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Executive Summary
Risk and Vulnerability mapping is one of the evidence-based tools
urgently required for application in national climate change strategy and
policy development and adaptation decision making.
Risk and V ulnerability mapping distills and v isually presents key messages arising from complex
interactions between biophysical and socioeconomic driv ers of climate v ulnerability . Through this
approach areas of differential v ulnerability are spatially disaggregated at v arious sub-national scales.
It appeals to decision makers by being relativ ely insensitiv e to uncertainties inherent in the climate
modeling approach, and by being well aligned with policy priorities, namely those relating to people
(e.g. reducing pov erty ) and the economy .

Climate Risk and Vulnerability maps for the Mozambican ZRB indicate
‘hotspots’ of current and future climate-related vulnerability.
Ex posure to climate v ariability and ex tremes (current and future - 2050), sensitivity to such ex posure
(current and future), leading to impacts (ex posure + sensitiv ity = impacts), and capacity to adapt to
the impacts (impact + adaptiv e capacity = v ulnerability ) are the components of v ulnerability . The
v ulnerability mapping is comprehensive, using 64 data layers of v arying ranked importance, mapped
at 1 km 2 resolution across the Zambezi Riv er Basin and cut to the Mozambique national boundaries .
Geo-spatial indicators for agriculture, water, food security, human health, and ecosystem serv ices are
the most important indicators.

The Mozambican portion of the Zambezi River Basin currently has two
distinct areas of high or moderately high vulnerability to climate
variability and climate-related shocks. These ‘hotspots’ will be
differentially affected by climate change.
Climate v ulnerability is the degree to which a sy stem is susceptible to, and unable to cope with,
adv erse effects of climate stress. In the semi-arid parts of Tete Prov ince, current v ulnerability arises
from v ariable and insufficient rainfall and occasional droughts and floods, linked to marginal
agricultural production potential. This is ex acerbated by pov erty , hunger and low education lev els.
Howev er, this study does not indicate a worsening of the situation ov er the nex t few decades,
considering the small projected changes in rainfall, moderate wa rming and moderate population
growth. The lower Shire Riv er up to its confluence with the Zambezi Riv er, downstream Zambezi
Riv er and floodplain, and the adjacent areas of Zambezia Province to the north -east ex perience high
risks of flooding and cy clones, and occasional droughts. Zambezia also suffers from low socio economic development and chronic pov erty is one of the most v ulnerable regions of Mozambique.
This ‘hotspot’ will continue to be highly ex posed to climate harms ov er the nex t few decades and
v ulnerability is likely to persist.

Spatially explicit economic and land use planning should factor in areas
of differing exposure and vulnerability.
The lower Shire and lower Zambezi sub -basins are areas of high water flow and thus high potential for
productive use of water resources, for example in irrigated agriculture. The area’s ecosy stem serv ices
already support a div erse range of liv elihoods. It is home to an enormous div ersity of habitats and
biological diversity, with significant conservation importance and tourism potential. The riv er sy stem
has an important regulatory role for local hy drological processes and water quality , especially the
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marshes and wetlands. Dev elopment planning, resource use management and land use planning need
to be sensitiv e to the current and future climate v ulnerability of this area. A close analy sis is required
of ex isting and planned irrigation, rainfed agriculture, national parks and reserv es, and rural
liv elihood systems, in order to identify and mitigate potential threats. Economic diversification which
can reliev e pressure on the basin sy stem should be sought. On the other hand, the northern parts of
Tete Prov ince may offer opportunities should they benefit from unchanged or even increasing rainfall
and only moderate warming, as projected by models. The feasibility of economic dev elopment in this
area will depend largely on improved infrastructure, especially transport systems, and improved trade
between Tete, the port of Beira in Mozambique, Malawi, Zambia and Zimb abwe.

Management of the shared water resources of the ZRB under conditions
of climate change will affect the highly vulnerable lower basin and delta
in Mozambique. Basin-level dialogue, planning and responses must
factor in spatially explicit climate scenarios and vulnerability.
Differential climate changes and v ulnerabilities within the ZRB should inform integrated water
resource management and adaptation planning at all spatial scales, with transboundary and basinlev el planning, management and monitoring becoming particularly important. Sub-basins with
catchments in the northern and north-eastern parts of the basin will likely continue to receiv e stable
and possibly increased rainfall, whereas western and southern catchments are projected to ex hibit
stronger drying. Hy drologically, these shifts can be ex pected to change the relativ e contributions of
v arious catchments to overall annual river flow and discharge. Mozambique, at the end of the basin, is
not only directly exposed to climate harms (e.g. cy clo nes, sea lev el rise) but will also ex perience the
integrated impacts of upstream climate conditions and water management, in the form of av erage and
ex treme river flows. Water abstraction and dams hav e already altered the sy stem in the lower Zambezi
and Delta, and further dev elopment of the water resource will continue. In parts of the basin where
dry ing is likely to be ex perienced, water will also be harnessed for climate change adaptive responses,
such as increased irrigation. Basin-level research, dialogue and agreements at political and technical
lev els should increasingly factor in spatially explicit future scenarios to inform multi -national decision
making. The Zambezi Watercourse Commission (ZAMCOM) is now well positioned to lead and guide
these processes.

Social development in order to raise adaptive capacity will be important.
The ZRB area within Mozambique is socio-economically relativ ely under-dev eloped, which renders
populations less able to cope with and adapt to climate stressors. Continued pr ogress in reducing
chronic poverty and raising levels of education will increase adaptive capacity of the local population.
The high burden of disease associated with climatic factors (e.g. malaria) and lack of access to
improv ed water for a large portion of the population (e.g. diarrhea) place additional strain on
households and labour. Mozambique’s public health care sy stem is in great need of strengthening;
inv estment in improv ed access to medical serv ices, especially for women and children, would
contribute significantly to building resilience at community lev el.
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1 Introduction
Climate change is ex pected to impact differentially on v arious parts of the Z ambezi Riv er 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 climaterelated v ulnerability ‘hotspots’ now and into the future. Detailed high resolution v ulnerability analysis
and ‘hotspot’ mapping is necessary to understand the key spatial aspects relating to both the current
sy stem and predicted future states under a range of climate and dev elopment scenarios. The shared
transboundary nature of the Zambezi water resources and the role of eight riparian states further
necessitate the use of the best av ailable tools to disseminate and simplify the complex nature of
dev eloping a climate resilient dev elopment strategy across the basin. This report complements the
research report for the whole Basin, and focu ses on the spatial analy sis of climate -related risk and
v ulnerability in one of the Riparian States – Mozambique.
The intention of this research was not to suggest exact locations of interv entions, or propose specific
adaptation options (although suggestions are made), but rather to prov ide a geographical guide and
starting point for Basin-wide and national debate towards building consensus around options and
priorities. GIS-based climate change v ulnerability maps can prov ide a powerful tool in a toolbox o f
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 lev els – managers who are not necessarily
climate change ex perts but require an ev idence -based working knowledge of the issues and possible
responses to facilitate their work in gov ernment ministries and agencies, or non -gov ernmental
organisations inv o lv ed in climate change adaptation within the local contex t.
Mozambique is located in south eastern Africa; it borders the Indian Ocean, Tanzania, Malawi,
Zambia, Zimbabwe, Swaziland and South Africa. The capital city is Maputo. To the north of the
Zambezi Riv er, the narrow coastline mov es inland to hills and low plateaus, and further west to
rugged highlands. To the south of the riv er the lowlands are broader , rising inland to the
Mashonaland plateau and Lebombo Mountains.
Mozambique has a tropical climate with two seasons, a wet season from October to March and a dry
season from April to September. The annual range in rainfall is 555 - 1 7 90 mm with a mean annual
rainfall of 905 mm. Cy clones are common during the wet season. Av erage temperature ranges in
Maputo are from 1 3 to 24°C in July to 22 to 31 °C in February .
Endowed with rich and ex tensiv e natural resources and a y oung population, Mozambique's is
considered to have v ast potential for economic growth. The country 's economy is based largely on
agriculture, but the contributions of industry (mainly food and bev erages), chemical manufacturing,
aluminium smelting and fossil fuels are growing rapidly . Currently the GDP constitutes 49.3% from
the serv ice sector, 29% from industry, and 21.7 % from agriculture . Mozambique had a population of
20.4 million people in 2007 (SARDC and HBS, 201 0 ), with a 1 .2% population growth rate
(Euroconsult Mott MacDonald, 2007 ).
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2 Mozambique and the Zambezi River Basin
The Zambezi Riv er Basin is the fourth-largest Basin in Africa. The Riv er flows into Mozambique
shortly before the massive Cahora Bassa Dam, hav ing ex ited Lake Kariba and merged with the Kafue
and Luangwa Riv ers. The Zambezi Riv er flows out of Cahora Bassa Dam and through Tete Province in
Mozambique, before reaching the confluence with the Shire Riv er coming from the north (Malawi).
Thereafter, the Zambezi Riv er is characterized by floodplains, anastomosing and braided channels,
and shifting sandbanks with ex tensiv e grasslands, swamps, dunes, and mangrov es along the coast
(World Bank, 201 0b). It continues its descent onto the coastal plain, forming the Zambezi Delta,
before entering the Indian Ocean. The entire Lower Zambezi basin in Mozambique cov ers an area of
approximately 225 000 km 2 from Cahora Bassa Dam to the Zambezi Delta (more than 27 % of the total
land area of Mozambique) and supports more than 3.8 million people (25 % of the total population of
Mozambique (Beilfuss and Brown, 2006). The riv er’s biological characters in Mozambique hav e been
substantially modified by Cahora Bassa Dam.
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 (201 0 a). Three of the sub-basins occur in Mozambique, either
partially (the Shire Riv er/Lake Malawi sub-basin, No.3 and the Tete sub-basin, No.2) or wholly
(Zambezi Delta, No.1 ). The ZRB cuts across fiv e prov inces of Mozambique, namely Tete, Manica,
Sofala, Zambezia and Niassa. Twenty per cent (1 62 004 km 2) of Mozambique lies within the ZRB
(Beck and Bernauer, 201 0).

Figure 1. Sub-basins of the Zambezi River Basin. Source: World Bank (2010a)
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2.1 Biophysical circumstances of the Lower Zambezi in Mozambique
The Zambezi Delta receives a mean annual precipitation of 1 060 mm. The av erage temperatures in
the Delta are 1 9°C in July and 24°C in Nov ember (Euroconsult Mott MacDonald, 2007 ). The mean
annual precipitation received in Tete is 887 mm (World Bank, 201 0 a). The av erage temperatures in
Tete are 1 7 °C in July and 23°C in Nov ember (Euroconsult Mott MacDonald, 2007 ).
Mozambique is located at the downstream end of the ZRB and therefore is largely dependent on
inflows from the other eight riparian countries (Beck and Bernauer, 2010). The Tete sub-basin has an
av erage cumulative run-off v olume of 1 11 000 km 3/yr. The peak flow v olume of 1 8 023 km 3 occurs in
February (World Bank, 201 0b). The Zambezi Delta’s av erage cumulative run-off is approx imately 1 30
000 km 3/yr. The annual discharge of the Zambezi Riv er flowing into the sea is estimated at 1 06 km 3
(Pegram and v on der Hey den, 2009).
Karoo deposits (intergranular aquifers) are found in the Middle Basin between Zambia, Zimbabwe
and Mozambique (Euroconsult Mott MacDonald, 2007 ). They tend to be poor y ielding but
occasionally hav e high secondary porosity or faulting that allow for moderate to high y ields.
Cry stalline or basement formation aquifers allow for groundwater flow in fissures. They are common
in the ZRB including around Tete, Mozambique. The Zambezi Delta contains sedimentary formations
of sands, silts and clay s including lake beds (Euroconsult Mott MacDonald, 2007 ).
The ZRB area of Mozambique is covered by fiv e main v egetation ty pes , namely miombo woodland,
mopane woodland, Acacia-Combretum woodland, coastal v egetation and moist ev ergreen forest and
grassland (Timberlake, 2000). Miombo is a ty pe of woodland dominated by trees of the genera
Brachystegia, Julbernardia or Isoberlinia with a well-dev eloped grass lay er. Mopane woodland is
dominated by Colophospermum mopane , and grassland and open woodland are dominated by
v arious species of Acacia. The coastal mangrov es consist of Rhizophora mucronata and Avicennia
marina and Lumnitzera racemosa. Common wetland plants include papy rus (Cyperus papyrus),
rushes (Typha), reeds (Phragmites), and water lillies (Nymphaea) (Timberlake, 2000).
Table 1: Approximate areas of different habitat types in the Zambezi Delta (Turpie et al., 1999)
Habitat T y pe
Palm sav annah

Cov er (%)
5

Area (ha)
63 7 50

Floodplain grassland
Wet grass
Reeds and sedges

40
25
10

51 0 000
31 8 7 50
1 27 500

Riv er channel
Mangrov es
T otal

5
15
100

63 7 50
1 91 250
1 27 5 000

The Gorongosa/Cheringoma/Zambezi Delta area of central Mozambique covers an area of enormous
habitat div ersity (World Bank, 201 0 a). Floodplains and wetlands are limited in this area, and the
regulation of flow has reduced flood v olumes, enhanced sedimentation in some places and erosion in
others, and increased the extent of lake-like habitats, which has led to a changed composition of the
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fish communities (World Bank, 201 0b). Specialized rock-loving species have declined or disappeared
from some stretches of the riv er. Aquatic pest plants, such as water hy acinth and water lettuce, were
rife initially but hav e diminished. Dense beds of Phragmites reeds grow on prev iously bare
sandbanks. The ecoregion as a whole supports the endangered marsh mongoose ( Herpestes
palustris), the African clawless otter (Aonyx capensis), the spottedneck otter (Lutra maculicollis), and
the hippopotamus (Hippopotamus amphibius) (World Bank, 201 0b). Species records are far from
complete, but indicate the ex istence of 61 fishes, 49 amphibians, four reptiles (including the Nile
crocodile), 27 molluscs, 18 dragonflies, 52 damselflies, three wetland butterflies, and about 7 0 0 bird
species.
The Lower Zambezi is an ecoregion classified as a sav anna -dry forest riv ers ecosy stem. It is seen as
nationally important and endangered, with a priority conserv atio n class of IV (World Bank, 201 0b).
The delta as a whole is a mix ture of woodlands, sav anna, mangrov es, and coastal dunes, with a
complex mosaic of wetlands. The southern portion, around Marromeu, is a wetland area of significant
biodiv ersity importance, with ex tensive areas of lagoons, papyrus, aquatic grasslands, and mangroves.
Freshwater species estimates for the ecoregion include 94 fishes, 7 3 water birds, 1 9 –28 amphibians,
sev eral reptiles, 221 molluscs, 25 dragonflies, and 84 wetland plant species. A l ower Shire tributary ,
the Ruo, has a unique relict fish species abov e the Zoa Falls, the only known to be endemic to this
ecoregion. The reptiles include the hinged terrapin (Pelusios castanoides), the Nile monitor (V aranus
niloticus), and the Nile crocodile. The area is recognized as being inadequately studied. The Delta
supports water bird species of global concern, such as the wattled crane and African skimmer
(Rynchops flavirostris), the last of which has suffered from the loss of sandy nesting sites. L arge
breeding colonies of white pelicans, storks, and herons are found there (World Bank, 201 0b).
The Middle Zambezi Luangwa ecoregion which marginally spreads into western Mozambique , is also
a sav anna-dry forest riv ers ecosy stem. It has a conserv ation status of endangered, with a priority
conservation class IV. It is seen as a nationally important ecoregion (World Bank, 201 0b). Both v alleys
are fertile compared to the nutrient-poor Upper Zambezi.
There are some introduced wetland plants of negative economic importance as they can block water
channels, cause fish mortality and provide suitable breeding grounds for bilharzia -carrying snails and
mosquitoes. These include the water hy acinth (Eichhornia crassipes), water lettuce (Pistia stratiotes),
Kariba weed (Salvinia molesta) and the water fern (Azolla) (Timberlake, 2000).
For further background information on the ZRB, the reader is referred to some ex cellent recent
reports:
 Chenje, M. (2000). State of the Env ironment 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 Riv er Basin. For SADC-WD / Zambezi Riv er
Authority , SIDA, Norwegian Embassy Lusaka.
 World Bank (201 0 a). The Zambezi Riv er Basin, A Multi-Sector Inv estment Opportunities
Analy sis. V olume 1 Summary Report. World Bank Water Resources, Africa Region.
Washington DC.
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2.2 Population and human development circumstances of the Lower Zambezi in
Mozambique
The area of Mozambique within the ZRB is home to 3.8 million people. The area is sparsely populated,
especially in the northeast area of Tete Prov ince, and with a somewhat higher density alon g and
around the Delta ly ing within the Zambezia and Sofala prov inces (World Bank, 201 0b).
Mozambique has ex perienced a national decline in pov erty since the end of the civ il war in 1 994
(Table 3) (World Bank, 201 0b). Howev er, the incidence of pov erty is still significantly higher in
female-headed households (63%) than in male-headed households (52%).
Table 2: Poverty in select provinces and in rural/urban areas of Mozambique . Poverty
headcount estimates (% of population) for 1996-1997 and 2002-2003. (World Bank, 2010b)
Location
Zambezia

1996-1997
68.1

2002-2003
44.6

Tete
Sofala
Urban

82.3
87 .9
62.0

59.8
36.1
51 .5

Rural
T otal Country

7 1 .3
69.4

55.3
54.1

Crop production is by far the most important source of income, especially for poorer households. At
the same time, the importance of wage labour, liv estock production, and non -farm enterprise income
is increasing, especially among richer rural households (World Bank, 201 0b). Other important rural
liv elihood activities include freshwater or estuarine fishing, and the collection of natural resources
such as fuel wood, palms, papy rus, reeds, grass, wild fruits, honey , and medicinal plants.
Nearly 80% of the country’s adults are engaged in agriculture, compared with 1 2.7 % in commerce and
serv ices. Women are particularly prevalent in the agricultural sector, making up almost two -thirds of
the farming workforce. On the other hand, men dominate all other sectors even though women occupy
more than one-third of all jobs in commerce and services. Many new jobs have been created in urban
areas, especially in the serv ice sector, and men predominantly hav e entered these new jobs (World
Bank, 201 0b).
More women than men liv e in rural areas. With more men taking up employment in other sectors, this
cy cle is being reinforced; women stay in the lower lev els of agricultural production and often do not
benefit from div ersification of agricultural production and increase in ca sh crop production (World
Bank, 201 0b). Women still hav e the primary responsibility to do household chores and produce food,
but they hav e v ery limited access to technology , fertilizer, and credit. They are therefore highly
restricted in their ability to engage in agricultural diversification or other income generating activ ities
(World Bank, 201 0b).
In 2007 , life ex pectancy at birth in Mozambique was 47 .6 y ears. In the Lower ZRB, malaria, diarrhoea,
and to a lesser ex tent cholera are prevalent. The lev el of child malnutrition has been slowly decreasing
since 1 996/97. In 2003, 30 % of children under fiv e were stunted, 22.3% were underweight, and 4 %
suffered from wasting.
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HIV /AIDS prev alence in the Mozambican part of ZRB is among the highest in the country . In 2004
estimates of prev alence rates were ov er 26 % among adults (1 5–49 y ears) in Sofala, ov er 1 8% in
Zambezia, and ov er 1 6% in Tete.
The ov erall adult literacy rate in Mozambique is low at 48.3% for the population ov er the age of 1 5
y ears (data for 2007 in SARDC and HBS, 201 0). There is ev idence of gender inequality as literacy
rates differ significantly between men (63.3%) and women (32 %) (World Bank, 201 0b). In the
agricultural sector, almost 87 % of the labour force has no formal education although this has
improv ed slightly since 1 997. In 2002, enrolment rates for girls reached almost the same lev el as for
boy s. The net enrolment rate of girls in primary school was 7 3.2 % in 2004 (World Bank, 201 0b).
These figures are from two sources and are indicative only . Howev er, the GIS datalay ers used in this
study and national census and MDG reports paint a similar picture.
The following map of the Liv elihood Zones of Mozambique (FEWS NET for USAID), accompanied by
an analy tical repo rt (FEWS NET, 201 0) prov ides an ex ceptionally useful tool for analy sis of the
potential impacts of climate stress and climate change on the liv elih oods and food security of
Mozambique’s population within the ZRB. We do not refer to it ex tensively in this report but suggest
that it be used towards further interpretation of the R&V maps.

Figure 2. Livelihood Zones of Mozambique. Source: FEWS NET, 2010.
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2.3 Economic activities in the Lower Zambezi in Mozambique
Mozambique currently has only one hy dropower plant, Cahora Bassa, which is a large reservoir with a
surface area of 2,67 5 km 2 and a v olume of 51 .7 5 km 3. It produces 2 07 5 MW (World Bank, 201 0 a).
This is the greatest energy output of any single hy dropower p lant in the eight riparian countries.
Future planned hy dropower dev elopment includes HCB North Bank and Mphanda Nkuwa , both of
which are to be located on the Zambezi Riv er (World Bank, 201 0a). Together they should generate an
additional 2 1 50 -2 850 MW.
The Cahora Bassa North Bank is an ex tension of the ex isting dev elopment. The project consists of a
new underground powerhouse on the north bank of the Zambezi Riv er with three 283.3 MW Francis
units (World Bank, 201 0a). The Mphanda Nkuwa project site is located some 60 km downstream of
the Cahora Bassa Dam. A surface powerhouse with an installed capacity of 1 ,300 MW consisting of
four 325 MW units would be located adjacent to the dam on the left bank. Recent estimates for total
capacity as been increased to 2 ,000 MW (World Bank, 201 0 a).
Agriculture accounts for just under 30% of GDP in Mozambique, with near to 80% of the activ e
population engaging in agriculture. Agriculture in the co untry ’s ZRB, an area of 421 000 ha,
contributes 1 5 % (US$ 40 million) to national GDP (World Bank, 201 0b). Growth in the agricultural
sector has contributed considerably to the ov erall decrease in rural pov erty . There has been a
div ersification of both food crop and cash crop production, more small -scale farmers hav e been
inv olv ed in contract farming, and large -scale farms hav e created jobs for rural households (World
Bank, 201 0b).
Only 2% of Mozambique’s cattle are found in the ZRB area (Euroconsult Mott MacDonald, 2007 ).
Subsistence crop production in the Zambezi Delta sub -basin is common with an estimated 1 10 000 ha
under cultiv ation. Traditional liv elihood sy stems hav e adapted to the seasonal flooding. A
combination of rain-fed and recession agriculture has been practiced by the people liv ing along the
riv er and in the wetlands, where poor y ields in one area are often counterbalanced by higher y ields in
other areas in the same season (Beilfuss and Brown, 2006). Rice is the dominant crop, followed by
maize, sweet potatoes, cassava, sorghum, millet, sugar, beans, and tobacco. Ri ce is commonly grown
on riv er banks that hav e been cleared of mangrov es; maize is sowed on higher ground between
October and December and on lower ground in June and July (Beilfuss and Brown , 2006).
All of Mozambique’s sub-basins have great potential for irrigation dev elopment. Howev er, it is likely
that in the nex t fiv e to ten y ears poor infrastructure will retard dev elopment ( Euroconsult Mott
MacDonald, 2007 ). The area under irrigation in the Mozambique ZRB is 8 436 ha. The area equipped
for irrigation is 7 413 ha (World Bank, 201 0 a). This ranks as the fifth largest irrigated area in the eight
riparian countries. The area irrigated is ex pected to increase to 49 000 ha by 2025 ( Euroconsult Mott
MacDonald, 2007 ). The ex traction of water from the Tete sub -basin for irrigation is high at
655 km 3/y r, y et the majority of the supply comes from Lake Kariba and Cahora Bassa Dam.
The ZRB area of Mozambique receiv es few tourists, y et there is undeniable potential in this sector.
Important protected areas include the unique wetland at Marromeu Complex , Marromeu Special
Reserv e, Marromeu Buffalo Reserv e, two classified forests, an area o f floodplain, grasslands, a
688 000 ha Ramsar wetland site, mangrov es and four hunting concessions. Negativ e impacts on
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tourist numbers include a decrease in Marromeu Complex habitats and a consequent decline in
wildlife in the area, illegal hunting and a lack of management capacity .
Although the Lower Shire wetlands extend into Mozambique, the Zambezi Delta is the chief wetland
area in the country . The Zambezi Delta has an area of 1 .4 million ha, it includes the 1 50 000 ha
Marromeu Complex and Buffalo Reserv e, which was designated a Ramsar site in 2004. The
Marromeu Complex is v ital for the national economy of Mozambique and prov ides s ubsistence for
hundreds of thousands of rural v illagers (Beilfuss and Brown, 2006).
The ex tensive coastal mangroves and estuaries nourish the prawn fishery on the Sofala bank, one of
Mozambique’s most important sources of ex port revenue (Turpie et al., 1 999). The floodplain swamps
prov ide spawning grounds for riv erine and oceanic fishes, and support a v ital freshwater fishery
during y ears of good flooding. The wet grasslands prov ide critical dry -season grazing lands for
liv estock. The rich delta soils support the largest sugar plantation in Mozambique and productiv e
flood recession agriculture along drainage way s. The sav annahs and woodlands prov ide fuel wood,
building materials, wild fruits, honey, and medicinal plants to local communities (Beilfuss and Br own,
2006). Palm trees (Borassus aethiopum) and Hyphaene coriacea are of great use in the inner parts of
the Delta. On the coast, Phoenix reclinata and the exotic coconut palm (Coceira sp. Borassus) ex tend
ov er a 65 000 ha area as part of a mosaic of grasslands, woodlands and agricultural areas. Palm has
many uses, among which are production of planks, roofs, mats, hats, baskets, and wine. Palm
harv esting is second to fishing as the biggest natural resource contributor to household economy in
the Delta (Turpie et al., 1 999).
The total annual economic gross direct use v alue for the Zambezi Delta is US$ 1 7 028 000. This was a
conserv ativ e estimate made by Turpie et al. (1 999).
At US$ 96 per household per y ear, fish and crustaceans constitute by far the biggest contributor to
household income in the Delta, as in the other three major wetland areas of the Basin. Fish is an
important part of the diet of communities liv ing in and near the Zambezi Delta. The catfish Clarias
gariepinus and cichlids such as Tilapia and Saratherodon species account for about 90% of the catch.
Fisheries on the Zambezi Riv er, between Tete and the Delta, hav e a potential y ield of around 7 00 t/y r
with present catches estimated at 340 t/yr. Shallow-water shrimp fisheries in Sofala c urrently harv est
1 0,000 t/yr with a potential of around 1 2–1 4,000 t/yr depending on flows in the recruitment period
(October to March with peak in December to January ). Risks faced by the fishery sector include the
construction of dams (such as Mphanda Nkuwa), aquatic weeds, pollution of floodplains and water
lev el fluctuation in the Delta (Beilfuss and Brown, 2006).
The Shire Riv er and Lake Malawi are used for transport by Mozambique. The terminal section of the
Zambezi Riv er running from the Indian Ocean and 57 0 km upstream from Mphanda Nkuwa is the
longest nav igable portion of the Riv er. Coal was transported over the river in barges in the 1 940s and
molasses in the 1 97 0s. Construction materials for the Cahora Bassa Dam were also transported in
barges up Mphanda Nkuwa. At present, nav igation only occurs at the crossings at
Luangwa/Kany emba and Caia (World Bank, 201 0b).
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Other projects in the region may also re quire nav igation. Coal mining activ ities in the Tete prov ince
could inv olv e transportation of coal in barges down the Zambezi Riv er. The construction of the
Mphanda Nkuwa Dam will make the portion of the riv er between Mphanda Nkuwa and Cahora Bassa
nav igable. The nav igation potential of the Shire Riv er depends not only on water flows from the Lake
Malawi but ev en more on water weeds, which present a major obstacle.
In April 2007 , the gov ernments of Malawi, Mozambique, and Zambia signed a M emorandum of
Understanding for collaboration on the implementation of the Shire -Zambezi Dev elopment Project
(World Bank, 201 0b). This will inv olv e the prov ision of barges on Lake Malawi; the ex pansion and
modernisation of the port of Chinde , and dredging the Shire-Zambezi waterway into a modern canal.
The National Water Council, using WHO guidelines, is responsible for water pollution control in
Mozambique (Euroconsult Mott MacDonald, 2007 ). Env ironmental problems faced by the ZRB in
Mozambique include pollution from mining and sewage from Tete town, and sugar mill pollutants
(BOD and nutrients). The trapping of sediment in Lake Kariba and Cahora Bassa Dam is also
changing the natural sediment loads of the lower Zambezi Riv er which results in the degradation of
the coastal shelf, erosion of riv er banks, and decreased supply of micro nutrients to the Delta. The
decreased flows as a result of the dams contribute to the intrusion of salts and increased salinity in the
Delta’s water. Thus the water in the Zambezi Riv er is increasingly saline, and there is ev idence of a
build-up of salts on irrigated lands (Euroconsult Mott MacDonald, 2007 ). Under natural conditions
these salts would be flushed out by floods that would inundate the floodplain periodically .

2.4 Climate change in Mozambique
Clim ate change glossary (IPCC, 2007 )
Adaptation: Adjustment in natural or human sy stems in response to actual or ex pected climatic
stimuli or their effects, which moderates harm or ex ploits beneficial opportunities.
Adaptive capacity: The ability of a sy stem to adjust to climate change (including climate v ariability
and ex tremes) 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 ov er time, whether due to natural
v ariability 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 v ariability refers to v ariations in the mean state and other statistics
(such as standard dev iations, statistics of ex tremes, etc.) of the climate on all temporal and spatial
scales bey ond that of indiv idual weather ev ents .
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: V ulnerability is the degree to which a sy stem is susceptible to, and unable to cope
with, adv erse effects of climate change, including climate variability and ex tremes. V ulnerability is a
function of the character, magnitude, and rate of climate change and v ariation to wh ich a sy stem is
ex posed, its sensitiv ity , and its adaptiv e capacity .
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Weather: The state of the atmosphere at a giv en time and place, with respect to v ariables such as
temperature, moisture, wind v elocity , 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 ). Ov er southern Africa, temperatures hav e increased more than 1 °C since 1 960, with the rise
most rapid in the dry winter season. The number of hot day s and hot nights has increased by about
1 2%, 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 ex pecte d 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 ev ents will be more frequent in future (Battisti and Nay lor 2009), and it is likely that heat
thresholds will be ex ceeded more regularly . Warming could be higher during late winter and early
spring (Hewitson, 2007 ). Strong warming before the start of the rains and the planting season would
significantly reduce soil moisture during this period through high rates of ev apotranspiration from
plants and soil. Warming also increases evaporation of water from surface bodies such as reserv oirs
and wetlands. Other impacts of warming include loss of crop suitability and biodiv ersity , and
increased frequency and intensity of wildfires.
Seasonal shifts in rainfall can be ex pected. In regions receiv ing most of their rainfall in summer, the
arriv al 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 harv est 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 v ariability , particularly with respect to rainfall. One of the
most important way s in which climate change is likely to affect conditions in the Zambezi Riv er Basin
is how it could affect the location of the Intertropical Convergence Zone (ITCZ), which driv es much of
the v ariability 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 v aries between El Niño and La Niña
conditions and is often associated with dry and wet conditio ns respectiv ely in much of southern
Africa, including the Zambezi Riv er Basin. Global warming could push ENSO towards more frequent
El Niño or La Niña conditions, but this is not well understood by climate modellers at present.
The southern African region is prone to climatic extremes of prolonged droughts, dry spells during the
rainy season, heav y rainfall, sev ere floods and flash floods (EM-DAT, 201 1 ), which appear to be
increasing in frequency and severity (Easterling et al., 2000). Sev ere recurrent droughts and floods
dev astate crop and liv estock production and thus escalate food insecurity , hunger and malnutrition.
There is still considerable uncertainty ov er rainfall changes in the summer rainfall regions. What is
known is that heav y rainfalls are already making up an increasing proportion of total rainfall in the
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Zambezi Riv er 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 ex perience increasingly heav y rainf all (Fig. 5),
along with stronger and a higher risk of flooding in late summer. GCM projections indicate a decline
in the September-October-Nov ember (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 ex pected to increase. A shortening
of the crop growth period caused by the later rains and the more intense dry spells will be ex perienced
as increased rainfall v ariability, which will also affect crop production and liv estock health. Some of
these effects are being ex perienced already .

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

Figure 5. Map of projected annual rainfall changes across the Zambezi River Basin for the period 2040 2069 relative to 1961-2000, using five downscaled GCMs and the SRES A1B scenario. Changes range
from decreases in rainfall of up to 117mm per annum in Angola (dark brown), to increases of up to 90mm
per annum in Tanzania (dark blue). Davies and Wroblewski, unpublished.
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2.4.1 Impacts of climate change
Mozambique is highly vulnerable to natural disasters (INGC, 2009). The geographical location of the
country giv es rise to high v ariability of rainfall. The country is located downstream of nine of the
fifteen major international river basins in the region, rendering it highly v ulnerable to flooding. The
country also lies in an area of considerable atmospheric instability and in the preferred path of
tropical cyclones formed in the Indian Ocean, being on ave rage affected by three to four c yclones every
y ear (Ruby et al., 2008).
Mozambique is alway s hit the hardest by flooding disasters due to its geographical position being at
the lower receiving end of multi-country riv er basins (SARDC and HBS, 201 0). Floods occur during
the rainy season, chiefly within riv er basins, low coastal areas and areas with drainage problems
(MICOA, 2007 ). Floods are influenced by La Ninã phases of the ENSO, and by the position of the
ITCZ. Ex amples of flood disasters in Mozambique include Cy clone Eline in 1 999-2000, which resulted
in widespread flooding dev astating large parts of central Mozamb ique and Zimbabwe (Chagutah,
2006; SARDC and HBS, 201 0). In 2005 - 2006, areas of Mozambique, South Africa and Zimbabwe
receiv ed v ery heav y rains resulting in flooding that caused considerable infrastructural damage,
destroying schools, crops, telecommunications and roads, killing at least 22 people in Mozambique
while 1 500 families were left homeless and up to 9 000 others affected. In 2007 , Cy clone Fav io
induced floods affecting Mozambique and Zimbabwe which killed 7 00 people and drov e more than
half a million people from their homes. The cyclone affected more than 31 000 hectares of arable land,
rendering it ‘unfit for agriculture’ according to the National Disaster Management Institute (SARDC
and HBS, 201 0).
Droughts are frequent in the central and sout hern regions of Mozambique, with some ev ents
occurring the northern prov inces. Drought is often associated with El Nino phases of the ENSO
(MICOA, 2007 ). Drought and desertification in Mozambique result from a combination of low lev els
of precipitation, which result in lack of water to maintain v egetation cov erage, combined with
ov ergrazing and ov eruse of agricultural lands (MICOA, 2007 ).
According to a study by Mozambique’s National Disaster Management Institute (INGC, 2009),
increases in temperature of up to 1 .6°C were apparent over central Mozambique during winter in the
period 1 960-2005, whereas maximum temperatures during March- April and September-Nov ember
hav e increased by approximately 1 .1°C. By 2081 -2100 increases in temperature are projected to be as
much as 5 -6°C ov er central Mozambique during September -Nov ember. Similar to increases in
temperature, the interior areas of Mozambique will also suffer greater increases in ev aporation than
those nearer to the coast. The largest increases are ex pected for the spring period SeptemberNov ember, particularly ov er the Zambezi Riv er v alley . This suggests that ev aporation will increase
significantly in this area before the onset of rains, which, depending on changes in rainfall, could
result in decreases in soil moisture before the main cropping season starts (INGC, 2009).
The IPCC High Sea Lev el Rise Scenario shows a rise of 1 0 mm by 2030, 100 mm by 2060 and 500mm
by 21 00. Sea lev el rise is due to three primary factors: ocean thermal ex pansion, glacial melt from
Greenland and Antarctica and a change in terrestrial storage (Ruby et al., 2008). It is the permanent
flooding of the coast and the low-ly ing areas which forms the principal threat, particularly to large
estuaries and subsiding deltas. Coastal set-back by erosion is ex pected to reach approximately 500m.
This scenario could be catastrophic to Mozambique. Sea lev el rise also represents a threat to the ZRB
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through saltwater intrusion. In the Zambezi Delta, more than 240 km 2 of land could be impacted with
inland saltwater penetration of about 28 km by 2030 (INGC, 2009). An increase in the penetration of
seawater into the delta will further degrade agricultural water quality and alter ecosystem conditions.
Drinking water supplies for coastal communities will be affected due to the intrusion of seawater into
coastal aquifers.
The changing climatic patterns hav e also resulted in loss of habitats such as mangrov es in
Mozambique. The aerial roots of the mangrov e rhizophora are a priv ileged refuge where fish can
spawn, and they play an important role in the economic life of the surrounding inhabitants (SARDC
and HBS, 201 0). Mangrov es represent an essential source of income and means of subsistence
prov iding fishing, firewood, timber, v arious foodstuffs, shellfish , medicines, and tourism.
Additionally, mangroves regulate the tides and sedimentation and act as a protectiv e barrier against
storms and coastal erosion. Thus, their destruction would be a great loss to the surrounding
communities (SARDC and HBS, 201 0).
Climate change v ulnerability is magnified by poverty (60% of Mozambique’s population liv e below the
pov erty line), low lev els of production, poor health conditions, illiteracy , and lack of sufficient
resilience to absorb external shocks caused by disasters . For example, before the floods of 2000, GDP
growth rate was greater than 1 0 %; after the floods GDP growth rate fell to below 2% (Ruby et al.,
2008).

2.4.2 Legal, institutional and policy framework for adaptation to climate disasters and
climate change
The National Institute for Disaster Management (INGC), established in 1 999, operates under the
Ministry of State Administration (MAE) and is mandated to coordinate emergencies; promote disaster
prev ention through population and gov ernment mobilization; protect hu man liv es; ensure multisectoral coordination in disaster emergency ; coordinate early warning sy stems; carry out public
awareness; and re-utilize arid and semi-arid zones. The INGC is responsible for coordinating disaster
risk management at the national, provincial and district lev els. Three regional emergency operation
centers handle cy clones and droughts, floods and cy clones.
The INGC Master Plan (currently in Phase II) guides all programmes and actions and was prepared
under the national 5 -Y ear Plan and national pov erty reduction policy (PARP). It specifically
emphasizes the links between dev elopment policies and preparedness, prev ention, mitigation and
v ulnerability reduction. There is a strong effort to de-centralise disaster risk management.
Early warning sy stems are generally well dev eloped, with INGC assuming ov erall coordination. The
responsibility for cyclone monitoring in Mozambique rests with the National Institute of Meteorology
(INAM), located in the Ministry of Transport and Communication. The tropical cy clone warning
sy stem informs people of the probable arriv al of a tropical cy clone at least 48 hours in adv ance.
The National Directorate of Water, together with INAM, is responsible for flood forecasting,
monitoring and early flood warning. It relies on the Regional Water Administrations (RWAs) which
monitor water levels and issue flood warnings to district governments and local authorities and to the
media (radio, television, and newspapers). District governments and local authorities, civil protection
units, in collaboration with the Red Cross and other non -gov ernment organizations (NGOs), are
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responsible for the dissemination of information, and in particular warnings, at the local level, and for
the ev acuation of people before floodwaters rise.
The INGC works closely with the Drought Monitoring Centre for Southern Africa within the SADC
Secretariat in Gaborone, Botswana (now re-structured to provide a broader service) and the Southern
Africa Regional Climate Outlook Forum (SARCOF). These bodies inform the Ministry of Agriculture,
for ex ample, of ex pected seasonal rainfall patterns.
The management of risks and the reduction of climate disasters hav e been a priority in the political
agenda, since thousands of people are threatened periodically by climate hazards. Under the auspices
of the United Nations Framework Conv ention on Climate Change (UNFCCC), the world’s Least
Dev eloped Countries (LDCs) hav e prepared their National Adaptation Progamme of Action (NAPA ), a
document that outlines urgent and immediate needs with regards to climate change impacts and
adaptation priorities.
The Mozambique NAPA (MICOA, 2007 ) proposes the following four priority actions:
 Strengthen the early warning sy stem.
 Strengthen the capacities of agricultural producers to cope with climate change.
 Reduce the impacts of climate change in coastal zones.
 Improv e water resource management under climate change.

3 Background and approach to R&V mapping
In consultation with stakeholders who attended a workshop early on in the project we hav e adopted a
mainstream approach for general v ulnerability mapping of the basin which is based closely on
methods used as part of an earlier SADC-wide v ulnerability mapping project (the Regional Climate
Change Programme for Southern Africa or RCCP); and an alternate approach for mapping
v ulnerability to the principal specific climate harms that are ex pected to affect the basin. The latter
were identified by interv iewing delegates at the workshop. The Zambezi Basin emerged as a major
hotspot for climate vulnerability in the course of the RCCP. Our general approach in tackling climate
v ulnerability mapping for this important sy stem has been to acquire higher resolution dat asets
wherev er possible and to include more relev ant datasets many of which hav e been reworked or are
new for this analy sis. For contex t, we believ e that population change will be a cr itical factor in the
region but we look at per capita resources and ratios rather than population density on its own. We
make use of the MAP project which prov ides good data on malaria incidence and high resolution
human population estimates.

3.1 A general climate vulnerability map for Mozambique (Zambezi Basin)
This represents a ‘broad brush’ approach with the objectiv e of identify ing where people may be
ex pected to be most v ulnerable 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 Intergov ernmental Panel on Climate
Change (IPCC). V ulnerability is here defined as ‘the degree to which a sy stem is susceptible to, and
unable to cope with, adv erse effects of climate change including climate v ariability and ex tremes’
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Figure 6: Vulnerability and its components
An ov erview of the methods used for the RCCP is presented in the publication: Midgley , Dav ies and
Chesterman (2011). The approach was to develop a composite index of v ulnerability . 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, 1 2 of which are new since the RCCP. These are listed and described in a separate Methods
Report (Dav ies and Wroblewski, unpublished). The adv antage of this approach is that it presents an
immediately accessible graphic representation of the ex pected distribution of the problem. This is
fav oured by politicians and decision makers because it is ex pedient. In the course of the RCCP the
summary maps have proved v ery useful because they either help promote consensus or they prov ide
the start point for discussion and v alidation to begin.
The method of combining these datasets inv olv ed standardising the scale of each to v ary in integer
v alues ranging from 1 to 9, and then a simple summation of the lay ers could take place. Howev er,
datasets which were considered to be more crucial to v ulnerability, from a more reliable source, and in
good geographical resolution were allowed to hav e more influence on the final summary lay ers
(weighted up to *3) than datasets which were considered to be less crucial, less re liable, and of a crude
resolution (weighted * 1 ). Many of the adaptive capacity lay ers were only av ailable at national scale
prior to this project so we accessed census report data giv en by province or administration district in
order to improve the resolution of these datasets. First, it was necessary to agree upon the boundaries
of these political areas. This was carried out by publishing the Digital Chart of the World (DCW)
administration districts data at the workshop in Harare and asking delegates t o validate data for their
countries. Following this we were able to update errors in the DCW datasets.
The recommended approach of assessing climate v ulnerability as ex posure, sensitivity and capacity, is
widely used, permitting cross v alidation between similar assessments. But it has received criticism on
the basis of the loose definition of parameters (e.g. Hinkel 201 1 ) and certain misuse of v ulnerability
indicators has been identified. Of v arious uses identified for composite v ulnerability indicators , only
the mapping of where people are ex pected to be most v ulnerable emerged as justifiable. It is
recommended that such use be limited to local studies where specific pathway s of harm and relev ant
contex t are identified (Hinkel, 201 1 ).
In particular, the process of aggregation of multiple datasets into a single indicator of v ulnerability is
identified as being highly subjective and debatable. We acknowledge that our method of aggregation
may still be considered subjective so we ev aluate 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
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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 prov ince data for Zambia, Mozambi que, Zimbabwe and
Namibia.
We used a deductive approach to combining v ariables into a simple aggregated index. This preserv es
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 v ariables may be considered if a single dependent
v ariable ex ists. We were looking to ev aluate multiple categories and so we chose not to use inductiv e
methods as these will tend to eliminate any additive influen ce of different indicators should they v ary
in a similar way (e.g. GDP and education might show similar v ariation but both may be ex pected 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 prov ince / administration district on
indices of household wealth e.g. upper and lower quintile v alues or % unemploy ed
2. by prov ince / administration district, incidence of HIV
3. by prov ince / administration district, relev ant gender -related indicators
4. by prov ince / administration district, numbers of orphans and v ulnerable children
5. by prov ince / administration district, issues affecting healthcare
6. by prov ince / administration district, educatio n lev el
7 . high resolution population data (afriPOP) and malaria risk mapping outputs (MAP)
8. we inv estigated FEWSNET liv elihoods 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 av ailable 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 av ailable
during the RCCP. We used a selection of these models to assess how the ex treme lev els of droughts
are ex pected to change by decade ov er 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 V alley . Fortunately this fine resolution of detail is av ailable in the CIAT / Worldclim climate
dataset which prov ides downscaled projections at 1 km 2 for certain GCM runs. This downscaling is
based upon ex cellent 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 fiv e
(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 A1 B scenario, and with a resolution of 30 arc seconds
(equiv alent to 1 km 2). These data had been statistically downscaled using the Delta Method.
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We calculated an av erage v alue for annual precipitation from the fiv e models for the period 2040 2069 and used this to represent conditions for the 2050s. From this future a nnual precipitation v alue
we subtracted the climate baseline which was also deriv ed from CIAT Worldclim datasets for the
period 1 960-2000. This difference in precipitation is used as the anomaly in mm rain with negativ e
v alues 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 dro1 k data).
Av erage future maximum temperature of the warmest month from the fiv e models was calculated for
the period 2040-2069 and used to represent conditions for the 2050s. From this future max imum
temperature v alue we subtracted the climate baseline which was also deriv ed from CIAT Worldclim
datasets for the period 1 960-2000. This difference in max imum temperature of the warmest month is
used as the anomaly in tenths of degrees C with positive v alues representing temperature gains. This
is used as a representation of the ex pected increase in ex treme 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 dro1 k data).
Av erage future mean annual temperature was calculated from the fiv e models for the period 2040 2069 and used this to represent conditions fo r the 2050s. From this mean annual future temperature
we subtracted the climate baseline which was also deriv ed from CIAT Worldclim datasets for the
period 1 960-2000. This difference in mean annual temperature is used as the anomaly in tenths of
degrees C with positiv e v alues representing temperature gains and negativ e v alues representing
temperature decrease. We clipped the dataset to the Zambezi Basin outline (hy dro1 k data) and
reclassified the v alues on an integer scale from 9 (max temp gain) to 1 (min t emp gain or loss).

3.2 Targeted climate vulnerability maps for specific harms in Mozambique
(Zambezi Basin)
In addition to the broad-brush overview of v ulnerability across the region we prov ide specific harm
case studies for the most v ulnerable regions which a re tailored to the nature of that harm. In these
components we pay careful attention to the entity that is affected (people inhabiting that location, or
communities sharing liv elihoods), to their most significant ex perience 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 Nov ember 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 secur ity (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 v ulnerable 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 ev ents. So we
dev eloped a second targeted map to identify where people may be ex pected to b e most v ulnerable to
the harmful effects of flooding ov er the forthcoming century .
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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 lev el rise

OneWorld Sustainable Investments 2012

Page 26

R&V Mapping for the Zambezi River Basin: Mozambique

4 Current general climate vulnerability summary layers
4.1 Exposure current
Ex posure category lay ers used for the ex posure summary lay er (with weighting in brackets):
1. Coefficient of v ariation for inter-annual rainfall (2)
2. Coefficient of v ariation 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 ev ents: number of ev ents by area (1 )
8. Disaster ev ents: numbers affected per population (1 )
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The following areas of high ex posure to climate risk can be distinguished (red areas on the map):
 Area surrounding Cahora Bassa Dam in Tete Prov ince and downstream along the riv er – high
rainfall v ariability between and within seasons, risk of drought, occasional flooding
 Area surrounding the confluence of the Shire and Zambezi Riv ers, as well as north into
Zambezi Prov ince and downstream to the Indian Ocean - heav y seasonal rainfall, frequent
flooding, cyclones, dry spells and risk of drought, patches of fire risk, many people affected by
climate disasters

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 av ailable 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 div ersity (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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The following areas of moderate sensitiv ity can be distinguished (red areas on the map):
South of Cahora Bassa Dam and around Tete town – shorter growing season, poor soils of low water
holding capacity, degraded soils, relatively low productiv e potential, high lev els of malnour ishment
Around Tete town, and ex tending north-eastwards towards Lilongwe in Malawi -higher population
densities
Basin areas of northern Manica and Sofala Provinces and the lower Zambezi V alley and Delta appear
to hav e somewhat lower sensitiv ity (blue areas on the map) – higher productiv e potential, lower
population densities, and an apparent amelioration of conditions towards the coast .
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4.3 Adaptive capacity current
Adaptive capacity category lay ers used for the adaptiv e capacity summary lay er (with weighting in
brackets):
1. Infrastructure pov erty (2)
2. Economic wealth (3)
3. Malnourishment in children under 5 y ears old (3)
4. Education Index (2)
5. Health ex penditure (2)
6. Malaria incidence (1 )
7 . Tsetse fly habitat suitability (1 )
8. Access to improv ed water (3)
9. Subscribers to a cellular network (1 )
10. Trav el time to nearest city (2)
11. Night lights (3)
12. Contribution of agriculture to Gross Domestic Product (2)
13. Water discharge (1 )
14. Biodiv ersity (2)
15. Forest resources (1 )
16. Irrigation potential (2)
17 . Gov ernance (2)
1 8. Conflicts (1 )
19. HIV prev alence (3)
20. Healthcare access for women (3)
21 . V ulnerability 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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Adaptive capacity is generally higher than in many other parts of the basin. Only Zambezia Prov ince
shows moderately lower adaptive capacity , linked to higher incidence of malaria and poverty amongst
other reasons. Nevertheless, the component maps indicate high lev els of child malnutrition across
Tete Prov ince, in particular. Educational attainment is also relatively low (particularly in women), as
is access to improv ed water.
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4.4 Impact current
Im pact overlay (current/recent historical): We deriv ed this lay er as (sensitiv ity summary +
ex posure summary ).

The following areas of high impact can be distinguished (red areas on the map):
 Area surrounding Cahora Bassa Dam in Tete Prov ince – high ex posure and high sensitiv ity in
the southern part, impact most noticeable around Riv er between Dam and Tete town
 Area surrounding the confluence of the Shire and Zambezi Riv ers, as well as north into
Zambezia Prov ince and parts of downstream Zambezi Riv er – v ery high ex posure combined
with moderate sensitiv ity in Zambezia Prov ince but lower sensitiv ity elsewhere
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4.5 Vulnerability hotspots current
Vulnerability ov erlay (current/recent historical): We deriv ed this lay er as (sensitiv ity
summary + ex posure summary + adaptiv e capacity summary ).
The following areas of high v ulnerability (hotspots) can be distinguished (red areas on the map):

The following areas of moderate v ulnerability (hotspots) can be distinguished (red areas on the map):
 Area surrounding Cahora Bassa Dam in Tete Prov ince – moderate impact but relativ ely high
adaptiv e capacity , v ulnerability mainly between Dam and Tete town
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Area north of the confluence of the Shire and Zambezi Riv ers, as well as north into Zambezia
Prov ince – high impact combined with lower adaptiv e capacity in Zambezia

5 Future general climate vulnerability summary layers
In addition to the lay ers used for the current /recent hist orical summary lay ers (giv en abov e), the
following lay ers were included to project changes by mid -century (ca. 2050).

5.1 Exposure 2050
Additional ex posure category lay ers used for the ex posure summary lay er (weighting in brackets):
1. One in 1 0 y ear drought (1 )
2. Worldclim ensemble precipitation change (3)
3. Worldclim ensemble max imum temperature change (2)
4. Worldclim ensemble mean temperature change (3)
5. Loss of suitability for cropland (2)
6. Sea lev el rise (2)
7 . Infrastructure risk of sea lev el rise
8. Infrastructure v alue threatened by sea lev el rise (3)
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The following changes to climate ex posure are projected for 2050 relativ e to the current situation:
 Area surrounding Cahora Bassa Dam in Tete Prov ince – relative reduction in ex posure due to
more fav ourable rainfall changes and milder warming than elsewhere , but continued high
ex posure downstream along the riv er
 Area surrounding the confluence of the Shire and Zambezi Riv ers, as well as north into
Zambezi Prov ince and south into Sofala Province – continued high exposure due to continued
drought risk, reductions in annual rainfall, risk of floods, and possible loss of cropland.

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 relativ e to the current situation:
Intensification of ex isting moderate sensitiv ity south of Cahora Bassa Dam, around Tete town, and
ex tending north-eastwards towards Lilongwe in Malawi, due to population growth in built -up areas.

5.3 Impact 2050
Im pact overlay (future): We deriv ed this lay er as (sensitiv ity summary + ex posure summary ).
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The following changes to climate impact are projected for 2050 relativ e to the current situation:
 Area surrounding Cahora Bassa Dam in Tete Prov ince – reduced area of high impact, mainly
south of the Dam, between the Dam and Tete town, and downstream along the riv er
 Area surrounding the confluence of the Shire and Zambezi Riv ers, as well as north into
Zambezia Prov ince and downstream Zambezi Riv er – continued high impact based on high
ex posure and moderate sensitivity in Zambezia Province ; increased impact in northern Sofala
Prov ince due to increased ex posure

5.4 Vulnerability hotspots 2050
Vulnerability ov erlay (future): We deriv ed this lay er as (sensitiv ity summary + ex posure
summary + adaptiv e capacity summary ).
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The following changes to climate vulnerability are projected for 2050 relative to the current situation:
 Area surrounding Cahora Bassa Dam in Tete Prov ince – reduced area of v ulnerability mainly
concentrated between Dam and Tete town
 Area north of the confluence of the Shire and Zambezi Riv ers, as well as north into Zambezia
Prov ince – continued high v ulnerability due mainly to high impact with lowe r adaptiv e
capacity in Zambezia

5.5 Areas of greatest concern
We now turn to identify ing, on an administrative level (province), where the areas of highest or lowest
impact and v ulnerability are located, and how this is likely to change under climate change.
This prov ides a possible starting point for highlight ing specific prov inces which are:
1. Currently highly ranked and likely to remain so (e.g. confluence of Zambezi and Shire Riv ers)
2. not currently highly ranked but likely to become highly ranked (e.g. parts of Zambezia)
3. currently highly ranked but likely to become less highly ranked (e.g. area north of Cahora
Bassa Dam)
4. not currently highly ranked and likely to remain so (ex amples not obv ious for Mozambique
although there appear to be patches of apparent resilience)
Each of these possibilities will require careful analy sis and corresponding response strategies. For
ex ample, those falling into category 4 probably offer areas of resilience and refugia, whereas those
falling into category 2 are possibly 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 contex t when sub -national and basin-lev el climate change
response strategies are dev eloped.
The following table shows provinces in order of rank across the basin in accordance with their mean
v alue for Impact Current and Impact Future. This was calculated using the zonal statistics function in
ArcGIS. The last column shows the change in rank relativ e 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 prov incial impact has increased or de creased relative to the other
provinces.
Table 2. Ranking of provinces according to potential impact of climate stressors (exposure
and sensitivity), both currently and in the future (ca. 2050), with Rank = 1 indicating highest
impact. Those change values highlighted in grey show high projected increases in potential
impacts from climate risk (change in rank 10) from current to 2050.

Province
Zambezia
Tete
Manica
Sofala

Mean
current
impact
value
337.52
307.96
264.46
223.74
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Rank
current
14
17
28
43

Mean
future
impact
value
373.36
301.71
314.38
294.68

Rank
future
16
27
24
29

Change in
rank
-2
-10
+4
+14
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Province
Niassa

Mean
current
impact
value
182.60

Rank
current
51

Mean
future
impact
value
128.92

Rank
future
58

Change in
rank
-7

Additionally, in order to identify which administration districts across the basin (this was only done at
basin lev el) are clustered in areas of high or low v alues 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, ov erlaid with
administration districts for ease of identification. Statistical confidence levels are high at greater than
95%.

The most significant “hotspot” for future “impact” emerges in southern Malawi a nd surrounding
districts of Mozambique (western Zambezia, eastern Tete, northern Sofala). This area contains the
lower Shire Riv er and the confluence of the Shire and Zambezi Riv ers in Mozambique. The area is
already currently highly impacted by climate-related stressors including v ariable rainfall, droughts,
floods and tropical cy clones. This is ex pected to worsen during the course of the nex t few decades.
High numbers of people liv e in this area and population growth rates in Malawi will increas e the
current sensitiv ity of the socio -ecological sy stem.
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A significant future “resilience spot” for “impact” is ev ident in central and northern Malawi and
surrounding districts of Niassa (Mozambique), Tanzania, and Zambia. The area currently contains
patches of higher impact but these could apparently be mitigated by a more favourable climate future.

The following table shows districts in order of rank across the basin in accordance with their mean
v alue for V ulnerability Hotspots Current and V ulnerability Hotspots Future. This was calculated
using the zonal statistics function in ArcGIS. The last column shows the change in rank relativ e to all
administrative units across the basin. Those change v alues highlighted in grey show high projected
increases in climate-related v ulnerability (change in rank ≤ -1 0) from 2008 to 2050.
Table 3. Ranking of provinces according to climate-related vulnerability, both currently and in
the future (ca. 2050).

Province
Zambezia
Tete
Manica
Sofala
Niassa

Mean
current
hotspot
value
21.94
17.68
15.49
10.62
8.19

Rank
current
13
25
35
50
57

Mean
future
hotspot
value
24.27
17.21
18.42
14.15
5.65

Rank
future
19
37
35
43
60

Change in
rank
-6
-12
0
+7
-3

For hotspots 2050 we also conducted a hot spot analysis (Getis -Ord GI) in the spatial statistics toolset
of ArcGIS. Areas of high v ulnerability (red hot-spots) and areas of resilience (blue cold-spots) for
2050 were identified, ov erlaid with administration districts for ease of identification. Statistical
confidence lev els 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 northern
Malawi remain, with the former concentrating in the area east/south -east of Blanty re and
surrounding areas of Mozambique (Tete, Zambezia), and the latter shifting into northern Malawi
where adaptiv e capacity is higher.

6 Specific harms analysis
We assessed the spatial risk of the two major climate -related harms within the Zambezi Riv er Basin,
namely droughts and floods.

6.1 Droughts
For assessing future v ulnerability across the basin specifically to drought, we assembled 29 v ariables
into a composite index . Only v ariables with a direct link to drought v ulnerability were chosen. We
used the same weightings as for the general v ulnerability index , which were based (in descending
order of influence) on: 1 . importanc e to the theme, 2. confidence that the data were accurate and
reliable, and 3. geographic resolution.
Three adaptiv e capacity lay ers (v alues were inv erted):
1. Reliance upon agriculture in GDP
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2. Water discharge accessibility
3. Irrigation potential
Sev enteen sensitiv ity lay ers:
1. Sensitiv ity ranking of agricultural sy stem
2. Human appropriation of net primary productiv ity
3. Easily av ailable soil moisture
4. Diet div ersity
5. Own food production
6. Amount of land under local irrigation (inv erted)
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 ex posure lay ers:
1. Interannual v ariation (c.v .) in rainfall
2. Intra-annual v ariation in rainfall (seasonality )
3. Standardised precipitation index
4. Proportion of national populations affected by disasters
5. Projected worsening v alue for the one in ten y ear drought
6. Projected precipitation change
7 . Projected mean temperature change
8. Projected max imum temperature change
9. Projected changes in cropland suitability
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6.2 Floods
For assessing future v ulnerability across the basin specifically to floods, we assembled six v ariables
into a composite index. Only v ariables with a direct link to flood v ulnerability were chosen. Notably
malaria is a high impact human disease which may be closely associated with floods. We used the
same weightings as for the general v ulnerability index which were based in descending order of
influence on: 1 . importance to the theme, 2. confidence that the data were accurate and reliable, and 3.
geographic resolution.
Two adaptiv e capacity lay ers (v alues were inv erted):
1. Suitability for malaria
2. Access to improv ed water (by nation)
Four ex posure lay ers:
1. General risk of sea lev el 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 dev eloping country such as Mozambique , the impacts of and responses to climate v ariability and
climate change must be assessed within the contex ts of economic and social dev elopment, and the
ex istence and sustainable use of env ironmental goods and services. The latter are essential ingredients
for dev elopment, whether for agricultural dev elopment, sustainable forestry and fisheries, nature based tourism, energy generation, or for the prov ision of essential serv ices to the population e.g.
access to improv ed water. The dev elopment of Mozambique will continue to depend on the future
harnessing of its natural resources, while ensuring that areas of high usage do so sustainably and
equitably .
Climate change threatens dev elopment since it impacts directly on natural resources and affects
populations and economic activities in numerous direct and indirect way s. Howev er, the nature and
ex tent of this threat must be rationally analysed to identify real rather than perceiv ed threats, as well
as potential opportunities balanced against risks. We do not attem pt to fully interpret the
results of this study here, but m erely indicate the possible directions of further
investigation the current spatial analysis could open up. This will hopefully stimulate
further research, analysis, dialogue and respo nse prioritisation within Mozam bique
and the Basin.
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The Mozambican portion of the Zambezi Riv er Basin currently has two distinct areas of high or
moderately high v ulnerability to climate v ariability and climate -related shocks. These ‘hotspots’ will
be differentially affected by climate change. 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 the semi-arid parts of Tete
Prov ince, current v ulnerability arises from variable and insufficient rainfall and occasional droughts
and floods, linked to marginal agricultural production pot ential. This is ex acerbated by pov erty ,
hunger and low education levels. However, this study does not indicate a worsening of the situation
ov er the next few decades, considering the small projected changes in rainfall, moderate warming and
moderate population growth. Indeed, economic diversification in Tete, including mining and irrigated
agriculture, may stimulate growth and lead to reductions in pov erty and less reliance on marginal
rainfed subsistence farming. This may contribute to better resilience in future.
Another area of current climate v ulnerability is the lower Shire Riv er up to its confluence with the
Zambezi Riv er, downstream Zambezi Riv er and floodplain, and the adjacent areas of Zambezia
Prov ince to the north-east. High risks of flooding and cy clones, and occasional droughts, make this
area highly ex posed to climate harms. Zambezia also suffers from low socio -economic dev elopment
and chronic pov erty and has prev iously been identified as one of the most v ulnerable regions of
Mozambique to climate change (INGC, 2009). This ‘hotspot’ will continue to be highly ex posed to
climate harms ov er the nex t few decades and v ulnerability is likely to persist.
Spatially ex plicit economic and land use planning should factor in areas of differing ex posure and
v ulnerability . The lower Shire and lower Zambezi sub-basins are areas of high water flow and thus
high potential for productive use of water resources, for ex ample in irrigated agriculture. The area’s
ecosystem serv ices already support a div erse range of liv elihoods. It is also home to an enormous
div ersity of habitats and biological div ersity , with significant conserv ation importance and tourism
potential. The river sy stem has an important regulatory role for local hydrological processes and water
quality , especially the marshes and wetlands. Dev elopment planning, resource use management and
land use planning need to be sensitiv e to the current and future climate v ulnerability of this area. A
close analysis is required of ex isting and planned irrigation, rainfed agriculture, national parks and
reserves, and rural livelihood systems, in order to identify and mitigate potential threats. Economic
div ersification which can reliev e pressure on the basin sy stem should be sought.
On the other hand, some areas of the Mozambican ZRB, such as the northern parts of Tete Prov ince,
may offer opportunities should they benefit from unchanged or ev en increasing rainfall and only
moderate warming, as projected by many downscaled climate models for the region. The feasibility of
economic dev elopment in this area will depend largely on improv ed infrastructur e, especially
transport sy stems, and improv ed trade between Tete, the port of Beira in Mozambique, Malawi,
Zambia and Zimbabwe.
Management of the shared water resources of the ZRB under conditions of climate change will affect
the highly v ulnerable lower basin and delta in Mozambique. Basin -lev el dialogue, planning and
responses must factor in spatially ex plicit climate scenarios and v ulnerability . Differential climate
changes and v ulnerabilities within the ZRB should inform integrated water resource management and
adaptation planning at all spatial scales, with transboundary and basin-lev el planning, management
and monitoring becoming particularly important . Sub-basins with catchments in the northern and
north-eastern parts of the basin will likely continue to receiv e stable and possibly increased rainfall,
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whereas western and southern catchments are projected to ex hibit stronger dry ing. Hy drologically ,
these shifts can be ex pected to change the relativ e contributions of v arious catchments to ov erall
annual riv er flow and discharge (this aspect requires further hy drological analy sis). Mozambique, at
the end of the basin, is not only directly exposed to climate harms (e.g. c yclones, sea level rise) but will
also ex perience the integrated impacts of upstream climate conditions and water management, in the
form of av erage and ex treme riv er flows. Water abstraction and dams (particularly Kariba and
Caohora Bassa) hav e already altered the sy stem in the lower Zambezi and Delta , and further
dev elopment of the water resource will continue. In parts of the basin where dry ing is likely to be
ex perienced, water will also be harnessed for climate change adaptiv e responses, such as increased
irrigation. Basin-lev el research, dialogue and agreements at politic al and technical lev els should
increasingly factor in spatially explicit future scenarios to inform multi-national decision making. The
Zambezi Watercourse Commission (ZAMCOM) is now well positioned to lead and guide these
processes.
Social dev elopment in order to raise adaptiv e capacity will be important. The ZRB area within
Mozambique is socio-economically relatively under-developed, which renders populations less able to
cope with and adapt to climate stressors. Continued progress in reducing chronic pov erty and raising
lev els of education will increase adaptive capacity of the local population. The high burden of disease
associated with climatic factors (e.g. malaria) and lack of access to improved water for a large portion
of the population (e.g. diarrhea) place additional strain on households and labour. Mozambique’s
public health care system is in great need of strengthening; inv estment in improved access to medical
serv ices, especially for women and children, would contribute sig nificantly to building resilience at
community lev el.
In conclusion, probably the most important adaptiv e response is sustainable land use planning and
management, and sustainable natural resource management, underpinned by strong policies, laws,
regulation and institutional arrangements. In addition, the dev elopment of human capital through
education, health care and div ersified livelihood opportunities will be required to develop resilience to
the ex pected impacts of climate change. Climate risk and v ulnerability mapping is a useful tool which
should be used to help inform effectiv e medium- and long-term planning and to guide the
district/prov incial, national and basin-lev el dialogue around climate adaptation options and
priorities.
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