawi 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 Malawi national boundaries . Geo-

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

most important indicators. 

 

Climate exposure is currently high across most of Malawi, and projected 
to intensify in the south but to be ameliorated in the north by mid-
century. 
The districts of northern Chitipa and northern Karonga (north), southern Mzimba and Nkhotakota 

(north-central), Mangochi (southern lakeshore) and Phalombe, Mulanje, Chiradzulu, Thy olo and 

Nsanje (far south) show highest current exposure, relating to frequent dry  spells and droughts,  

occasional heavy rainfall and flooding (particularly  the southern Shire River region and around the 

Lakes), and cy clones in the south. Future climate projections indicate declining annual rainfall in the 

far south, combined with likely  higher seasonal rainfall variability  and moderate temperature 

increases. Climate exposure intensifies notably  in the area around Blanty re. 
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Climate vulnerability ‘hotspots’ are projected to shift southwards over 
the next few decades. 
Lower adaptive capacity and higher sensitivity to climate stressors in the central area of Mchinji and 

eastwards to the southern Lake Malawi area leads to current high vulnerability  in this region. The far 

south-eastern districts are also very vulnerable although adaptive capacity is somewhat higher. Future 

vulnerability is shown to remain high in Mchinji and Mangochi, but could intensify and become more 

extensive towards the far south to include Blanty re and the whole southern Shire River area.  

 

Population growth projected for mid-century will contribute to 
significant increases in vulnerability in areas of increasing climate 
exposure. 
Malawi is the most densely  populated country  in southern Africa and growth rates remain high, 

combined with high levels of poverty. The country  is highly  reliant on rainfed agriculture mostly  by  

subsistence and smallholder farmers. Per capita access to productive resources (e.g. land, water) will 

come under increasing pressure with the need to feed the growing population. A harsher and more 

variable future climate in the south is expected to increase this challenge, as well as impact on 

commercial cash crop agriculture and associated livelihoods.  Raising agricultural production will 

depend on stimulating adaptive capacity  in this sector, for example through the development of 

suitable and affordable technologies such as small scale irrigation and the use of drought resistant and 

short cy cle seed varieties. 

 

Shifting exposure and vulnerability from north to south will require 
specific spatially explicit economic and land use planning and responses.  
A significant extension and intensification of vulnerability hotspots is indicated for southern Malawi 

and in particular the area surrounding the  southern Shire River. This demands a close analy sis of 

threats to economic activities, livelihoods and ecosy stem serv ices in this particular area. This would 

include existing and planned irrigated agriculture, rainfed agriculture (both commercial – particularly 

the tea estates - and subsistence), national parks and reserves, the urban area of greater Blanty re, and 

rural livelihood systems. Areas of high productive potential and apparently higher climate resilience  in 

the north, if coupled with potential access to local and regional markets and improved transport 

sy stems, should be investigated for development as stable future food baskets for the country . 

 

Suitable and sustainable land use practices, protection of ecosystem 
services and economic diversification will be central to adaptation 
responses.  
Growing populations that remain highly vulnerable or become even more so under climate change are 

more likely  to turn increasingly  to natural resources for food and income, and/or to compromise 

sustainable land use practices. Impro ved natural resource and land use management will become 

critically important in the most vulnerable areas. The Lower Shire River sy stem provides water for 

productive purposes and settlements, but also has an important regulatory role for local hy drologica l 

processes and water quality , and harbours high levels of biodiversity . It is already  under severe 

pressure and urgent steps are required to improve its resilience , including the development of 

alternative economic opportunities.  
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Adaptive capacity is strengthened by potential access to water resources; 
differential vulnerabilities within the Shire River/Lake Malawi sub-basin 
should inform integrated water resource management and adaptation 
planning at local, national and transboundary level.  
The differential changes in rainfall expected from the north to the south of the Shire/Lake Malawi 

sub-basin provide opportunities for spatial adaptation planning. Since relatively  stable rainfall 

patterns in the major catchments of the northern sub-basin could maintain the current level of Lake 

Malawi and its outflow into the Shire River (this assumption demands further hydrological analy sis), 

the south will need to look increasingly  at harnessing this water resource to cope with its harsher 

future. More irrigated agriculture appears to be required, but this could impact on the important 

wetlands and other sensitive ecosy stems of the south and affect the numerous existing and planned 

hy dropower facilities on the lower Shire River. Malawi will also be requir ed to consult with its 

downstream neighbour Mozambique on any  planned increased water abstraction which could affect 

flows into the Zambezi River. The Zambezi Watercourse Commission (ZAMCOM) is now well 

positioned to lead and guide overall basin-wide cooperation and planning. 

 

Social development in order to raise adaptive capacity will be important.  
Two areas of social development stand out as candidates for significantly increasing adaptive capacity  

of local populations in response to climate stress: health and gender equality. Malawi’s climate puts it 

at high risk of tropical diseases many  of which are influenced by  climatic factors e.g. malaria, 

diarrhoea, cholera and respiratory diseases. As a result, morbidity  and mortality  rates are high and 

this lower people’s ability  to cope with shocks such as climate disasters. Gender equality  is low by  

regional standards, relating to women’s difficulties in accessing health care, lower educational 

attainment, and low levels of participation in household and co mmunity decision making. Investment 

in both these areas would strengthen families and communities in their ability  to deal with future 

conditions. 

Increasing vulnerabilities of populations in the south could drive 
increasing migration to more resilient regions within and without 
Malawi’s borders.  
Current flows of environmental refugees and migrants within the region are likely  to intensify , 

particularly during and following climate-related disasters. This will demand pro-active responses 

from both sending and receiving countries. Human security and conflict management could become 

increasingly  important regional priorities. Malawi 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 regional security . 

 



 
 

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 awareness around Basin-wide climate-

related vulnerability ‘hotspots’ now and into the future. Detailed high resolution vulnerability analysis 

and ‘hotspot’ mapping is necessary to understand the key sp atial 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  the complex nature of 

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

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

risk and vulnerability  in one of the key  Riparian States – Malawi. 

 

The intention of this research was not to suggest exact locations of interventions, or propose specific 

adaptation options (although suggestions are made), 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 indiv idual 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. 

 

Malawi is a landlocked country  located in south-east Africa. The capital is Lilongwe although the 

largest city is Blanty re. It shares its borders with Zambia, Tanzania and Mozambique. The Great Rift 

Valley  ex tends through Malawi from north to south. To the east of the valley  lies Lake Malawi , the 

most southern of the deep East African Rift Valley  lakes. It is the ninth -largest lake in the world and 

the fourth-deepest, with a surface area of 29 000 km2. More than two hundred rivers, most of them 

ephemeral, flow into the lake (World Bank, 2010 c). Lake Malawi is of significant conservation 

importance due to the evolutionary  radiation of fish groups and other aquatic s pecies (Timberlake, 

2000. 

 

Malawi is amongst the world’s least developed countries with a relatively small economy (World Bank, 

2010c). The 2006 GDP was US$2.2 billion and comprised of 44.7 % from the serv ice sector, 19.8% 

from industry  and 35.5 % from agriculture. Agriculture is the mainstay  of the economy , it is this 

dependence and changing climate parameters in the region that makes agriculture as a sector highly  

vulnerable to weather variability. Exports are predominantly  cash crops such as tea, coffee, cotton , 

tobacco and sugar.  

 

Malawi has a population of 13.2 million (2006) with a rapid growth rate of 2.2% per annum. It has a 

labour force growth of 2.0% a y ear. Most of the Malawian pop ulation is very y oung with 46.2% under 

the age of fifteen (World Bank, 2010 c). The population of Malawi is largely  rural. 
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2 Malawi and the Zambezi River Basin 

The Shire River is the last great tributary  to flow into the Zambezi River. It flows out of Lake 

Malawi/Ny assa/Ny asa (termed ‘Lake Malawi’ throughout this report), the third-largest freshwater 

lake in Africa, and drains into the Zambezi River to the south. 

 

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 (2010 a) (Fig. 1). The Shire River / Lake Malawi sub-basin is 

indicated as No.3 on the map: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

 



 
 

2.1 Biophysical circumstances of the Shire River / Lake Malawi sub-basin 

The Shire River/ Lake Malawi sub-basin has a surface area of 158 043 km2 (Euroconsult Mott 

MacDonald, 2007). This area forms 8% of the total area of the ZRB. The ZRB covers almost the entire 

territory  of Malawi (91.5 %) (Euroconsult Mott MacDonald, 2007 ). 

 

The northern areas of the ZRB tend to receiv e the highest rainfall (World Bank, 2010a). In the areas 

surrounding Lake Malawi rainfall can amount to as much as 1400 mm per annum. The average 

temperature for July  (winter) is 16°C and November (summer) is 23°C (Euroconsult Mott MacDonald, 

2007 ). 

 

The Shire River and Lake Malawi sub-basin has the second highest run-off of the Zambezi sub-basins 

(Euroconsult Mott MacDonald, 2007 ). The estimated annual run-off volumes are as high as 18 150 

km3, and its discharge into the Zambezi River contributes 12% to the Zambezi’s annual discharge into 

the Indian Ocean (World Bank, 2010a). The Shire River/Lake Malawi sub-basin receives its highest 

rainfall in two non-consecutive months (January  and March) which is unlike the other sub -basins. 

This often results in two flood-peaks, one in March, and a lesser peak in June.  

 

The knowledge base on groundwater resources in the region is very  limited. To the west of Lake 

Malawi borehole y ields are expected to be in the range one to three litre/s ( Euroconsult Mott 

MacDonald, 2007). Groundwater in the Lower Shire area has a high salinity . Also in the Lower Shire, 

several samples were found to have fluoride concentrations up to 15 mg/l (capable of causing crippling 

fluorosis if ingested on a continuous basis). This is likely  related to active geothermal sources in this 

part of the Rift Valley . 

 

Ninety -five per cent of the ZRB is in the Zambezian biome. The biome is a subtropical area of moist or 

dry  woodland and grassland that experiences a distinct and lengthy dry season. The more moist areas 

are sometimes classified as miombo broadleaved woodland and the drier areas as mopane or Acacia 

woodland (World Bank, 2010c). 

 

Table 1: Land cover and land use in the Shire River / Lake Malawi sub-basin as for 2000. World 
Bank, 2010c. 

Landcover T y pe Percentage Cover 

of Sub-basin 

Rainfed farming 15.8 % 

Forest 9.4 % 

Bushland 9.3 % 

Grassland 2.6 % 

Barren and built-up land 9.4 % 

Open water 7 9 % 

Marshes and irrigated areas 0.6 % 

 

The ZRB’s main hotspot for biodiversity is zoological diversity  in Lake Malawi (World Bank, 2010c). 

This ecoregion is globally outstanding and vulnerable and so is assigned a high conservation priority  

(World Bank, 2010c). The Lake Malawi ecoregion supports one of the richest sets of lake fish spec ies 
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in the world. Ninety-nine per cent of greater than 800 cichlid fish species and more than 70% of the 17  

clariids are endemic to this ecoregion. It is thought that there may be more than 3 000 fish species in 

the lake. This endemism is reflected in other fauna, such as the area’s 200 mammals; 650 birds; 30 

molluscs; and 5 500 plant species. 

 

Another area rich in biodiversity  is the Mulanje ecoregion. It contains highland and mountain 

ecosystems and it is nationally important. This ecoregion also has a high conservation priority  (World 

Bank, 2010c).  

 

Lake Malawi and Lake Chilwa are threatened by  the water hy acinth (Eichhornia crassipes), giant 

salv inia (Salvinia molesta), water lettuce (Pistia stratiotes), and red water fern (Azolla filiculoides) 

(Environmental Affairs Department Malawi, 2010). The precise impact of these alien aquatic invasive 

species on the affected aquatic ecosy stems and other species dependent on them is not y et fully  

understood.  Although, the large mats of interlocked plants that they  form are thought to change the 

water chemistry, impede light penetration and decimate indigenous flora, and negatively  affect fish 

and invertebrate biodiversity , and overall aquatic ecosy stem integrity .  

 

The Mulanje Mountain, a major centre of biodiversity is endangered or threatened by  the invasion of 

alien Himalay an y ellow raspberry (Rubus ellipticus) and the Mexican pine (Pinus patula). The Central 

American mesquite (Prosopis juliflora) present on the plains of Lake Chilwa and in the Lower Shire 

Valley is also a threat, particularly to the biodiversity of the wetlands (Government of Malawi, 2006). 

 

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

reports:  

 Chenje, M. (2000). State of the Environment Zambezi Basin 2000. SADC/IUCN/ZRA/ 

SARDC, Maseru/Lusaka/Harare. 

 Euroconsult Mott MacDonald (2007 ). Rapid Assessment – Final Report. Integrated Water 

Resources Management Strategy for the Zambezi River Basin. For SADC-WD / Zambezi River 

Authority , SIDA, Norwegian Embassy  Lusaka.  

 World Bank (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 Shire River / Lake 

Malawi sub-basin 

Approximately 85% of Malawi’s ZRB population is rural. Malawi contributes 34.3% to the total ZRB 

population, more than any of the other eight riparian countries (World Bank, 2010a). The Lower ZRB, 

which encompasses all of Malawi, has experienced rapid population growth. The population density is 

very  high at an average of 105 people per km 2. 

 

The Shire River/Lake Malawi sub-basin is characterised by high rural poverty. Malawi has the second 

lowest GDP per capita (US$ 241) of the eight riparian Zambezi countries (World Bank, 2010a). The 

poverty line was at Malawian Kwacha (MK) 16 165 per capita per y ear which satisfies basic foods and 

non-food requirements. The cost of basic food requirements alone was estimated to be MK 10 029. It 

was found that 52% of Malawians fell below this second level of income. Food requirements made up 
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more than half of household expenditure in all regions of Malawi. For the poorest quintile of the 

households, food requirements made up 61.1 % of expenditure (World Bank, 2010 c). As staple crop 

requirements can only  be covered for around four months of the y ear, food insecurity  in Malawi is 

pervasive. Recurrent droughts, increasing fertilizer prices, and degradation of agricultural land are 

among the root causes. 

 

The majority  (85%) of Malawi’s population liv ing within the basin component is classified as rural. 

Livelihood strategies therefore consist largely  of crop production, livestock rearing and natural 

resource harvesting. Women participate more than men in almost all crop production and livestock 

rearing activities (World Bank, 2010c). However, the women are not only  involved with agricultural 

production they also fetch fuel wood and water; prepare and cook meals; care for the children, elderly  

and sick; and carry  out the daily  household chores. In addition, they  often p artake in small-scale 

income generating activ ities such as brewing beer or trading (World Bank, 2010 c).  

 

Life expectancy at birth is low (47  years) for Malawians. This is largely due to health challenges, such 

as the prevalence of malaria, respiratory infections, eye infections, skin infections, and diarrhoea all of 

which demonstrate the harmful effects of liv ing in close proximity  to still water. Other issues include 

poor access to clean drinking water and sanitation facilities (34% of rural water supply sy stems are not 

functional); and proximity to urban, industrial pollution, all of which characterise large parts of the 

Basin (Euroconsult Mott MacDonald, 2007 ; World Bank, 2010 c).  

 

Malnutrition is common in Malawi and it affects all regions and income gr oups (World Bank, 2010c). 

This can partly  be explained by  the high reliance on maize which com prises 93% of cereal 

consumption. Children under the age of five often suffer from stu nting (43.2%) and wasting (4.6%) 

and tend to be underweight (22.2%). The WHO gives a rate of 53% for stunting in the general 

population (WHO 2006 figures). 

 

In 2003, it was estimated that 14.4% of Malawians had HIV/AIDs. This is lower than the average rate 

for southern Africa and the rate of spread is steady . Urban population HIV /AIDs rates (23%) were 

worse than for the rural populations (12.4%).  Other factors relating to the high burden of disease are 

relatively  high incidences of diarrhoea, respiratory  infections and malaria (WHO database, 2009).  

Schisomiasis is also a significant contributor to morbidity and which results in high levels of lethargy  

and loss of productiv ity . 

 

Education levels in the Lower ZRB are ty pically low. 28% of the population has had no education, 56% 

has attended primary  school and only  18% has attended secondary  school or higher (World Bank, 

2010c). Education levels were found to be gender specific with 76% of men literate as opposed to only  

52% of women.  

 

These figures are from selected sources 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 (Fig. 2) of the Livelihood Zones of Malawi (FEWS NET for USAID), accompanied 

by  an analy tical report (MVAC and SADC FANR VAC, 2005) provides an exceptio nally  useful tool for 

analy sis of the potential impacts of climate stress and climate change on the livelihoods and food 
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security of Malawi’s population.  We do not refer to it extensively  in this report but suggest that it be 

used towards further interpretation of the R&V maps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Livelihood Zones of Malawi. Source: MVAC and SADC FANR VAC, 2005.  

 
Livelihood Zone  Population  % Of total  Livelihood Zone  Population  % Of total  

Chitipa Millet and 
Maize          116,402           0.98%  Southern Lakeshore           505,979           4.24%  

Misuku Hills            36,289           0.30%  
Rift Valley 
Escarpment        1,167,578           9.78%  

Northern Karonga          111,720           0.94%  Phirilongw e Hills           211,697           1.77%  

Central Karonga            44,516           0.37%  Shire Highlands        1,095,667           9.18%  

Northern Lakeshore          111,070           0.93%  Middle Shire Valley           416,254           3.49%  

Western Rumphi & 

Mzimba          139,250           1.17%  

Lake Chilw a – 

Phalombe Plain        1,161,418           9.73%  

Mzimba Self-

Suff icient          430,506           3.61%  
Thyolo-Mulanje Tea 

Estates            669,816           5.61%  

Nkhata Bay Cassava          291,135           2.44%  Low er Shire Valley            648,358           5.43%  

Kasungu-Lilongw e 
Plain        3,236,493         27.11%  Not Zoned         1,543,786          12.93%  

TOTAL  11,937,934  

 

 

2.3 Economic activities in the Shire River / Lake Malawi sub-basin 

The Southern African Power Pool (SAPP) Malawian national utility  is ESCOM (Electricity  Supply  

Corporation of Malawi). In 2007 ESCOM had an installed capacity of 282 MW from hy dropower (6% 

of the total power generating capacity  of the ZRB) and 17  MW from alternative sources. Malawi 
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currently  has four hy dropower projects namely : Wovwe, Nkula Falls A&B, Tedzani and Kapichira 

(stage 1). They  are all in the form of pondage and other than Wovwe are all located on the Shire Ri ver. 

Future planned hy dropower development includes: Tedzani 1&2, Kapichira 2, Songwe 1 ,2&3, Lower 

Fufu and Kholombidzo; together they  have the capacity  to produce an additional 7 84 MW (World 

Bank, 2010a). Power deficits have resulted in economic repercussions for Malawi. The present value 

of hy dropower in Malawi is US$ 25 million (World Bank, 2010b).  

 

Approximately  80% of Malawi’s 19 .8 million people are actively  involved in agriculture. The 

agricultural sector contributes 35.5% (US$2 billion) to GDP and 90% of Malawi’s cultivated land is 

found in the ZRB (Euroconsult Mott MacDonald, 2007 ). Agriculture production in Malawi is 

predominantly a combination of small scale subsistence farming with cash crop production. Due to 

overpopulation farm sizes are small, particularly  in the south where they  can be as small as 0.2 ha 

(World Bank, 2010c).  

 

Maize is the most common staple food throughout Malawi, more than 93% of agricultural households 

produce it (World Bank, 2010 c). However, in high rainfall areas, cassav a can be the staple crop. 

Sorghum is dominant in the dry  south along the Shire Valley . With regards to cash crops, tobacco 

(particularly burley tobacco), is the most economically important for small scale farmers, followed by  

cotton and groundnuts. 

 

Livestock provides a safety net to rural households in times of drought and lean periods. Yet, livestock 

numbers have declined over the past decades due to droughts, diseases and other shocks. Presently , 

the most common livestock owned is chickens (owned by  88.7 % of all agricultural households), 

followed by  goats (34.9%) and pigs (10.5%) (World Bank, 2010 c). Only  eight per cent of agricultural 

households own cattle. In 1995, there were found to be 1  252 566 head of cattle in the ZRB area of 

Malawi. This number accounted for 18% of the cattle in the ZRB (Euroconsult Mott MacDonald, 

2007 ).  

 

Malawi has two growing seasons, the wet season (summer) and the dry  season (winter). Irrigation is 

rarely required in summer due to the heavy rainfall, but in winter irrigation supplies the majority  of 

water required by the crops. Malawi accounts for 46% of water abstracted from the ZRB for irrigation. 

An area of 37  820 ha is currently irrigated with an intended additional 74 000 ha under irrigation by  

2012 and a total of 163 400  ha under irrigation planned for 2025 (Euroconsult Mott MacDonald, 

2007 ; World Bank, 2010a). 

 

The 2008 tourism contribution to GDP was US$ 159 million (5.9%) this is predicted to rise as high as 

US$ 27 0 million by  2018. Tourism currently  employ s around 60 000 people in Malawi, this is 

believed will increase to 80 000 by  2018. The primary  tourist attraction is Lake Malawi. Liwonde 

National Park, south of Lake Malawi on the Shire River, offers bird watching, boating safaris, and 

game drives. In the extreme south, Lengwe National Park is popular for hiking and bird watching. The 

Shire River is also a popular sport fishing area.  

 

Lake Malawi and the Shire River have untapped tourist potential. The Malawi Ministry  of Tourism, 

Wildlife and Culture reports that future tourism projects are planned, including conference resorts, 

lodge additions and upgrades on the lakeshore and in Blanty re . The areas upstream of Lake Malawi 

are not significant for tourism. 
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The Lower Shire wetland area extends from Kapichira Falls near Blanty re, Malawi, to the confluence 

of the Shire River with the Zambezi River near Caia, Mozambique. It covers 162 000 ha and includes 

Elephant Marsh and Ndinde Marsh, with additional minor wetland areas (World Bank, 2010 c). The 

Lower Shire Wetlands are not well protected and appear to be shrinking because of dropping  water 

levels in Lake Malawi; only  Ndinde Marsh is a reasonably  intact ecosy stem.  

 

Wetlands in Malawi are important for sustaining rural livelihoods. The Lower Shire Wetlands are 

second only to Lake Malawi in the number of exploitable fish species (World Bank, 2010 c). Three fish 

species make up 90% of the catch: two catfish species, Clarias gariepinus and C. ngamensis, and the 

cichlid Sarotherodon mossambicus (World Bank, 2010c). As the numbers of large mammals have 

declined drastically over the last century, most hunting is of small animals, such as hares, rats, doves, 

guinea fowl, and wild pigs. Reeds, papyrus, and floodplain grasses are commonly harvested for crafts 

and construction materials. Some plants are harvested for food such as lily  bulbs for carbohy drates, 

spinaches for relish, wild millet and fruits. Certain roots, leaves and bark are harvested for medicinal 

purposes. Arguably , the most important natural resource collected  is firewood, y et because of 

population pressure deforestation constitutes one of the main environmental threats in Malawi 

(World Bank, 2010c).  

 

The fishery  sector in Malawi employ s 300 000 people. It is a common livelihood for communities 

bordering Lake Malawi, the Shire River, and in the floodplains and swamps of the wetlands in the 

south of the country (World Bank, 2010c).  Lake Malawi averages fish catches of 50 000 t/y r with a 

potential catch estimate of 100 -140 000 t/y r (World Bank, 2010 c). Lake Malombe, essentially  a 

southern extension of Lake Malawi, averages catches of 10 000 t/yr. The Lower Shire floodplains are 

inhabited by  an estimated 4,000 fishermen and averages catches of around 8 500 t/y r (World Bank, 

2010c). Other than overfishing risks to the fishery  sector include: pollution, siltation, and invasive 

aquatic weeds.  

 

Improved road infrastructure has resulted in a decline in the use of Lake Malawi for transport by  

Tanzania, Malawi and Mozambique. In some sections navigation has also been res tricted by low water 

levels (Euroconsult Mott MacDonald, 2007 ).  

 

In April 2007, the governments of Malawi, Mozambique, and Zambia signed a MoU for collaboration 

on the implementation of the Shire-Zambezi Development Project (World Bank, 2010 c). The project 

will entail reopening of the Shire and Zambezi rivers to navigation to provide a direct waterway  

transport sy stem between Nsanje in Malawi and the port of Chinde on the Indian Ocean covering a 

distance of approximately 238 km (World Bank, 2010 c). This project is going to require considerable 

infrastructural development in Malawi such as the construction of a port at Nsanje, dredging the 

Shire-Zambezi waterway to form a canal, rehabilitating and upgrading the railway and road networks 

and the procurement of barges for Lake Malawi (World Bank, 2010 c). Such navigation development is 

hoped to reduce the costs of goods and services and to provide access to the global economy . Barriers 

faced by  the development include: sand banks, water levels dependent on flows  from Lake Malawi and 

the abundance of water weeds. There is also limited depth profiling and bathy metric data available.  

 

The Ministry  of Water Development in Malawi has records since 1984 on  water quality  indicators 

including the levels of nitrate and suspended solids in most of their rivers (Euroconsult Mott 



  R&V Mapping for the Zambezi River Basin: Malawi       

 OneWorld Sustainable Investments 2012 Page 17 

 

MacDonald, 2007). The Zambezi River Authority  (ZRA) also monitors the ZRB water quality .  Water 

and effluent is tested according to the Malawi Bureau of Standards and WHO Drinking  Water Quality  

Guidelines of 1993. The main industries contributing to Malawi’s ZRB water pollution levels include: 

Ky ela Coal Mining (suspended solids, acidity ), Mbey a Cement Factory  (dust), Dwangwa Sugar 

Manufacturing (BOD, nutrients), and Nchalo Sugar Manufacturing (BOD, nu trients).  

2.4 Climate change in Malawi 

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. 

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 and 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 
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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 c onditions in the Zambezi River Basin 

is how it could affect the location of the Intertropical Convergence Zone (ITCZ), which drives much of 

the variability  of southern African seasonal rainfall and temperature.  The position of the ITCZ is 

controlled, in part, by the El Niño Southern Oscillation (ENSO), which is the sea surface temperature 

atmospheric pressure relationship in the Pacific Ocean. It varies between El Niño and La Niñ a 

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 understoo d 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 summ er 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 heal th.  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. 

2.4.1 Impacts of climate change 

Apparent shifts in climate in Malawi over the past 40 y ears has led to  both drought and flooding, 

causing shorter growing seasons, poor crop yields, food shortages, hunger and the spread of disease in 

a country where 29% of people already live in extreme poverty (Awasthi, 2009). Malawi’s experiences 

with disaster are often traced back to the 1991/92 southern Africa drought that caused suffering to 

over 6.1  million people. Disasters have continued to escalate, with the 2002 drought and floods 

causing a landmark food crisis (ActionAid, 2006). Flooding has affected a sizeable number of people 

in Malawi, 180 000 in 2007, 80 000 in 2003, 500  000 in 2001 and 250 000 in 2000 (World Bank, 

2010c). Drought, the other extreme condition, is likely to especially affect the more densely populated 

areas of Malawi, which are located in the medium to low rainfall areas (Kirchhoff and Bulkley , 2008).  

 

The impacts of climate change on the Shire River and Lake Malawi sub -basin by  2030 is predic ted to 

reduce basin y ield by  14% and to contribute to an irrigation deficit of 15 % (World Bank, 2010c). 

Consequently, it is estimated that 519 000 people are at risk o f food insecurity  (FAO 2008 in World 

Bank, 2010c).  

 

The impact of climate change on crop production is ev ident in the fact that variation in the start of the 

wet season has left farmers in the basin unsure about planting and ploughing regimes. According to 

Mkondiwa, in 2004 (cited in Chagutah, 2006), Malawian farmers who had planted during the first 

rains on the advice of agricultural extension scientists, had to watch helplessly  as their crops wilted 

These mis-predictions lead to a loss of confidence in the capabilities of climatologists, meteorologists 

and government management sy stems. Climatologists elsewhere have admitted the difficulty  in 
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forecasting drought likelihood.  More than 90% of the population of Malawi is engaged in subsistence-

level rain-fed agriculture, and 60% of these are food insecure on a y ear round basis (Awasthi, 2009).    

 

Farmers noted that summer rainfall periods used to encompass August to December, but now run 

from October to January, and they confirmed that temperatures have been increasing over the y ears. 

It has also been observed that mean temperatures in the lower Shire have increased by  2.3%, while 

mean maximum temperatures increased by  2% between 197 0 and 2002 (ActionAid, 2006). 

Unfortunately, the Malawian government has encouraged the growth of hy brid maize to provide the 

staple food ‘nsima’. This has come at the cost of drought resistant local varieties being no longer 

unavailable (ActionAid, 2006). Hy brid maize produces more calories per unit area of land than all the 

other food crops. However, it is very costly to produce, it is sensitive to water stress and the required 

fertiliser is expensive. Hence, farming has in fact become less v iable because hy brid maize is more 

capital intensive. In the long-term, it is believed by  some critics that only  commercial farms will be 

able to surv ive as a result of climate change and government policy  on seed (ActionAid, 2006).  

 

Fish production has decreased over the y ears as a result of exploitation, but likely contributing factors 

have been water level variations in natural water bodies, lake water temperatures, surface wind and 

rainfall (SARDC and HBS, 2010). Fish provides 60 –7 0% of the animal protein consumed and 

contributes 36–40% protein to people’s diet. The fisheries sector also provides direct employ ment for 

some 300 000 people. 

 

There has also been a noticeable increase in diseases such as malaria, cholera and dy sentery  

associated with changes in rainfall patterns, and this has created health challenges that are 

particularly affecting women (ActionAid, 2006). The women have to spend more time tending to the 

sick and less time working their fields (Awasthi, 2009). One female farmer described the workload 

that comes with caring for the sick and maintaining household hy gie ne, “we now travel longer 

distances to fetch water and spend most of the time in health centres instead of working in our fields”. 

Some studies are underway  to determine whether the recent cholera epidemics in the basin states 

including Zimbabwe, Zambia, Malawi and Botswana could be linked to effects of climate change, as 

the severity and spread broke historic records. The cholera claimed more than 4 000 lives (SARDC 

and HBS, 2010).  

 

Climate change is also likely  to result in shifts in species ranges, as w ell as in changes in tree 

productiv ity , adding further stress to forest ecosy stems. The consequences are low vegetation 

productivity, habitat degradation and increased mortality  among large mammals (SARDC and HBS, 

2010).  

 

As women have multiple roles in Malawi as farmers, child carers, providers of food, water and 

firewood, they are the most affected by the changing climate (Awasthi, 2009). Women’s weak position 

in Malawian society  also means that, generally , they  have less access to income and credit and no 

voice in decision-making, making it difficult for them to find other sources of income or influence 

action on climate change. In the absence of food, some vulnerable women may  be forced to resort to 

selling sex  for food, which could lead to an increased  vulnerability  to HIV/AIDS. The spread of 

HIV/AIDS in turn weakens people’s ability  to respond to the changing climate (Awasthi, 2009).  
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2.4.2 Legal, institutional and policy framework for adaptation to climate disasters and 

climate change 

The legal framework in Malawi has been manifested through the Disaster Preparedness and Relief 

Management Act, No 27  of 1991  (which is under rev iew). Pending the development of a national 

Disaster Risk Management Policy, a National Disaster Risk Reduction Framework (DRRF) for 20 10-

2015 and an Operational Guideline (OG) for DRM were designed in 2009 , which provide common 

strategic direction to government and non-government stakeholders. 

 

The National Disaster Preparedness and Relief Committee (NDPRC), attached to the Office of the  

President and Cabinet, is the highest-level decision-making body  for directing and coordinating 

Disaster Risk Management. Chaired by  the Chief Secretary  in the Office of the President, and 

comprising principal Secretaries of line ministries and 3 -5 NGOs, NDPRC is responsible for providing 

recommendations on disaster declarations; formulating and updating the national disaster risk 

management policy  and mobilizing resources for its implementation; submitting reports to the 

President on disaster risk reduction (DRR) and post-disaster activ ities; and managing recovery  

initiatives. During times of disasters other organizations are co -opted into the Committee (e.g. UN). 

 

The Department of Disaster Management Affairs (DoDMA), within the Office of the President an d 

Cabinet, is the central DRM coordinating institution. As the secretariat of the NDPRC, DoDMA 

coordinates and supports the planning and execution of DRM activ ities throughout the country . 

Although DoDMA was initially  formed to focus on disaster response a nd preparedness, its mandate 

now covers the entire DRM cy cle, including DRR. 

 

Operations are directed by  the Secretary  and Commissioner: Commission for Poverty  and Disaster 

Management Affairs, with support from Technical Committees. DRM structures are also decentralized 

and include district, area and v illage Civ il Protection Committees (CPC).  CPCs are chaired by  the 

Director of Planning and Development of the District Assembly  at the district level, and by  elected 

chairpersons at area and v illage levels. Me mbers include representatives of all existing sectoral 

administrative departments and DRM stakeholders. A National Platform for DRR is planned which 

will support agreement between stakeholders on the common purpose of integrating DRR into 

development policy and planning, and facilitate coordination and interdepartmental programmatic 

design and management. 

 

Organizations responsible for flood management in Malawi are Department of Water Resources which 

is responsible for flood forecasting and early  warning; Department of Climate Change and 

Meteorological Services (DoCCMS) which monitors the weather conditions and issues forecasts and 

warnings of severe weather including Tropical Cy clones; and DoDMA  which coordinates flood 

management and disaster preparedness. A variety of communication channels are used to disseminate 

information. These include radio and telev ision; the Internet; newspapers; telephones (mobile and 

wired); bulletins and newsletters; press conferences.  

 

Challenges associated with the early  warning sy stem include lack of modern equipment for early  

warning and communication purposes; serious weakness in dissemination of information to the 

vulnerable communities; and lack of practical capacity at the community  level about the use of early  

warning information. Specific flood warning only  covers Lower Shire Valley . A food security  and 

livelihoods vulnerability  monitoring and early  warning sy stem (FEWS NET, MVAC) is in place but 
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needs support. There is a need for the establishment of a multi-hazard early warning and coordination 

and monitoring unit at central level.  

 

The National Adaptation Programme of Action (NAPA) for Malawi, drafted by  the Environmental 

Affairs Department (Government of Malawi, 2006), is the key  guide to urgent adaptation priorities. 

Five priority activities were identified; however, none of these activ ities have been implemented to 

date. Climate change adaptation interventions are implemented by  various stakeholders.  

 

The five priority  activ ities of the NAPA are:  

1. Improving community resilience to climate change through the development of sustainable 

rural livelihoods. 

2. Restoring forests in the Upper, Middle and Lower Shire Valleys catchments to reduce siltation 

and the associated water flow problems.  

3. Improving agricultural production under erratic rains and changing climatic conditions.  

4. Improving Malawi’s preparedness to cope with droughts and floods.  

5. Improving climate monitoring to enhance Malawi’s early  warning capa bility  and decision 

making and sustainable utilization of Lake Malawi and lakeshore areas resources.  
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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 m apping 

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 (Midgley  et al., 2011).  Our general 

approach in tackling climate vulnerability  mapping for this important sy stem has been to acquire 

higher resolution datasets wherever possible and to include more relevant datasets many  of which 

have been reworked or are new for this analysis. For context, we believe that population change will be 

a critical 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 prov ides good data on malaria incidence  

and high resolution human population estimates. 

3.1 A general climate vulnerability map for Malawi 

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 cl imate 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 6). 

 

 

Figure 6: Vulnerability and its components 

An overview of the methods used for the RCCP is presented in the publication: Midgley , Davies and 

Chesterman (2011).  The approach was to develop a composite index of vulnerability .  This is done by  

combining the influence of different data 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 expected distribution of the problem.  This is 

favoured by  politicians and decision makers because it is expedient.  In the course of the RCCP the 

summary  maps have proved very useful because they either help promote consensus or they  provide 

the start point for discussion and validation to begin.   

 

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, 
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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, less 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 t o agree upon the boundaries 

of these political areas.  This was carried out by  publishing the Digital Chart of the World (DCW) 

administration districts data at the workshop in Harare and asking delegates to validate data for their 

countries.  Following this we were able to update errors in the DCW datasets.  

 

The recommended approach of assessing climate vulnerability as exposure, sensitivity and capacity, is 

widely  used, permitting cross validation between similar assessments.  But it has received criticism on 

the basis of the loose definition of parameters (e.g. Hinkel, 2011) and certain misuse of vulnerability  

indicators has been identified.  Of various uses identified for composite vulnerability  indicators, only  

the mapping of where people are expected to  be most vulnerable emerged as justifiable.  It is 

recommended that such use be limited to local studies where specific 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 educ ation 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 values 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 

6. by  province / administration district, education level 

7 . high resolution population data (afriPOP) and malaria risk mapping outputs (MAP) 
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8. we investigated FEWSNET liveilihoods 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 models 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 derive d 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 temperatur e 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 

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 
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temperature decrease. We clipped the dataset to the Zambezi Basin outline (hy dro1k data) and 

reclassified the values on an integer scale from 9 (max temp gain) to 1  (min temp gain or loss).  

3.2 Targeted climate vulnerability maps for specific harms in Malawi 

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 (peop le 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 across 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  

 

 



 
 

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):  

 In northern Malawi the districts of northern Chitipa and northern Karonga 

 In central Malawi the districts of southern Mzimba and Nkhotakota 

 In southern Malawi the districts of Mangochi (southern end of Lake Malawi), Phalombe, 

Mulanje, Chiradzulu, Thy olo and Nsanje  

These areas are exposed to dry  spells and droughts, and occasionally  heavy  rainfall and flooding 

(particularly  the southern Shire River region and around the Lakes), and cy clon es in the south. 

Climate-related disasters have in the past been frequent and have impacted a high number of people 

in Malawi. 

 

 

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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Malawi is generally  highly  sensitive owing to its high population density  and pressure on natural 

resources, especially around the capital city Lilongwe (Lilongwe Plain) and other intensively  utilised 

areas. Agricultural land per person is in short supply. Although potential production is high and water 

is not y et scarce, demands on water resources are growing, particularly  when seen on a per person 

basis.  
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4.3 Adaptive capacity current 

Adaptive capacity category  lay ers used for the adaptive capacity  summa ry  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): 

 In central Malawi, the districts of Mchinji, Dowa, Ntchisi and Salima 

 In southern Malawi, the Mangochi district (southern end of Lake Malawi) 

 

The high population of Malawi and a national economy  highly  reliant on agriculture result in a 

relatively  low GDP per person and relatively  high levels of poverty . In these districts, malaria, 

unemploy ment (especially  in Mangochi) and gender inequality  all add to low levels of adaptive 

capacity . Women have difficulty  accessing healthcare, are more likely  to be less educated and 

unemployed than men, and have low participation in household decision making. In addition, these 

areas have a lower biodiversity  and suffer from deforestation, thus reducing adaptation options 

offered by  ecosy stem serv ices. 
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The map also depicts areas of apparent higher adaptive capacity (blue areas). These include northern 

Malawi and areas around Lilongwe, Blantyre and Mulanje. Here, incomes are somewhat higher, and 

malnutrition and other health pressures less chronic than in  the central and southern rural areas.  

4.4 Impact current 

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

exposure summary ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

Numerous pockets across the country  but concentrated in the following districts:  

North: northern Chitipa and northern Karonga 

North-central: southern Mzimba 

Central: Mchinji 
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South: Mangochi (southern end of Lake Malawi), Phalombe, Mulanje, Chiradzulu, Thy olo and Nsanje 

 

High impact is mainly  linked to high exposure, although sensitivity plays a greater role in Mchinji and 

Mangochi.  

 

4.5 Vulnerability hotspots current 

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

summary  + exposure summary  + adaptive capacity  summary ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The following areas of high vulnerability  (hotspots) can be distinguished (red areas on the map):  

 



  R&V Mapping for the Zambezi River Basin: Malawi       

 OneWorld Sustainable Investments 2012 Page 35 

 

Central: Mchinji, Ntchisi, Salima and surrounds - high impact (exposure and sensitiv ity ) combined 

with low adaptive capacity  

South: Mangochi,  Phalombe, Mulanje, Chiradzulu, Thyolo - high impact (exposure and sensitiv ity ), 

but moderate adaptive capacity , thus a moderate hotspot 

 

Northern Malawi (blue areas) appears to be more resilient owing to its apparent higher adaptive 

capacity . 

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:  

1. Northern and Central Malawi: Projected reduction in exposure due to likely increased annual 

rainfall and lower rate of warming. 

2. Malawi (Southern province): Continued high exposure extending to the Blanty re area of 

southern Malawi due to projected decreased rainfall and likely  loss of cropland. Continued 

high exposure in area of confluence of Shire and Zambezi Rivers, with decreased rainfall and 

increased risk of drought. 

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:  

1. Malawi (country wide, particularly  Central and Southern provinces):  Greatly  increased 

sensitiv ity is expected across the country due to high population growth rates in most areas, 

particularly within the central and southern provinces. This is likely  to decrease per capita 

access to resources such as land and water, especially  in the south.   

5.3 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:  

1. Northern and most of Central Malawi: Projected reduction in impact due to a more favourable 

climate future which more than balances against the strong increase in sensitiv ity  relating to 

population growth. 

2. Malawi (southern part of Southern province): The south-eastern extremity  of Malawi shows 

strong intensification of impact, and this now extends into the south -western parts around 

Blanty re. An unfavourable climate future combined with a strong increase in sensitivity drives 

this change. Impact remains high in the area of confluence of Shire and Zambezi Rivers, due 

mainly  to an unfavourable 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:  

 

1. Central province: Mchinji and Mangochi districts remain highly  vulnerable but the area east 

of Mchinji becomes less vulnerable due to a more favourable climate future.  

2. Southern Malawi (south-east) and Mozambique (basin parts of Zambezia province and area 

around confluence of Shire and Zambezi Rivers): this vulnerability  hotspot becomes more 

intense and extends to include the area around Blanty re, due to a combina tion of increasing 

exposure and sensitiv ity  (Malawi) and moderately  low adaptive capacity .  

5.5 Areas of greatest concern 

We now turn to identify ing, on an administrative level (district), 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/districts which are:  

1. Currently  highly  ranked and likely  to remain so (e.g. south-eastern corner of Malawi) 

2. not currently  highly  ranked but likely  to become highly  ranked (e.g. Blanty re area) 

3. currently  highly  ranked but likely  to become less highly  ranked (e.g. far northern Malawi) 

4. not currently  highly  ranked and likely  to  remain so (e.g. parts of northern Malawi) – thus 

centres of resilience 

 

Each of these possibilities will require careful analy sis and corresponding response strategies. For 

example, those falling into category  4 probably  offer areas of resilience and refugia, whereas those 

falling into category 2 are probably at risk of neglect and could suffer from lack of adaptation if this is 

not planned for. Also, the future of specific land uses and other economic activ ities characteristic of 

each area should be analysed within this context when national and sub -national or even basin-level 

climate change response strategies are developed.  

 

The following table shows districts 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 across 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 district impact has increased or decreased relative to the other 

provinces/districts. 
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Table 3. Ranking of districts 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. 

District 

Mean 
current 
impact 
value 

Rank 
current 

Mean 
future 
impact 
value 

 
Rank 
future 

 
Change in 

rank 

Mulanje 405.47 1 517.78 1 0 

Chiradzulu 382.88 4 485.64 5 -1 

Phalombe 381.40 5 496.33 3 +2 

Thyolo 377.28 6 491.02 4 +2 

Nsanje 375.95 8 484.77 6 +2 

Mchinji 314.26 15 289.19 31 -16 

Mangochi 312.10 16 247.91 38 -22 

Chitipa 305.95 18 187.40 49 -31 

Mzimba 286.87 21 225.26 40 -19 

Machinga 285.44 22 289.52 30 -8 

Balaka 281.87 23 300.04 28 -5 

Zomba 279.14 24 359.70 18 +6 

Ntcheu 275.67 25 310.64 25 0 

Blantyre 275.67 26 421.70 9 +17 

Kasungu 262.88 29 220.21 41 -12 

Karonga 258.38 30 141.38 56 -26 

Nkhotakota 256.12 31 191.36 47 -16 

Mwanza 252.77 33 369.31 17 +16 

Chikwawa 247.27 34 388.52 14 +20 

Lilongwe 245.01 35 283.70 33 +2 

Ntchisi 241.56 36 203.06 46 -10 

Salima 239.32 37 187.97 48 -11 

Neno 236.66 38 351.97 20 +18 

Rumphi 233.45 40 163.72 52 -12 

Dedza 231.82 41 276.09 35 +6 

Likoma 222.84 44 153.00 55 -11 

Dowa 219.93 45 213.25 44 +1 

Nkhata Bay 191.44 49 156.85 54 -5 

 

 

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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The most significant “hotspot” for future “impact” emerges in southern Malawi and surrounding 

districts of Mozambique. This area contains the lower Shire River and the confluence of the Shire and 

Zambezi Rivers in Mozambique. The area is already  currently  highly  impacted by  climate -related 

stressors including variable rainfall, droughts, floods and tropical cyclones. This is expected to worsen 

during the course of the next few decades. High numbers of people live in this area and population 

growth rates in Malawi will increase the current sensitiv ity  of the socio -ecological sy stem. 

 

A significant future “resilience spot” for “impact” is ev ident in central an d 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 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 4. Ranking of districts according to climate-related vulnerability, both currently and in 
the future (ca. 2050), with Rank = 1 indicating highest vulnerability. Those change values 
highlighted in grey show high projected increases in climate -related vulnerability (change in 

rank 10) from current to 2050. 

District 

Mean 
current 
hotspot 

value 
Rank 
current 

Mean 
future 

hotspot 
value 

 
Rank 
future 

 
Change in 

rank 

Phalombe 36.52 1 46.90 1 0 

Mchinji 32.39 2 29.69 8 -6 

Mangochi 31.88 3 25.13 16 -13 

Salima 26.25 7 20.49 28 -21 

Ntchisi 25.49 9 21.32 25 -16 

Chiradzulu 24.06 10 30.68 6 +4 

Thyolo 21.28 15 27.81 9 +6 

Mulanje 21.16 16 27.06 10 +6 

Dowa 20.92 17 20.20 32 -15 

Nsanje 20.72 18 26.81 11 +7 

Machinga 20.56 19 20.75 27 -8 

Balaka 18.37 22 19.51 34 -12 

Ntcheu 17.97 24 20.41 30 -6 

Kasungu 17.60 26 14.67 42 -16 

Zomba 17.18 27 22.13 22 +5 

Dedza 16.44 31 19.67 33 -2 

Nkhotakota 16.32 32 12.00 47 -15 

Chikwawa 16.28 33 25.74 14 +19 

Chitipa 14.62 36 8.82 52 -16 

Mwanza 14.35 37 21.09 26 +11 

Neno 14.29 38 21.50 23 +15 

Blantyre 13.82 40 21.35 24 +16 

Lilongwe 13.66 41 15.83 41 0 

Mzimba 13.55 42 10.48 50 -8 

Likoma 13.24 43 8.68 53 -10 

Karonga 11.60 47 6.14 58 -11 

Nkhata Bay 11.55 48 9.26 51 -3 

Rumphi 10.66 49 7.32 57 -8 

 

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 “hotspot” and “resilience spot” in southern and norther n 

Malawi remain, with the former concentrating in the area east/south -east of Blanty re, and the latter 

shifting into northern Malawi where adaptive capacity is higher. The centre of resilience in northern 

Malawi appears to be related to better child nutrit ion (this likely  linked to more diversified 

agriculture), a better health situation, higher forest cover, and better incomes (lower chronic poverty ) 

compared to southern Malawi. 
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6 Specific Harms Analysis 

As discussed in Chapter 4.2, 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 accura te 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. 

 

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  
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9. Projected changes in cropland suitability  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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  asso ciated with floods.  We used the 

same weightings as for the general vulnerability  index which  were based in descending order of 
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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 Malawi, the impacts of and responses to climate variability  and 

climate change must be assessed within the contexts of economic  and social development, and the 

existence and sustainable use of environmental goods and services. The latter are essential ingredients 

for development, whether for agricultural development, sustainable forestry  and fisheries, nature -

based tourism, energy  generation, or for the provision of essential serv ices to the population e.g. 

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

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

equitably .  

 

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

populations and economic activ ities in numerous indirect way s. However, the nature and extent of 

this threat must be rationally  analy sed to identify  real rather  than perceived threats, as well as 

potential opportunities balanced against risks. We do not attempt 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 stim ulate further 

research, analysis, dialogue and response prioritisation within Malawi and the Basin.  

 

This study  has shown that c limate exposure is currently high across most of Malawi, and projected to 

intensify  in the south but to be ameliorated in the north by  mid-century . The districts of northern 

Chitipa and northern Karonga (north), southern Mzimba and Nkhotakota (north-central), Mangochi 

(southern lakeshore) and Phalombe, Mulanje, Chiradzulu, Thy olo and Nsanje (far s outh) show highest 

current exposure, relating to frequent dry spells and droughts ,  occasional heavy  rainfall and flooding 

(particularly the southern Shire River region and around the Lakes), and cyclones in the south. Future 

climate projections indicate declining annual rainfall in the far south, combined with likely  higher 

seasonal rainfall variability and moderate temperature increases. Climate exposure intensifies notably 

in the area around Blanty re. 

 

Climate vulnerability ‘hotspots’ are projected to shift southwards over the next few decades.  Lower 

adaptive capacity  and higher sensitiv ity  to climate stressors in the central area of Mchinji and 

eastwards to the southern Lake Malawi area leads to current high vulnerability  in this region. The far 

south-eastern districts are also very vulnerable although adaptive capacity is somewhat higher. Future 

vulnerability is shown to remain high in Mchinji and Mangochi, but could intensify and become more 

extensive in the far south to include Blantyre and the whole  southern Shire River area, primarily  due 

to population growth combined with climate change . This highly  farmed region is characterized by  

areas with very small land holdings for subsistence farming and poor sandy soils (e.g. Thy 0lo/Mulanje 

Tea Estates zone) and other areas of high dependence on winter crop production in the dimba 

(seasonal wetland) lands bordering the Shire River.  

 

Population growth projected for mid-century will contribute to significant increases in vulnerability in 

areas of increasing c limate exposure. Malawi is the most densely populated country in southern Africa 

and growth rates remain high, combined with high levels of poverty . The country  is highly  reliant on 

rainfed agriculture mostly by subsistence and smallholder farmers. Per cap ita access to productive 

resources (e.g. land, water) will come under increasing pressure with the need to feed the growing 

population. This is particularly  true of the densely  populated southern region of the country . A 
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harsher future climate in the south is expected to increase this challenge, as well as impact on 

commercial cash crop agriculture in this region and associated livelihoods.  Raising agricultural 

production will depend on stimulating adaptive capacity  in this sector, for example through the 

development of suitable and affordable technologies  such as smallscale irrigation and the use of 

drought resistant and short cycle seed varieties. Better cultivation practices, crop diversification and 

mixed crop/livestock farming, improved market access, transport provision and energy  access would 

also contribute to increased productiv ity  and farm income.  

 

Shifting exposure and vulnerability  from north to south will require specific spatially  explicit 

economic and land use planning and responses. A significant extension and intensification of 

vulnerability  hotspots is indicated for southern Malawi and in particular the area surrounding the 

southern Shire River. This demands a close analysis of threats to economic activ ities, livelihoods and 

ecosy stem serv ices in this particular area. This would include existing and planned irrigated 

agriculture (already high), rainfed agriculture (both commercial – particularly  the tea estates - and 

subsistence), national parks and reserves, the urban area of greater Blanty re , and rural livelihood 

sy stems. Areas of high productive potential and apparently  higher climate resilience  in the north, if 

coupled with potential access to national marketing systems and improved transport sy stems, should 

be investigated for development as stable future food baskets for the country . 

 

Suitable and sustainable land use practices , protection of ecosy stem serv ices and economic 

diversification will be central to adaptation responses. Growing populations that remain highly  

vulnerable or become even more so under climate change are more likely  to turn increasingly  to 

natural resources for food and income, and/or to compromise sustainable land use practices. 

Improved natural resource and land use management will become critically  important in the most 

vulnerable areas. The Lower Shire River sy stem provides water for productive purposes and 

settlements, but also has an important regulatory  role for local hy drological processes (including 

frequent flooding) and water quality , and harbours high levels of biodiversity . It is already  under 

severe pressure and urgent steps are required to improve its resilience , including the development of 

alternative economic opportunities.  

 

Adaptive capacity is strengthened by potential access to water resources; differential vulnerabilities 

within the Shire River/Lake Malawi sub-basin must inform integrated water resource management 

and adaptation planning at local, national and transboundary level . The differential changes in rainfall 

expected from the north to the south of the Shire/Lake Malawi sub -basin provide opportunities for 

spatial adaptation planning. Since relatively  stable rainfall patterns in the major catchments of the 

northern sub-basin could maintain the current level of Lake Malawi and its outflow into the Shire 

River (this assumption demands further hy drological analy sis), the south will need to look 

increasingly  at harnessing this water resource to cope with its harsher future. More irrigated 

agriculture appears to be required, but this could impact on the important wetlands and other 

sensitive ecosystems of the south and affect the numerous existing and planned hy dropower facilities 

on the lower Shire River. Malawi will also be required to cons ult with its downstream neighbour 

Mozambique on any  planned increased water abstraction which could affect flows into the Zambezi 

River. The Zambezi Watercourse Commission (ZAMCOM) is now well positioned to lead and guide 

overall basin-wide cooperation and planning. 
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Social development in order to raise adaptive capacity  will be important . Two areas of social 

development stand out as candidates for significantly increasing adaptive capacity of local populations 

in response to climate stress: health and gender equality . Malawi’s climate puts it at high risk of 

tropical diseases many of which are influenced by climatic factors e.g. malaria, diarrhoea, cholera and 

respiratory diseases. As a result, morbidity and mortality rates are high and this lower people’s ability  

to cope with shocks such as climate disasters. Gender equality is low by  regional standards, relating to 

women’s difficulties in accessing health care, lower educational attainment, and low levels of 

participation in household and community  decisio n making. Investment in both these areas would 

strengthen families and communities in their ability  to deal with future conditions.  

 
Increasing vulnerabilities of populations in the south could drive increasing migration to more 

resilient regions within and without Malawi’s borders. Current flows of environmental refugees and 

migrants within the region are likely  to intensify , particularly  during and following climate -related 

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

security and conflict management could become increasingly  important regional priorities. Malawi 

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 regional 

security . 

 

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

management, and sustainable resource use (e.g. water for productive purposes), underpinned by  

strong policies, laws, regulation and institutional arrangements. In addition, the development of 

human capital through education, health care and diversified livelihood opportunities (especially  for 

women) 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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