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Abstract 
The energy-food-water nexus is of fundamental significance in the goal towards sustainable 

development. The Zambezi River Basin, situated in southern Africa, currently offers vast water 

resources for social and economic development for the eight riparian countries that constitute 

the watershed. Hydropower generation and agriculture are the main water users in the 

watershed with great potential of expansion, plus urban water supply materialise the largest 

consumers of this resource. Climate and social changes are pressuring natural resources 

availability which might show severe alterations due to enhances in the variability of 

precipitation patterns. This study thus examines the present water resources in the 

transboundary basin and executes low and high case future climate change incited scenarios in 

order to estimate the possible availability of water for the period 2060-2099 by performing 

water balances. Along with projections of water accessibility, approximations on water 

demands from the main consumer sectors are performed.  

Results show an annual positive balance for both projected scenarios due to an increase in 

precipitation during the wet season. They also present a severe increase in overall temperature 

for the region contributing to a strong increase in evapotranspiration. Projections further inform 

of an acute increase in water demand for irrigation and urban supply, nevertheless, evaporation 

from hydropower storage reservoirs continues to exceed water withdrawals in volume. 

Acknowledging the uncertainty contained in this report allows a broader offer of 

recommendations to be considered when planning for future developments with a sustainable 

approach. Improvement of hydrological collection systems in the Zambezi basin is 

indispensable to accomplish a deeper and cohesive understanding of the watershed water 

resources. Cooperation and knowledge communication between riparian countries seems to be 

the right beginning towards social and economic sustainable development for the Zambezi 

River Basin. 

Key words: Zambezi River Basin; Water resources management; Climate change; Energy-

Food-Water nexus; Future projections. 
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1. Introduction 
Water is a basic need for social and economic development and changes in climate and 

demands are arising concerns as regards to access to water resources around the globe. Climate 

change has been an important factor considered when estimating water resources for the future, 

however, population growth and economic development are also aspects to be reflected on. 

Human progress together with changes in the water cycle will determine the allocation of water 

for economic development, population and environment (Vörösmarty et al., 2000). Africa is a 

continent with great potential for social and economic expansion and offers plenty of natural 

resources for its support. Southern Africa is subject to variable climatic conditions that lead 

eventually to cyclical floods and droughts, specially affecting the poorest part of the population, 

which makes its management even more complex.  

Shared watersheds by multiple countries present management complexities that must be 

resolved by collaboration strategies towards common objectives (Imperial, 2005). Especially 

large basins as the Zambezi exhibit variable climatic conditions that distribute precipitation 

spatially differently across all its countries. Northern and eastern countries present higher 

annual rainfall while southern and western countries exhibit largely lower values. Furthermore, 

some countries have the capacity to invest more in infrastructure than others to assure water 

availability while others contribute more area to the basin, bringing up questions regarding 

which countries have more privileges than others to its water allocation (The World Bank, 

2010a). A collaborative approach is needed to manage natural resources efficiently and 

equitably for all countries inside the basin. Moreover, sustainable approaches have not been 

always respected when performing significant developments in evolving areas, therefore an 

assessment of the possible outcome of their development regarding water resources is of great 

importance. 

 The Zambezi River Basin is home to diverse, valuable natural resources for the eight countries 

that share the region: Angola, Botswana, Malawi, Mozambique, Namibia, Tanzania, Zambia 

and Zimbabwe. Currently, more than 30 million people live in the watershed, which must 

satisfy their social and economic needs as well as maintaining the health of the natural 

environment. As any area highly dependent in water resources, water is necessary for the major 

economic activities in the basin, such as water supply for hydropower production, irrigation 

and urban and rural consumption. It has been estimated that 20% of the total runoff is consumed 

by these activities, a number that is projected to increase up to 40% in coming years (Beck and 

Bernauer, 2011). 

Hydropower represents the largest water consumer in the basin through evaporation from its 

storage reservoirs. The second major user is irrigation on agriculture, a vital activity for the 

survival of its population and economic development. Lastly, urban and rural water supply 

ranks third in water consumption in the basin (The World Bank, 2010b). As for economic and 

social development, all three demands are expected to grow with new hydropower projects and 

increase in evaporation from the basin´s reservoirs, expansion of irrigated land for larger food 

production, and growth of its population.  



5 

 

 

The Zambezi region has been subject to considerable interest due to its importance at a global 

scale, as well as for southern Africa, in regards to accessibility to water resources. It provides 

natural goods and services for millions of people, and climate change might affect the way 

water is available for these activities (ZAMCOM, SADC and SARDC, 2015). Changes in 

demand will put pressure on the equitable allocation of water in the region. Several studies 

have estimated short-term scenarios for the Zambezi River Basin combining changes in climate 

and potential developments in the region. These take into consideration major economic and 

social activities, such as electricity generation, food production and urban water supply. 

Moreover, the Zambezi area presents large potential for development and have been considered 

for different degrees of economic development in many studies (The World Bank, 2010b). 

Uncertainty in climate change projections is an important aspect to consider while assessing 

results and making suggestions for improvement. Future climate conditions hold large 

uncertainties due to the fact that there are numerous elements involved in determining 

temperature and precipitation. Climate, however, is difficult to predict with certainty for time 

periods far into the future, but vital for adaptation measures and implementation planning 

(Deser et al., 2012). Projections for the increase in water demand also possess large 

uncertainties and may be only considered as reference values. By changing the approach of 

management of the water resources in the watershed, it might be possible to divert them into 

an adapted sustainable path capable to supply the demands. 

This report aims to estimate the available water resources in the Zambezi River Basin, per 

country and as a whole, and, by creating future climate change influenced scenarios, to assess 

the capacity of the watershed to supply the necessary water for its potential demands. Climate 

change is putting pressure on water resources around the world and southern Africa is no 

exception. Besides climate change, social and economic activities depend on water resources 

and their development entails larger water consumption for every sector. For areas under 

development, sustainable management of their resources is vital for improvement and/or 

maintenance of their livelihood and environment. As stated before, the Zambezi region presents 

large economic development potential and, therefore, improvement in living conditions, 

however, under changing climatic conditions the extreme variability will add obstacles for its 

optimal achievement. 

This study intends to focus the analysis on the Zambezi on a long-term basis (2060-2099) due 

to the current state of relatively abundant water resources. Climate change together with social 

and economic development will vary water input and output, and a broad research on how all 

these changes might affect water access is of interest in this report. Evaluating historical and 

future water balance estimations provides a clear idea of the state of the basin concerning 

natural resources and to which degree the area can provide for its development. This assessment 

is then followed by the suggestion of cooperatives measures to ensure water access for all. 

These water balance approaches have been selected to help assess the future feasibility of the 

historical water allocation system in the basin by estimating its available water resources. 

This work has been structured in the following manner: the introduction presents the concerns 

that motivated this report, describing briefly the historical situation of the basin and what 



6 

 

 

climate change and development can cause in the region. Uncertainty is introduced as it is a 

significant factor to be considered while examining the work carried out. Following the 

introduction, a description of the basin and its characteristics is performed to help create a clear 

idea of the historical situation of the study area, along with a presentation of the historic water 

resources and demands. The methods section then explains in a detailed manner the work that 

has been performed and what considerations were assumed. Later, relevant results are 

displayed concisely followed by a discussion of what the results show and several 

recommendations from which the management of the basin could benefit. Finally, conclusion 

highlights the outcomes of this research and recommendations for future conditions. 

1.1. Research questions 
1. What will the water balance be for the period 2060-2099 for the Zambezi River Basin? 

2. What will the water demand of each major water sector be?  

3. Will the watershed have the capacity to supply those water demands?  

2. Description of the Zambezi River Basin 
In this section, the Zambezi River Basin main characteristics are described for a better 

understanding of the study area, such as the location of the watershed in southern Africa, its 

highly variable climate, the faulting geomorphology and its land cover/use. The projected 

climate changes for the region are also introduced, including the extreme events, such as floods 

and droughts. The presence and the unsustainable use of groundwater resources for its 

population supply are also briefly mentioned. Then, the lack of agreement on sharing of water 

resources by the eight countries and the uncertainty involved in both the research approach and 

provided data are described. Finally, major water demands in the Zambezi basin are defined 

including hydropower through open water evaporation from its reservoirs, agriculture water 

use for irrigation and population water supply. Environmental flows are also mentioned as 

water demands from natural ecosystems as an approach to acknowledge their importance. 

2.1. Study area 

The Zambezi river is the fourth largest river in Africa, running a length of 2,574 kilometres in 

southern Africa, represented in Map 1. It has its start in northern Zambia, continuing across 

Angola and the borders of Namibia, Zimbabwe and Botswana, discharging its water into the 

Indian Ocean through Mozambique (IFRC, 2010). The basin covers 1.37 million square 

kilometres including the lake Kariba and the lake Malawi/Niassa/Nyasa (The World Bank, 

2010b). It is shared by eight countries: Angola (18.5%), Botswana (1.4%), Malawi (8.0%), 

Mozambique (11.8%), Namibia (1.2%), Tanzania (2.0%), Zambia (41.6%) and Zimbabwe 

(15.6%) (Chow, 2016). The main tributaries to the Zambezi river basin are Shire, Luangwa and 

Kafue.  Most of the basin is situated between 800 and 1,450 metres above sea level (masl), 

providing high hydropower potential (Euroconsult Mott Macdonald, 2007). 

In the basin, between 30 and 40 million people live, out of which 80% depend on agriculture 

and fishing. For a sustainable economic development providing the living standards of the 

population and a maintenance of its rich and diverse environment, the Zambezi river is a vital 

resource in all eight countries. The river plays a substantial role providing environmental 
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services to the region as well as water for food security and electricity generation through 

hydropower stations, with a current installed capacity of 5,000 megawatts (MW) and a potential 

of 13,000 MW (Beilfuss, 2012). The basin is home for several nature parks under the UNESCO 

Biosphere Reserve and Wetland of International Importance under the Ramsar Convention, 

and for some endangered species such as the African elephant and the African buffalo. 

(Beilfuss, 2012).  

 

Map 1. Map of Zambezi River Basin located in southern Africa. The top image shows the delineation of the Zambezi watershed 

and the lower inset map shows the situation of the basin at a larger scale. 

The Zambezi River Basin presents a state of abundancy of natural resources. The most 

important economic activities carried out in the basin are fisheries, agriculture, tourism and 

mining as well as energy production. Zambia possess large copper and cobalt deposits, the 

Zimbabwe area is rich in chromium and nickel, gemstones and gold are found in multiple small 
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areas around the basin and coal is located in several places. Industries are dependent on the 

energy generated across the basin at the hydropower stations as well as on coal and oil. Among 

the eight riparian countries, there are wide disparities in economic conditions ranging from a 

gross domestic product per capita of USD 122/year in Zimbabwe to more than USD 7,000/year 

in Botswana (The World Bank, 2010a). Other countries have other major sources of income 

apart from the ones provided in the basin, such as Angola and Namibia, where oil and diamond 

industries are important resources. 

2.2. Climate 

The climate in the basin can be separated into three different seasons. From May to September, 

temperatures are lower, ranging from 15 to 27 degrees Celsius ( ̊ C), and humidity is low. Then, 

from October to November the temperature can rise to 32 ̊ C, while the air is still generally dry. 

And lastly, from December to April both temperatures and humidity are high. Arid areas are 

present in the west part of the southern African region and advances towards a more humid 

climate in the eastern regions. Rainfall is particularly variable throughout the river basin 

showing higher values in the northern countries, such as the Lake Malawi/Niassa/Nyasa in 

Tanzania with 1,400 mm/year or Angola, and lower values in the southern countries, such as 

Zimbabwe with 500 mm/year (The World Bank, 2010a). The basin is influenced by the Congo 

northern tropical rainforests and the Kalahari Desert in the south, presenting a range of humid, 

semiarid and arid areas. The hydrology is affected by the evapotranspiration and the presence 

of large water bodies, such as the Lake Malawi and the Kariba and Cahora Bassa reservoirs 

(Chow, 2016). Evapotranspiration is also a spatially variable parameter across the basin, with 

higher values of around 1,000 mm/year around the Luangwa river, and lower values of 500 

mm/year of evapotranspiration rates located in the south western part of the watershed (Shela, 

2000). 

Despite rainfall variability, the average annual runoff discharged into the Indian Ocean is 

estimated to be less than 10% of the runoff generated in the basin, estimated to 2,600 m3/s or 

82 km3/year (Beck and Bernauer, 2010). The vast majority of the runoff is generated in the 

northern and western parts of the basin, which is then delayed by the existing water bodies such 

as reservoirs and wetlands. The rainy period starts around December till April, however, the 

altered river regime by dams provides homogeneous water resources throughout the year 

(Chow, 2016). 

Runoff data records started being collected the last century in a small number of stations 

throughout the Zambezi river and other tributaries. Hydro-meteorological records go back to 

the 1950s, and their limited availability is, with few exceptions, due to political issues. Even 

though the quality of their data is considered as fair to good, lack of financial stability has 

affected numerous recording stations which are currently out of service (Shela, 2000).   

In 2010, the Intergovernmental Panel on Climate Change (IPCC) published water projection 

scenarios for the Zambezi River Basin 2000-2050 (Beck and Bernauer, 2010) in which it was 

estimated that the water consumption is at around 15-20 % of the total runoff. The biggest 

water consumers are dams through evaporation with an approximated 17 km3/year and 

agricultural irrigation, 3.2 km3/year. The authors further state that economic development plans 
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are in place that would lead to an increase in water consumption of up to 40% by 2025. The 

largest reservoirs in the basin are the Kariba, which has a maximum volume capacity of 180 

km3, and the Cahora Bassa reservoir, able to contain approximately 63 km3. There is a large 

number of other reservoirs across the Zambezi river and its tributaries that add an extra storage 

of around 200 km3. 

2.3. Geomorphology 

The geomorphology of the basin is defined by tectonic movement and rift valley faulting, 

already existing in the proterozoic era, more than 550 years ago. The area has since experienced 

excessive faulting, folding and metamorphosis along with erosion and weathering, presenting 

large plains and the surface of the most resistant materials. Granitic and gneissic 

metamorphosed grounds are commonly present and tectonic movements, such as rift faulting 

and uplifting, have lifted them up to large plains at an altitude of 1,600-1,800 masl. The variable 

morphology of the basin contributes to the existence of deep and shallow valleys, broad 

plateaus and steep and flat river profiles (Euroconsult Mott Macdonald, 2007). It also explains 

the long meandering reaches and gentle slopes of the Zambezi river and its tributaries, as well 

as the presence of gorges and several falls due to vertically dislocated metamorphosed rock 

plates. Moreover, these characteristics make the area extremely suitable for hydropower 

reservoirs.  

2.4. Land cover/ land use 

With a region characterized by large evapotranspiration, the land cover and use are important 

elements to consider when studying the hydrologic system. It provides information on how the 

rainfall transforms into either runoff, infiltration or evaporation. The Southern African 

Development Community (SADC) has classified the variety of land covers/uses in the Zambezi 

River Basin and has also quantified the percentages of each. In the year 2000, rain-fed farming 

accounted for 13.2% of the total area, forests 20.6%, bushland or uncultivated land 54.2%, 

grassland 7.7%, not fit for cultivation 0.1%, open water area 2.8% and wetlands and irrigated 

extents 1.3% (Euroconsult Mott Macdonald, 2007). From that information, up to 75% of the 

basin is covered by forests and bushes, almost 8% is grass and only 14.5% is assigned to 

agriculture. Fortunately, a neglectable amount of land is not appropriate for crop cultivation, 

which translates to a large potential improvement in the efficiency of land use from a 

perspective of economic development. 

2.5. Climate change 

The Intergovernmental Panel on Climate Change Assessment Reports (IPCC, 2014) has 

projected more frequent and severe flood and drought episodes for the African continent. The 

watershed is characterised by a strong variable climate throughout its countries, some receive 

larger amounts of rainfall while others are presented with higher aridity. Seasons are also very 

distinguishable by precipitation and temperature. Projections dictate a stronger sense of 

seasonality in the interior regions of the basin while temperatures are expected to increase up 

to 4 ̊ C in most countries. Regarding precipitation, drier months of June to August are projected, 

while the rest of the year is expected to experience increases of 5 mm/day and even 8 mm/day 

from December to February. Remnants of drier climate can prolong to September-November 
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in the basin, except for the north-western areas, such as Angola (Schlosser and Strzepek, 2015). 

Climate change effects are expected to produce severe alterations in the current situation 

affecting crop production, disturbing fish production and agriculture and the alteration of 

wetland and ecosystems. 

2.6. Floods and droughts 

The Zambezi region presents several high-risk flooding areas. IPCC (2009) has forecasted an 

intensification of cyclone features, increase in wind speeds and heavier rainfall discharges due 

to the increase in tropical sea surface temperature. The upstream area of the Zambezi river is 

prone to flooding in the northern parts of Angola and western Zambia. Namibia and Botswana 

also share high risk flooding land. Zambia and Mozambique have the largest flooding area due 

to the Kafue flats and lower Shire region (Zambezi Watercourse Commission, 2017). 

Moreover, the more prone areas to experience dry periods are some of the same that present 

high flooding risk. Northern Angola and Zambia, as well as southern Tanzania and Malawi and 

southern Mozambique also present the highest frequency of being affected by droughts 

(ZAMCOM, 2016). Movement of air masses connected to the Inter Tropical Convergence 

Zone and, thus changes in ocean temperature are rather important in the occurrence of any of 

these extreme scenarios. Even though the region experiences these events occasionally, the 

variability and intensity have increased over the last 50 years (Stringer et al., 2009).  

2.7. Groundwater resources 

Groundwater is a vital resource extracted from aquifers for water consumption. In the Zambezi 

River Basin, most of the rural population obtains water for household use from shallow wells 

and boreholes around the region. It also sustains the river base flow throughout the driest 

periods of the year. Nevertheless, information regarding groundwater resources is difficult to 

obtain in this area and no further considerations have been examined in this study.  

2.8. Lack of agreement on sharing of water resources 

The Zambezi River Basin provides essential water resources to eight countries in southern 

Africa (Angola, Botswana, Malawi, Mozambique, Namibia, Tanzania, Zambia and 

Zimbabwe). Multiple and competing interests from these countries have led to difficulties for 

them to formally agree to equitable water resources allocation. In addition, numerous issues 

have added difficulty to reaching an agreement, starting with lack of time, money and attention 

required to solve other existing issues, legal and economic constraints and poor training, data 

collection and communication. Zambia and Zimbabwe were the first countries to build an 

agreement, named The Zambezi River Authority (ZRA), which functions include the operation, 

monitoring and maintenance of the Kariba and Victoria Falls hydropower stations (Kirchhoff 

and Bulkley, 2008). Until 2014 there was not any established formal organization that brought 

all countries together in agreement for the management of the watershed. The Zambezi 

Watercourse Commission (ZAMCOM) was then formed as an intergovernmental institution 

with a clear objective “to promote the equitable and reasonable utilization of the water 

resources of the Zambezi Watercourse as well as the efficient management and sustainable 

development thereof” (ZAMCOM, 2000). In September 2017, at the second Zambezi 

Watercourse Commission Stakeholders´ Forum in Lusaka, Zambia it was remarked the 
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importance of a better basin management as a priority and not an option due to the challenges 

the watershed will face. It was also highlighted the role water resources play in the social and 

economic development of the countries involved without ignoring the significance natural 

ecosystems, which should not be compromised.  

2.9. Uncertainty 

Lack of data contribution between all eight countries in the basin causes gaps of climatic 

information for the overall region. Some countries have collected hydrological data for multiple 

years, while others do not possess the tools to maintain them or to make use of them. Political 

conflicts have also affected the functionality of some of these sensors and many are not 

currently working. Interrupted data sets and temporal gaps of data collection cause a lack of 

precision in the outcome of any research. In addition, sharing information does not seem a 

particularly easy task for these riparian countries and, therefore, it is a challenge to create an 

integrated database with information collected by all eight states. 

Moreover, uncertainty is an integral aspect of climate change projections, and results from 

natural variability, scenario and model uncertainty, the latter of which concerns how the 

dynamics of the climate system actually operate (Deser et al., 2012). While in the water cycle 

the total amount of water is constant throughout time, its spatially distribution is not. Changes 

in climate vary the pattern of precipitation events and increases in temperature cause larger 

evapotranspiration leaving the area with less available fresh surface water resources. These 

changes in precipitation patterns are extremely difficult to model for decades ahead and the 

uncertainties involved provide unreliable outcomes, a problem that is out of the scope of this 

research. Population growth rates can vary substantially when studying periods in the future 

(Meyer et al., 1986), and expansion in irrigation arable land is promoted by political and 

economic interests. Both factors contain great uncertainty by themselves, however, combined 

it is even higher. Nevertheless, this study intends to perform future scenarios while 

acknowledging this lack of certainty.  

2.10. Demand sources 
When assessing water resources management, it is necessary to evaluate both the available 

resources and the demands of the region. By assigning surface water as available resources and 

accounting for the demands from the major water user sectors in the basin, a simple approach 

to assess whether the basin has the capacity to supply the demands is performed. In Table 1 it 

is shown the available runoff generated in the basin along with the multiple water demands 

from several economic activities, such as hydropower through reservoir evaporation, 

agriculture and mining, and domestic consumption and environmental releases. Presenting an 

approximated available runoff of 103 km3 per year, the basin is capable of delivering 

satisfactorily the historical demands, which account for an estimated amount of 21 km3. The 

largest water consumer sectors are hydropower plants through reservoir evaporation, irrigation 

for agriculture and urban domestic supply with 16.46, 3.13 and 0.17% of the available runoff 

respectively. These sectors are the focus of this study as the scope considers management of 

water resources in the Energy-Food-Water nexus. Environmental releases values are higher 

than domestic consumption values, however, they are not in the scope of this study (Spalding-

Fletcher et al., 2014). 
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Table 1. Sources of runoff demand in the Zambezi River Basin  (Euroconsult Mott Macdonald, 2008) except water demand 

for irrigated agriculture which is taken from the World Bank, (2010a) 

 
KM3 % 

AVAILABLE RUNOFF 103.2*100 100.00 

HYDROPOWER (EVAPORATION) 17.0*100 16.46 

AGRICULTURE 3.2*100 3.13 

URBAN DOMESTIC CONSUMPTION 1.8*10-1 0.17 

RURAL DOMESTIC CONSUMPTION 2.4*10-2 0.02 

INDUSTRIAL CONSUMPTION 2.5*10-2 0.02 

MINING 1.2*10-1 0.12 

ENVIRONMENTAL RELEASES 1.2*100 1.16 

LIVESTOCK 1.1*10-1 0.11 

TOTAL WATER DEMAND 21.9*100 21.19 

 

2.10.1. Hydropower 

Hydropower generation is a cleaner approach to electricity production than many of the most 

common energy generation practises, and is an important factor in contributing towards a low-

carbon emission economy. This activity is dependent on the flow of the river which can vary 

greatly from wet to dry seasons, however, it also alters the flow regime of the river which 

potentially implicates severe environmental issues, such as the blockage of fish migration and 

collection of sediments vital for the protection of the river channel. In addition, large amounts 

of water are evaporated from the large storage reservoirs for hydropower stations.  

There are several hydropower stations throughout the Zambezi river and its tributaries. Some 

are run-of-river plants, in which the water flows through the station without any storage, and 

others are impoundment plants, which store large amounts of water in their reservoirs. The 

storage of water in reservoirs serve also as to accumulate water during the wet season for water 

supply in the dry period. Among the numerous hydropower reservoirs in the basin, the Kariba 

lake, Cahora Bassa and Itezhi-Tezhi have the capacity to significantly regulate the annual river 

flows with a potential storage of 185, 52 and 6 km3 respectively (Euroconsult Mott Macdonald, 

2007).  

Table 2. Surface area and annual evaporation from the major reservoirs in the Zambezi River Basin (Euroconsult Mott 

Macdonald, 2007) 

 

RESERVOIR 
SURFACE 

AREA (KM2) 

ANNUAL 

EVAPORATION (KM3) 

 

% 

CAHORA BASSA 2,660 5.8*100 34.1 

ITEZHI-TEZHI 392 6.6*10-1 3.9 

KAFUE GORGE 800 1.5*100 8.7 

KARIBA 5,577 8.9*100 52.5 

TOTAL 9,429 16.9*100 99.2 

 

In table 2, the previously mentioned hydropower reservoirs are listed along with their 

respective annual evaporation with the addition of Kafue Gorge, a reservoir in which another 

hydropower station will be installed in the following years in the Kafue river. The Kariba and 
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Cahora Bassa reservoirs are the largest hydropower open water bodies from which most 

evaporation arises in the region. The total evaporation has been approximated to almost 17 

km3, with more than half of it accounted for by the Kariba reservoir. Lake 

Malawi/Niassa/Nyasa is in fact the largest open water body in the basin with a surface area of 

29,600 km2, however, there is no hydropower station linked to the lake and thus it is not in the 

scope of this study. 

2.10.2. Agriculture 

70% of the population in the Zambezi River Basin live from agriculture and it accounts for 

approximately 24% of the GDP for the region, with great variability for each country. Rain-

fed and flood dependent agriculture is the most abundant type of crop cultivation. It has been 

approximated that an area of nearly 52,000 km2 is used for agriculture in the basin, with 

Zimbabwe, Zambia and Malawi being the largest contributors, with 56, 76 and 90% of their 

country´s area inside the watershed, respectively (The World Bank, 2010b). Thus, agriculture 

is vital for social and economic growth of the region.  

Three types of farming have been recognised by the World Bank: home consumption 

traditional agriculture, emerging farming marketable for industries and own consumption, and 

commercial cropping mostly for sale. Most crops in the region are cultivated twice a year, while 

there are some areas in which cultivation is perennial. During the wet season (November to 

April) rainfall accounts for most of the water supply, and in the dry season (April to October), 

irrigation provides the majority of needed water (The World Bank, 2008). Table 3 shows the 

cultivated area, irrigated area and water use for irrigation per country. 

Table 3. Cultivated, irrigated area and respective water use for each country (The World Bank, 2010b)  

COUNTRY CULTIVATED 

AREA (KM2) 

IRRIGATED 

AREA (KM2) 

WATER USE FOR 

IRRIGATION (KM3) 

ANGOLA 920 61 8.0*10-2 

BOTSWANA 10 0 0.0*100 

MALAWI 19,030 378 4.9*10-1 

MOZAMBIQUE 4,210 84 1.3*10-1 

NAMIBIA 150 1 1.0*10-2 

TANZANIA 2,510 231 1.5*10-1 

ZAMBIA 11,540 747 8.8*10-1 

ZIMBABWE 13,680 1,087 1.5*100 

TOTAL 52,050 2,590 3.2*100 

2.10.3 Population 

As found in The World Bank analysis, (The World Bank, 2010b) the population in the basin 

was approximately 30 million for the years 2005-2006 of which circa 7.5 million live in bigger 

cities, as divided per country in Table 4. The share of rural population ranges from 50% in 

Zambia to 85% in Malawi, therefore, it has been assessed that overall 75% live in rural areas 

while the other 25% of the total population live in the main urban areas (Euroconsult Mott 

Macdonald, 2007). The basin covers most of Malawi, thus most of its population is accounted 

for. Zambia and Zimbabwe have the biggest area shares inside the basin, therefore, their 

population in the watershed are also substantial with approximately 7.5 million each. 
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Table 4. Population per country inside the basin for the years 2005-2006 (The World Bank, 2010b)   

COUNTRY POPULATION % 

ANGOLA 532,000 1.8 

BOTSWANA 17,000 0.1 

MALAWI 10,281,000 34.3 

MOZAMBIQUE 2,616,000 8.7 

NAMIBIA 112,000 0.4 

TANZANIA 1,240,000 4.1 

ZAMBIA 7,568,000 25.3 

ZIMBABWE 7,603,000 25.4 

TOTAL 29,969,000 100.0 

The daily water allocation per capita also differs between urban and rural areas. It is estimated 

that the urban daily water allocation per capita is 70 litres, while 20 litres are estimated for the 

rural population. Another statement assumed is that for urban centres, 90% of that water use 

comes from surface water, and the rest from groundwater sources. As for rural allocation, 15% 

has been estimated to come from surface water and 85% from groundwater resources 

(Euroconsult Mott Macdonald, 2007). The extraction of groundwater resources reduces the 

direct withdrawal of surface water from the Zambezi river and its tributaries, although 

groundwater recharges river flows during dry periods which must be acknowledged. The 

approximations in population among urban and rural areas together with their daily 

consumption, their percentages from surface water and the total annual consumption are shown 

in the following Table 5: 

Table 5. Urban and rural annual water consumption (The World Bank, 2010b) 

 
 

POPULATION 

DAILY 

CONSUMPTION PER 

CAPITA (LITRES) 

% FROM 

SURFACE 

WATER 

TOTAL 

CONSUMPTION 

(KM3) 

URBAN 7,602,200 70 90 1.8*10-1 

RURAL 22,366,800 20 15 3.0*10-2 

 

2.10.4 Environmental flows 

When allocations are assessed, environmental flows are often undervalued and assigned low 

values, also disregarding high river flows. Thus, attempting to simulate natural river flows is 

an extremely complex task that will not be reviewed in this study, however, it is vital to discuss 

why it ought to be acknowledged. Environmental flows are key to long-term sustainability of 

the area ensuring the continuation of ecological and social benefits derived from them. 

Furthermore, in the attempt of providing sustainable water resources management, these fluxes 

assist the welfare of freshwater ecosystems and out-of-stream extractions generating 

advantages to both social and economic systems (Richter, 2009). There is a need for systematic 

approaches to determine requisites regarding environmental flows on both social and natural 

aspects as well as the collaboration concerning political and environmental systems (Pahl-

Wostl et al., 2013). Floodplains and estuarine systems contribute to the sustainable 

development of their areas, whereas heavily controlled river discharges do not provide the 

hydrologic variability necessary for healthy natural ecosystems. 
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3. Methods 
In this segment, the methods and procedures employed to perform the research of this report 

are presented and explained. Climate data was processed to perform the water balance method 

and calculate runoff for the historical and projected scenarios. These runoff results were then 

compared with other sources of discharge data to assess the validity of the results obtained. 

Moreover, evapotranspiration was also re-calculated in comparison with the gathered 

climatological data for the future projections. Lastly, it is explained how the projected water 

consumptions were approximated and the assumptions made for this calculation.  

The representation of the watershed of the Zambezi river was performed using ArcMap 10.5. 

The delineation provides the area within which all the precipitation that falls ends up in the 

outlet point, which in this case is the Indian Ocean, and was executed with a digital elevation 

model (DEM) of southern Africa, obtained from available data from The United States 

Geological Survey, Department of the Interior. In addition, the Zambezi watershed was divided 

by each of the countries´ respective areas by digitalising the boarders of each country and the 

delineation of the watershed, as displayed in Map 2.  

 

Map 2. Map of the area of each country inside the Zambezi River Basin 

3.1. Climate data 
The available water resources refer to the amount of water produced in a specific area based 

on the precipitation and an outlet point at which the water exits. It is commonly quantified as 

a volume per time or equivalent depth of water throughout the basin. In addition, it can also be 

represented by the flow of a stream through a determined period of time. To fully assess water 
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resource availability for each country, separate information from all countries were needed. To 

this end, data were requested from all eight countries, however, after several contacts, only 

Mozambique provided the requested data. Therefore, the water resources assessment was 

performed by the water balance approach with data derived from climate gridded datasets. For 

the purpose of estimating the available water resources in the basin, precipitation, runoff, 

evapotranspiration and temporal storage were needed to perform the water balances (Ward, 

1967). 

3.1.1. Historical 

Climate datasets offer data of climate parameters recorded at multiple stations throughout the 

world and interpolated values between spatially separated working stations. They often provide 

data collected in long-term periods. The Willmott and Matsuura dataset offers climate data in 

form of grids starting from the year 1900. When considering recent climate conditions, the 

period between 1950 to 1999 was designated as the basis for the historical climatological state 

for this assessment. Thus, long-term monthly mean precipitation, temperature and 

evapotranspiration records were obtained for this period from the Willmott and Matsuura 

dataset (Willmott & Matsuura, 2001a; Willmott & Matsuura, 2001b). Temperature and 

precipitation data were also acquired through the Climate Change Portal, run by The World 

Bank, for all countries involved in the basin for that same period of time. However, as the data 

from the World Bank reflect the mean for the entire country, the gridded dataset information 

was divided by the area of each country and designated as reference for this assessment.  

To estimate the water resources available in each of the countries´ areas inside the Zambezi 

River Basin, the runoff was estimated by the following procedure. First, gridded data were 

downloaded from the Willmott and Matsuura climate database, selecting temperature, 

precipitation and actual evapotranspiration parameters for long-term (1950-1999) means. 

Then, to estimate R, the water balance equation was used: 

𝑃 = 𝑅 + 𝐸𝑇 + 𝛥𝑆      Equation 1 

where P is the precipitation, R is the runoff, ET actual evapotranspiration and ΔS the change 

in storage. As is commonly done when studying long periods of time, change in storage was 

assumed to be near zero and was therefore neglected. Applying this formula to the climate data 

grids of the basin, runoff was estimated by the difference between P and ET. 

3.1.2. Projected RCP scenarios 

The Climate Change Portal provides different scenario projections based on the results 

obtained through different Global Circulation Models (physically based models of climate 

change). From this dataset, projection values for precipitation and temperature parameters for 

the period 2060-2099 were gathered. These climate data offer long-term monthly values for 

both parameters for all countries in the watershed. Considering that the share of area of each 

country inside the Zambezi River Basin vary substantially, entire country mean values were 

not the best representation for this basin study. Therefore, the changes between the projected 

and the historical data for each country were taken as reference and used for this research 

adding them to the historical data from Willmott and Matsuura to obtain climate projections.  
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In regards to the future climate change projections, two Representative Concentration 

Pathways (RCP) were considered. RCP 8.5 is characterized by continuously increasing 

greenhouse emissions, selected as the high-emission scenario; and RCP 2.6, which considers a 

peak in greenhouse emissions followed by a decrease in the emissions, as the low-emission 

scenario. The variation in temperature for the two projected RCP scenarios is based on the 

temperature projections published in the Climate Change Knowledge Portal run by the World 

Bank for each individual country in the basin. These projections have been performed by 

multiple climate models, from which the ensemble mean was calculated and that difference 

was added to the historical data to obtain projection values. As for the variation in precipitation 

for the two projected RCP scenarios, it was also based on the precipitation projections 

published in the Climate Change Knowledge Portal. These projections performed by multiple 

climate models were used to calculate the ensemble mean and that percentage difference was 

added to the historical data to obtain the projection values. Furthermore, a linear variation in 

evapotranspiration has been considered in this study based solely on changes in temperature. 

By calculating the actual evapotranspiration with the Thornthwaite method for the historical 

situation and both RCP scenarios based on the different temperatures for each scenario, the 

percentage difference was then applied to the historical data. 

3.2. Runoff data 
Initially, discharge data across the Zambezi river and its tributaries were aimed to be gathered 

to study the available water resources in the basin, however, the desired data were not 

accessible and the direction shifted towards the water balance method. Nevertheless, some 

discharge data for certain stations across the Zambezi river were acquired, for which a 

comparison with the runoff water balance results has been performed.  

Table 6. Hydrological station source and start date 

 

NAME 

 

SOURCE 

START DATE 

(MM/DD/YY) 

CAIA ARA-Zambeze 01/10/96 

KALENI GRDC 10/01/77 

KATIMA GRDC 01/01/43 

LUKULU GRDC 10/01/50 

MATUNDO GRDC 10/01/60 

NGEZI GRDC 1001//48 

SENANGA GRDC 11/01/47 

TETE ARA-Zambeze 01/10/79 

VICTORIA GRDC 10/01/69 

 

Nine discharge stations across the Zambezi River Basin were considered for the runoff 

comparison: Caia, Kaleni, Katima, Lukulu, Matundo, Ngezi, Senanga, Tete and Victoria. They 

were obtained from The Global Runoff Data Centre (GRDC), an international data centre 

running under the World Meteorological Organization (WMO), and ARA-Zambeze, The 

Regional Administration of water of the Zambezi, Mozambique. Every hydrological station 
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presented a different start date for the collection of its records, the earliest being in January 

1943 and the latest Caia in January 1996, summarised in Table 6. Every station presented one 

daily measurement for the exception of Caia and Tete, which had three daily measurements, 

and their delineation is represented in Map 3. These stations discharge data were used to assess 

whether the estimations obtained by the water balance approach matched and could be utilised. 

Due to interrupted missing discharge data from these sources, they were not used for runoff 

calculations. 

 

Map 3. Map of the hydrological stations and their respective sub-watersheds  

Accordingly, long-term monthly runoff averages for the period 1950-1999 were calculated by 

the water balance method from Willmott and Matssuura data. In addition, long-term monthly 

average runoff gridded data were collected from The University of New Hampshire (UNH) 

and GRDC joint program (Fekete, Vörösmarty and Grabs, 2018). An evaluation comparing the 

runoff data provided by GRDC, monthly gridded data by UNH-GRDC, and the outcomes from 

the water balances was then carried out. 

3.3. Evapotranspiration 
Aside from the actual evapotranspiration data gathered from Willmott and Matsuura, actual 

evapotranspiration for the 1950-1999 historical period was calculated following the 

Thornthwaite equation of potential evapotranspiration (Thornthwaite, 1954). This was also 

performed for the two projected RCP scenarios based on the temperature projections. Then, 

based on the relationship between historical Thornthwaite values and evapotranspiration data 

from Willmott and Matsuura, evapotranspiration projections were calculated accounting for 

the projected temperatures. Moreover, a correction factor based on the latitude and the time of 
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the year was needed to convert potential to actual evapotranspiration. The method used is 

presented by the following equations: 

𝑃𝐸𝑇 = 0.533 ∗ 𝑛 ∗
𝑆0

12
∗ (10 ∗

𝑇

𝐽
) ^𝑎    Equation 2 

where PET is the monthly potential evapotranspiration, n is the number of days of each interval, 

S0 is the daily mean possible sunshine duration of each interval in hours, T is the interval mean 

air temperature in ͦ C, J the sum of monthly warmth indexes: 

𝐽 = (𝑇/5)^1.514      Equation 3 

and a is a parameter dependent on the sum of monthly warmth indexes: 

𝑎 = (0.067 ∗ 𝐽3 − 7.71 ∗ 𝐽2 + 1,792 ∗ 𝐽 + 49,239) ∗ 10−5  Equation 4 

Once PET was calculated following Thornthwaite formula, the actual evapotranspiration was 

obtained multiplying PET by a correction factor f dependent on the latitude of the studied area 

(Baisch et al., 2018) and the month selected: 

𝐸𝑇 = 𝑃𝐸𝑇 ∗ 𝑓       Equation 5 

For the correction factor dependency on latitude, the centroid of each of the countries´ areas 

that within the basin were selected, represented in Map 2. The coordinates of these centroids 

are summarised in Table 7. 

Table 7. Coordinates for all countries´ centroids chosen for the selection of the correction factor f 

COUNTRY LATITUDE LONGITUDE 

ANGOLA -14.46386111 21.23472222 

BOTSWANA -18.33111667 23.66583333 

MALAWI -13.24904444 34.31416667 

MOZAMBIQUE -16.42991667 33.45 

NAMIBIA -17.98528889 23.42 

TANZANIA -10.28105556 34.41111111 

ZAMBIA -13.84601389 27.88444444 

ZIMBABWE -18.055125 29.11083333 

 

The centroids considered together with the number of possible sunshine hours for each country, 

(ClimaTemps.com, 2018) were used to calculate the correction factor. 

For a further annual mean basis analysis of the actual evapotranspiration, Turc equation for 

actual evapotranspiration was used to compared the Thornthwaite results following the formula 

(Turc, 1961): 

𝐸𝑇 =
𝑃

√0.9+
𝑃2

𝐿(𝑡)2

       Equation 6 

where ET is the annual actual evapotranspiration, P is the annual precipitation and L(t) is 

obtained as: 
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𝐿(𝑡) = 300 + 25 ∗ 𝑡 + 0.05 ∗ 𝑡3    Equation 7 

where t is the mean annual air temperature in degrees Celsius. Also, there is a condition that 

needs to be considered when proceeding with this method: 

𝐸𝑇 = 𝑃 when 
𝑃2

𝐿(𝑡)2
< 0.1     Equation 8 

3.4. Water consumption 
Along with social and economic development, water consumption is expected to grow 

significantly. Firstly, evaporation from hydropower reservoirs has been projected based on the 

average increase in evapotranspiration between historical and both RCP scenarios for the entire 

basin. Therefore, two scenarios have been calculated considering low or high greenhouse 

emissions for the four main hydropower reservoirs, disregarding scheduled new hydropower 

infrastructure. Values for the historical evaporation from the storage reservoirs have been 

obtained from the Rapid Assessment- Final Report drafted by the SADC-WD/Zambezi River 

Authority (Euroconsult Mott Macdonald, 2007). The increase in evaporation from storage 

reservoirs has been assumed to be 5% for the projected RCP 2.6 scenario and 15% for the RCP 

8.5 situation from the historical reservoir evaporation values. 

Secondly, projections on future irrigated area and corresponding water usage were calculated 

based on historical and potential irrigated area in the assessment for Sustainable agriculture 

water development Zambezi River Basin published by The World Bank (The World Bank, 

2008). Based on the historical irrigated area and its respective water use, and assuming that the 

projections made in the World Bank report for the year 2020 would continue at the same pace, 

a linear increase rate was used to extend the projection until the period 2060-2099, yielding a 

considerable uncertainty for these values.  

In order to calculate the population for the projected RCP 2.6 and 8.5 scenarios for the period 

2060-2099, growth rates projected by the United Nations Population Division for all countries 

in the basin have been considered. In addition, for the purpose of projecting the proportion of 

population in urban and rural areas, a linear variation based on the World Bank projection for 

2020 has been utilised, as population is expected to migrate towards bigger cities. Finally, 

domestic water allocations have been projected based on the projected population growth 

estimated by the United Nations Population Division for the countries inside the basin. 

Considering the percentage of population inside the basin of each country and the distribution 

of that population between urban and rural areas, an approximation of future domestic 

consumption was performed. However, as the region economically develops, higher living 

standards might be expected which require larger water allocations per capita. 
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4. Results 
This section presents the results obtained by the water balances for the historical and projected 

RCP 2.6 and 8.5 scenarios. Due to the similarity in results among the eight countries, values 

are first only shown for the country of Angola, as an example of pattern that generally hold for 

all countries. The monthly average monthly actual evapotranspiration and temperature, and 

runoff and precipitation values for the historical period of 1950-1999 and the projected RCP 

scenarios 2.6 and 8.5, are shown under section 4.1. The seven other countries´ monthly results 

are presented in the Appendix. Then, mean annual values for precipitation, runoff and 

evapotranspiration for the three scenarios are displayed for all eight countries. A comparison 

of discharge data for several hydrological stations is also presented in this section. After that, 

water demand results for both the historic and RCP scenarios on hydropower evaporation, 

irrigation and population water supply consumptions are displayed separately. Lastly, section 

4.4 presents a summary of the water resources available, water demands and the water left after 

satisfying the demands for each scenario. 

4.1. Water balance 

In this section of the results, the main three parameters of the water balance approach, 

precipitation, actual evapotranspiration and runoff, and temperature are presented for the 

historical and two projected RCP scenarios. First mean monthly outcomes are displayed 

followed by the annual averages per country and, lastly, overall basin results. 

 

Figure 4. Angola´s historical and projected actual evapotranspiration and temperature parameters. Vertical bars symbolise 

mean monthly actual evapotranspiration values while horizontal lines represent average monthly temperature values. 

Historical data is represented by the colour orange, projected RCP 2.6 scenario in red and projected RCP 8.5 in purple. 
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Considering Angola as reference for the countries in the basin, results for the variation of 

temperature between the historical period of 1950-1999 and the projected RCP scenarios show 

a consistent increase throughout the year. Figure 4 shows that the month presenting the largest 

difference in temperature in comparison to the historical data is July, in which temperature is 

expected to increase 3.9 and 6.6 ̊ C for RCP 2.6 and 8.5, respectively. A similar peak occurs 

during the period June to September for all countries in the watershed. Figure 4 also displays 

results showing larger differences in actual evapotranspiration during the wet period (October 

to March) due to the fact that available water is larger. December shows the largest increase in 

monthly evapotranspiration comparing the historical and projected scenarios results, with 

approximately 6 and 16 mm, respectively.  

 

Figure 5. Angola´s historical and projected runoff and precipitation parameters. Vertical bars symbolise mean monthly runoff 

values while horizontal lines represent average monthly precipitation values. Historical data is represented by the colour light 

blue, projected RCP 2.6 scenario in bright blue and projected RCP 8.5 in dark blue 

Figure 5 presents the water balance parameters precipitation and runoff results for the country 

of Angola. These two parameters seem to be the most variable parameters among the water 

balance factors, with precipitation displaying the highest increase in the wet period (December 

to March) and the lowest variation during the driest time of the year (April to October). Runoff 

also presents an overall increase compared to the historic situation for the low-emission 

scenario (RCP 2.6) while the high-emission scenario (8.5) shows lower values than the low-

emission situation. However, when precipitation is almost zero, as a result of higher 

evapotranspiration, available runoff shows lower values than the historical scenario. Individual 

water balance parameter results for the rest of the countries in the watershed are attached in the 

Appendix. 
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The following three graphs, Figures 6, 7 and 8, present annual precipitation, actual 

evapotranspiration and runoff results for all eight countries for the three scenarios studied. First, 

the green bars represent the historical 1950-1999 period, red bars characterise the projected 

RCP 2.6 or low-emission scenario, and lastly, dark blue bars symbolise the results for the 

projected RCP 8.5 or high-emission scenario. 

 

Figure 6. Annual precipitation values for all eight countries in the Zambezi basin. Green bars represent the historical 1950-

1999 scenario; red bars characterize the projected RCP 2.6 scenario and blue bars symbolize projected RCP 8.5 scenario 

 
Figure 7. Annual actual evapotranspiration values for all eight countries in the Zambezi basin. Green bars represent the 

historical 1950-1999 scenario; red bars characterize the projected RCP 2.6 scenario and blue bars symbolize projected RCP 

8.5 scenario. 
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Observing precipitation results in Figure 6, projected RCP 2.6 or the low-emission situation 

presents higher values for all countries compared to the historical situation, with clearest 

projected increases for Angola, Botswana and Namibia. The largest increase in monthly rainfall 

is shown in Botswana, in the month of December with 117 and 98 mm for RCP 2.6 and 8.5 

respectively and also presents the biggest rise in annual precipitation with 443 and 353 mm for 

each scenario, compared to the historical situation. In contrast, largely unchanged or decreased 

precipitation projected values for Malawi and Mozambique are also shown. In addition, 

Botswana, Namibia and Zimbabwe display the lowest historical precipitation values and 

scenario projections possibly reaching 1,000 mm/year for the low-emission scenario.  

Annual actual evapotranspiration results are shown in Figure 7, which presents Malawi as the 

country with the highest values, closely followed by Mozambique. Botswana and Namibia 

values are yet again the lowest due to a lower precipitation activity. It is also appreciated that 

evapotranspiration values for all countries across the basin are of similar magnitude. The 

maximum variation of evapotranspiration between countries is approximately 200 mm, which 

is the lowest difference of all studied water balance parameters. 

 

Figure 8. Annual runoff values for all eight countries in the Zambezi basin. Green bars represent the historical 1950-1999 

scenario; red bars characterize the projected RCP 2.6 scenario and blue bars symbolize projected RCP 8.5 scenario. 

Figure 8 presents runoff results for all eight countries, with Tanzania as the country with clearly 

the highest runoff generation in the Zambezi River Basin. Projections show an increase in both 

future RCP scenarios in most of the countries: Angola, Botswana, Namibia, Tanzania, Zambia 

and Zimbabwe. In contrast, Malawi and Mozambique runoff generation is projected to decrease 

for both RCP scenarios in the annual average results. Projected RCP 8.5 situation results show 

lower values in runoff in comparison with low-emission scenario RCP 2.6 in all countries, with 

the exception of Tanzania, where the difference is almost unnoticeable. For Mozambique, there 
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is even a negative runoff availability for projected RCP 8.5 situation, which indicates a 

probable water scarcity issue in the Zambezi basin part of the country. 

 

Figure 9. Annual area weighted precipitation, runoff and actual evapotranspiration, and mean temperature for the entire 

Zambezi basin for the three studied scenarios. Vertical green bars represent precipitation values, red vertical bars 

characterise runoff, blue vertical bars symbolise actual evapotranspiration and the horizontal orange line represent the mean 

watershed temperature for all situations 

Figure 9 presents the annual area weighted precipitation, actual evapotranspiration and runoff, 

plus the average temperature for the entire Zambezi basin for all three scenarios. RCP 2.6, 

which represents the low-emission scenario, exhibits an annual increase in precipitation of 

approximately 160 mm, 40 mm in actual evapotranspiration, almost 120 mm in runoff, and 1.6 ̊ 

C in average temperature. RCP 8.5, corresponding to the high-emission scenario, presents also 

annual increases throughout all factors, approximately 125 mm in precipitation, 115 mm in 

evapotranspiration, 13 mm in runoff and more than 4.3 ̊ C in average temperature for the entire 

basin. RCP 8.5 situation projects a larger increase in temperature and evapotranspiration and a 

lower input of fresh water resources than the projected RCP 2.6 scenario, while the latter 

suggests more available water resources for the basin, regardless of still experiencing increases 

in temperature and evapotranspiration.  

Table 8 presents the values of annual precipitation, actual evapotranspiration and runoff shown 

in Figure 9 converted to km3 for comparison with the water demands, which are imparted on 

this results unit further ahead. 

Table 8. Sum of annual precipitation, evapotranspiration and runoff values in km3for historical and projected RCP 2.6 and 

8.5 scenarios 

(KM3) HISTORICAL RCP 2.6 RCP 8.5 

PRECIPITATION 1,275 1,488 1,444 

EVAPOTRANSPIRATION 988 1,044 1,144 

RUNOFF 287 445 304 
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4.2. Runoff data 

In this second subdivision of the results, a comparison of the different monthly runoff data 

sources is presented per hydrological station. It is important to consider that the institutional 

provided data, both from GRDC and ARA-Zambeze present different collection start dates 

which can cause variability in the results, as stated in the methods section. Caia and Tete are 

the stations for which discharge data was provided by ARA-Zambeze, while the rest of the 

stations´ runoff records were provided by GRDC. 

Figure 10 displays the monthly mean runoff values for the discharge measuring station located 

at Caia, Mozambique, which represents the most downstream gauge station of all of them. It is 

also situated where the discharge from the Lake Malawi is added to the Zambezi stream. The 

discharge data provided by ARA-Zambeze appears to follow the same trend line as the one 

provided by the UNH-GRDC joint program, however, their values are in average 

approximately 35 mm higher per month. In this station, the historical results from the water 

balance do not resemble similarities to any of the other two sources, however, its annual 

summation is of similar magnitude to the UNH-GRDC data. The historical data also provides 

more variability throughout the year compared to the other two sources of information with 

higher values during the December-February months. 

 

Figure 10. Caia station comparison of discharge data. Blue line represents discharge data provided by ARA-Zambeze, red 

line characterises discharge obtained by historical water balance results and green line symbolises data gathered by UNH-

GRDC joint program 

Graph 11 represents the discharge monthly values for the most upstream station Kaleni, at the 

beginning of the Zambezi river. The blue line, which shows the discharge values provided by 

GRDC at the most upstream station, presents higher values during the wet period (October to 

April) which correlates to the historical calculated results, represented by the red line. Even 

though both lines follow a similar trend line, there is an approximated factor in difference of 4 

between the blue and red lines. On the other hand, the data gathered from the UNH-GRDC 

joint program shows similar values to the ones obtained by the water balance approach, as the 
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historical results are displayed by the red line. The annual sum of these last two data sources 

provide alike results, while the historical data presents more variability throughout the year 

compared to the UNH-GRDC runoff information. 

 

Figure 11. Kaleni station comparison of discharge data. Blue line represents discharge data provided by GRDC, red line 

characterises discharge obtained by historical water balance results and green line symbolises data gathered by UNH-GRDC 

joint program 

 

Figure 12. Katima station comparison of discharge data. Blue line represents discharge data provided by GRDC, red line 

characterises discharge obtained by historical water balance results and green line symbolises data gathered by UNH-GRDC 

joint program 

Figure 12 displays the three different sources of runoff data for the Katima hydrological station, 

the fourth most upstream. In this case the data provided by the GRDC organization, represented 

by the blue line, shows lower runoff values during most of the wet period (November to March) 
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while during the dry period, the line follows the data provided by the UNH-GRDC with higher 

values than the historical results. However, the historical outcomes present larger variability 

than the two other sources, with higher values during most of the wet period (October to 

March). As similarly to the previous comparisons, the sum of monthly runoff values by the 

historical and UNH-GRDC amount to similar quantities, while in this case these amounts are 

higher than the one gathered by the GRDC organization. 

 

Figure 13. Lukulu station comparison of discharge data. Blue line represents discharge data provided by GRDC, red line 

characterises discharge obtained by historical water balance results and green line symbolises data gathered by UNH-GRDC 

joint program 

Lukulu measuring station is the second most upstream in the river, situated downstream of 

Katima station. Figure 13 displays the monthly average discharge values for the three sources 

of data gathered. In accordance to Kaleni station, the records provided by GRDC show an 

overestimation of runoff values by an approximated factor of 3. Historical water balance result 

provides a more uneven distribution of annual runoff than UNH-GRDC values. Moreover, the 

sum of the monthly averages is comparable among the latter two sources.   

For this next station, represented in Figure 14, discharge data were provided by two institutions, 

ARA-Zambeze and GRDC. Tete represents the runoff records gathered from ARA-Zambeze, 

displayed as the blue line, and shows the clear most even line of all of them with lower values 

from December to August compared to the values exhibited by the purple line, which represents 

the data provided by GRDC. The latter shows higher monthly averages almost throughout the 

year in comparison with the other sources. Historical water balance calculations present the 

highest variability among the four runoff sources, with high values from December to February, 

and the lowest amounts of discharge from March to October. The UNH-GRDC data provide 

some unevenness between the wet and dry periods, with higher values from December to April 

and low values from May to November. 
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Figure 14. Matundo-Tete station comparison of discharge data. Blue line represents discharge data provided by ARA-

Zambeze, purple line represents the data provided by GRDC, the red line characterises discharge obtained by historical water 

balance results and green line symbolises data gathered by UNH-GRDC joint program 

Figure 15 presents the monthly discharge values for Ngezi station, which contributes with a 

small sub-watershed in Zimbabwe, as drawn in Map 3. From January to April, higher values 

are shown by the records provided by GRDC than the other two sources, while from April to 

November both GRDC and UNH-GRDC data look similar, close to zero. Historical discharge 

results show positive values from November to February and negative for the rest of the year.  

 

Figure 15. Ngezi station comparison of discharge data. Blue line represents discharge data provided by GRDC, red line 

characterises discharge obtained by historical water balance results and green line symbolises data gathered by UNH-GRDC 

joint program 

For the next station Senanga, located downstream of Lukulu and the third most upstream, the 

data provided by the GRDC institution shows higher overall values over the other two sources. 
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Figure 16 displays quite variable monthly runoff values for both GRDC and historical analyses 

for this station. The water balance results present higher values for the months of November to 

January, while GRDC data show higher monthly values for the rest of the year. As in 

accordance to the above described stations, historical and UNH-GRDC data sums to a similar 

annual amount, while institution provided data values are approximately 3-4 times higher. 

 

Figure 16. Senanga station comparison of discharge data. Blue line represents discharge data provided by GRDC, red line 

characterises discharge obtained by historical water balance results and green line symbolises data gathered by UNH-GRDC 

joint program 

This last measuring station is close to the Victoria Falls, and its runoff data is shown in Figure 

17. It follows a similar trend line to the previous stations, with the institution provided data 

presenting higher values than the other two sources. However, during the months August to 

November, all three show values in accordance, close to zero.  

 

Figure 17. Victoria station comparison of discharge data. Blue line represents discharge data provided by GRDC, red line 

characterises discharge obtained by historical water balance results and green line symbolises data gathered by UNH-GRDC 

joint program 
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4.3. Water demands 

In this third unit of the results, water resources demand´ calculations are presented for the 

historical and two projected RCP situations. It begins with the evaporation from the main 

hydropower reservoirs in the Zambezi River Basin, following irrigation allocations for 

agriculture and domestic population supply for both rural and urban areas.  

4.3.1. Hydropower evaporation 

Evaporation from open water reservoirs for hydropower generation is the largest water 

consumer in the basin, and its results are summarised in Table 9. The Kariba reservoir is 

responsible for more than half the reservoir evaporation of the entire basin, with around 9 km3 

of water evaporated, which based on projections it is expected to increase 0.47 km3 in scenario 

RCP 2.6 and 1.4 km3 in RCP 8.5 for the years 2060-2099. The second largest reservoir in the 

basin Cahora Bassa, with almost half the surface area of Kariba, currently experiences 5.8 km3 

of evaporation annually, and expected to augment 0.3 km3 in the first scenario and 0.88 km3 

for the high-emission scenario. The third biggest hydropower reservoir in the watershed is 

Itezhi-Tezhi which accounts for almost 4% of the surface water evaporation and its growth for 

the first scenario is 5% and 15% for the second. Kafue Gorge, an existing lake in Zambia in 

which another hydropower station will be installed soon, follows the same evaporation increase 

trend as Itezhi-Tezhi, potentially reaching 1.6 or 1.7 km3, depending on the climate conditions 

that are presented for the period 2060-2099.  

Table 9. Historical and projected evaporation from surface water bodies. Projected RCP 2.6 scenario shows an increase of 

5% for its evaporation while projected RCP 8.5 presents a 15% increase 

 

RESERVOIR 

HISTORICAL 

EVAPORATION 

(KM3) 

PROJECTED 

EVAPORATION 

RCP 2.6 (KM3) 

PROJECTED 

EVAPORATION 

RCP 8.5 (KM3)   
+ 5 % + 15 % 

CAHORA BASSA 5.8*100 6.1*100 (+3.0*10-1) 6.7*100 (+8.8*10-1) 

ITEZHI-TEZHI 6.6*10-1 7.0*10-1 (+3.0*10-2) 7.6*10-1 (+1.0*10-1) 

KAFUE GORGE 1.5*100 1.6*100 (+8.0*10-2) 1.7*100 (+2.2*10-1) 

KARIBA 8.9*100 9.4*100 (+4.7*10-1) 10.3*100 (+1.4*100) 

TOTAL 16.9*100 17.7*100 (+8.8*10-1) 19.4*100 (+2.6*100) 

 

Growth in evaporation through the existing hydropower station reservoirs is accounted for in 

Table 9, however, it does not consider the development of new hydropower electricity service 

stations. The total estimated increase in the already existing reservoirs for scenario RCP 2.6 is 

0.88 km3 and 2.56 km3 for RCP 8.5, with more than half generated in the Kariba lake. The 

historical annual evaporation in km3 for the major reservoirs in the Zambezi River Basin is 

presented in Figure 18, which highlights the large difference between all four water bodies. 
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Figure 18. Historical annual evaporation for the four major hydropower reservoirs in the Zambezi River Basin 

4.3.2. Irrigation 

Economic development in the basin requires an expansion of the historical irrigated land. The 

historical cultivated area in the Zambezi River Basin accounts for 52,000 km2, double the 

projected total irrigation surface for the period 2060-2099. The largest expansions in arable 

land appear to be in Botswana and Namibia, where the potential development is the highest. 

Angola, Mozambique and Zambia also have room for expansion in irrigated land surface. 

Malawi, Tanzania and Zimbabwe present the lowest projected expansion in irrigated area and 

the overall increase in irrigated arable area projected for the watershed is approximately a factor 

of 15. Malawi, Mozambique, Zambia and Zimbabwe present the major projected areas for 

irrigation agriculture with 6,717, 4,150, 10,012 and 4,227 km2, respectively, as summarised in 

Table 10.  With an expansion in irrigated land comes an increase in water usage. Zambia, with 

the largest irrigated area, will be the biggest water consumer with an approximated annual 10 

km3, and the annual total water usage for crop cultivation is projected to reach almost 29 km3, 

a significant increase from the historical 1.7 km3. 

Table 10. Projected irrigation expansion and water demand 

 

COUNTRY 

HISTORICAL 

IRRIGATED 

AREA 

WATER USE 

FOR 

IRRIGATION 

PROJECTED 

IRRIGATED 

AREA 

PROJECTED 

WATER USE FOR 

IRRIGATION 

 

FACTOR 

INCREASE 

 Km2 Km3 Km2 Km3  

ANGOLA 20 2.0*10-2 726 7.3*10-1 35.5 

BOTSWANA 0 0.0*100 14 1.0*10-2 345 

MALAWI 440 4.4*10-1 6,717 6.7*100 14.3 

MOZAMBIQUE 112 1.1*10-1 4,150 4.2*100 36.0 

NAMIBIA 1 0.0*100 72 7.0*10-2 50.5 

TANZANIA 91 9.0*10-2 944 9.4*10-1 9.4 

ZAMBIA 340 3.4*10-1 10,012 10.0*100 28.4 

ZIMBABWE 709 7.1*10-1 4,227 4.2*100 5.0 

TOTAL 1,713 1.7*100 26,862 26.9*100 
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4.3.3. Domestic water supply 

Population growth projections estimate the number of people living in the basin will reach 

almost 140 million for the period 2060-2099, as presented in Table 11. This population 

estimation is more than 4.5 times the one in 2005. Angola is the country with the biggest 

increase, almost 7 times the historical population. Moreover, Mozambique, Tanzania and 

Zambia will face a growth of between 5 and 6 times. Malawi is estimated to still be the largest 

country in the basin, population wise increasing from 10 to almost 50 million, and Zambia a 

close second with 32.3% of the entire population in the watershed closely reaching 45 million. 

Zimbabwe, which initially had a few thousands of people more than Zambia in the basin, is 

expected to be the third largest country providing 14% of the population. Botswana and 

Namibia present the lowest increase in population, the first barely doubles its population, and 

the second almost triples it. 

Table 11. Projected population per country and its respective share inside the basin 

 

 

 

 

 

 

 

 

The assumptions considered for the region population growth present a very large change in 

the distribution of people, a noticeable migration from rural to urban areas. From around 75% 

of the population living in rural areas to just 4% for the period of 2060-2099 is what the 

calculations show in Table 12. This causes a decrease in rural population from 22 million, 3 

times more than the urban, to 5.5 million, 0.04 times the projected urban population. Urban 

population is projected to grow from 25% to 96%, reaching more than 133 million people.  

The daily allocation per capita is also expected to increase to an average of 182.5 litres for 

urban regions and 57.5 litres for rural areas, as shown in Table 12. The annual water 

consumption is projected to reach 8 km3 from the historical 0.2 km3. A change in the percentage 

of water extraction from surface sources has not been considered in this study.  

Table 12. Projected population and its estimated water consumption for future scenarios 

 
 

POPULATION 

DAILY 

CONSUMPTION 

PER CAPITA (L) 

% FROM 

SURFACE 

WATER 

TOTAL 

CONSUMPTION 

(KM3) 

URBAN 133,475,688 182.5 90 8.0*100 

RURAL 5,561,487 57.5 15 1.8*10-2 

 

COUNTRY POPULATION % 

ANGOLA 3,586,441 2.58 

BOTSWANA 34,142 0.02 

MALAWI 49,650,523 35.71 

MOZAMBIQUE 13,522,512 9.73 

NAMIBIA 298,253 0.21 

TANZANIA 7,371,278 5.30 

ZAMBIA 44,873,872 32.27 

ZIMBABWE 19,700,154 14.17 

TOTAL 139,037,175 100.00 
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4.4. Scenario summary 

In this last subdivision of the results, the three scenarios are presented exhibiting their water 

availability, irrigation and population consumption, evaporation from large reservoirs in their 

countries and the water left for each country within the Zambezi River Basin. These scenarios 

represent the historical 1950-1999 situation, and two future climate change conditioned 

situations, RCP 2.6 and 8.5, for the time period of 2060-2099, as already mentioned before. 

The purpose of this last results section is to present the water resources available generated per 

country along with their water allocations to each sector. 

4.4.1. Historical 1950-1999 

The historical scenario is presented in Table 13, which shows the values of annual water 

available, irrigation and domestic consumptions and evaporation through open hydropower 

reservoirs per country within the basin. Domestic consumption presents the lowest values on 

the analysis, along with also low water allocation values for irrigated agriculture. As mentioned 

before, evaporation from hydropower reservoirs presents the highest consumption values in the 

basin. Botswana and Namibia appear to be the countries with the least water availability in the 

basin, therefore, their water consumption is also limited. The water available results for the 

country of Zambia show the highest water available as well as the largest evaporation through 

its three major open water bodies. Angola presents the second largest amount of water 

resources among the Zambezi countries, as well as water left. In contrast, Botswana and 

Namibia show the lowest availability of water resources. 

Table 13. Historical water availability and sector use for each country in the basin in km3 

COUNTRY WATER 

AVAILABLE 

IRRIGATION 

CONSUMPTION 

POPULATION 

CONSUMPTION 

RESERVOIR 

EVAPORATION 

WATER 

LEFT 

 Km3 Km3 Km3 Km3 Km3 

ANGOLA 58.4*100 7.6*10-2 3.5*10-3 
 

58.3*100 

BOTSWANA 4.1*10-4 0.0*100 1.1*10-4 
 

-5.3*10-4 

MALAWI 36.4*100 5.0*10-1 6.8*10-2 
 

35.8*100 

MOZAMBIQUE 19.1*100 1.3*10-1 1.7*10-2 5.8*100 13.2*100 

NAMIBIA 1.4*10-2 2.0*10-3 7.4*10-4 
 

1.2*10-2 

TANZANIA 17.2*100 1.5*10-1 8.2*10-3 
 

17.0*100 

ZAMBIA 142.0*100 8.8*10-1 5.0*10-2 6.6*100 134.5*100 

ZIMBABWE 13.3*100 1.5*100 5.0*10-2 4.5*100 7.3*100 

TOTAL 286.4*100 3.2*100 0.2*100 16.9*100 266.1*100 

 

4.4.2. RCP 2.6 

From Table 14 it can be summarised that scenario RCP 2.6 results provide a positive future for 

the basin and its water resources. Most of the countries experience an increase in water 

availability, only two countries, Malawi and Mozambique present lower water availability than 

the historical situation. However, a significant increase in water demand is presented by 

irrigation and domestic consumption. Like the historical scenario, Angola and Zambia show 

the largest water resources values of all countries while Botswana and Namibia continue to 

display the lowest values of water resources in the watershed. In addition, Malawi, 
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Mozambique, Zambia and Zimbabwe present the greatest rise in water consumption for both 

sectors.  

Table 14. Scenario RCP 2.6 water availability and sector use for each country in the basin in km3 

COUNTRY WATER 

AVAILABLE 

IRRIGATION 

CONSUMPTION 

POPULATION 

CONSUMPTION 

RESERVOIR 

EVAPORATION 

WATER 

LEFT 

 Km3 Km3 Km3 Km3 Km3 

ANGOLA 108.4*100 2.1*10-1 2.1*10-1 
 

108.0*100 

BOTSWANA 5.2*100 2.5*10-1 2.0*10-3 
 

5.0*100 

MALAWI 35.3*100 1.5*100 2.9*100 
 

30.9*100 

MOZAMBIQUE 15.7*100 2.3*100 7.8*10-1 6.1*100 6.5*100 

NAMIBIA 5.0*100 8.3*10-3 1.7*10-2 
 

5.0*100 

TANZANIA 21.8*100 3.1*10-1 4.3*10-1 
 

21.1*100 

ZAMBIA 208.7*100 1.6*100 2.6*100 6.9*100 197.6*100 

ZIMBABWE 45.0*100 4.0*100 1.1*100 4.7*100 35.2*100 

TOTAL 445.1*100 9.7*100 8.0*100 17.7*100 409.7*100 

 

4.4.3. RCP 8.5 

Scenario RCP 8.5 shows less positive outcomes for the countries within the Zambezi 

watershed. Irrigation and population consumption present the same values for both projected 

RCP scenarios, as no greenhouse emissions influence has been considered for them. The water 

available in most countries is still larger than the historical situation, however, results are lower 

than the RCP 2.6 scenario, as presented in Table 15. Mozambique appears to be the country 

most affected by this situation, it results in a negative value, therefore, it is important to notice 

the negative impact in the water resources of the basin. Moreover, Malawi results also shows 

significant lower values for water availability for the projected period compared to the 

historical scenario. 

Table 15. Scenario RCP 8.5 water availability and sector use for each country in the basin in km3 

COUNTRY WATER 

AVAILABLE 

IRRIGATION 

CONSUMPTION 

POPULATION 

CONSUMPTION 

RESERVOIR 

EVAPORATION 

WATER 

LEFT 

 Km3 Km3 Km3 Km3 Km3 

ANGOLA 88.3*100 2.1*10-1 2.1*10-1 
 

87.9*100 

BOTSWANA 3.3*100 2.5*10-1 2.0*10-3 
 

3.1*100 

MALAWI 24.1*100 1.5*100 2.9*100 
 

19.7*100 

MOZAMBIQUE -2.4*100 2.3*100 7.8*10-1 6.7*100 -12.1*100 

NAMIBIA 1.4*100 8.3*10-3 1.7*10-2 
 

1.4*100 

TANZANIA 22.2*100 3.1*10-1 4.3*10-1 
 

21.4*100 

ZAMBIA 148.3*100 1.6*100 2.6*100 7.6*100 136.5*100 

ZIMBABWE 18.1*100 4.0*100 1.1*100 5.1*100 7.9*100 

TOTAL 303.5*100 9.7*100 8.0*100 19.4*100 266.4*100 
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5. Discussion 
In the following segment, a discussion of the water balance results obtained in the previous 

section as well as the projected increased water demands is performed. Precipitation, 

temperature, actual evapotranspiration and runoff outcomes are put into perspective while 

debating their consequences for the basin. The comparison of discharge data and the discussion 

on which one was selected is also object of this unit while acknowledging the uncertainties 

involved in this study. In addition, projected grown water demands for economic activities in 

the basin are debated and recommendations are suggested to deviate the historical management 

towards a sustainable path. 

This study has performed two future scenarios, one defined as low-emission situation in which 

greenhouse emissions have reached its peak and will decrease in the following years. 

Nevertheless, average temperature for the entire basin is still projected to increase, and along 

with it evapotranspiration. A second situation has been proposed, denominated the high-

emission scenario, in which greenhouse emissions will continue to rise. This latter situation 

projects more unpromising collection of climate conditions. For both scenarios, the total annual 

precipitation is expected to increase, offering substantially more surface runoff for the low-

emission scenario and comparable values to the historical situation in the projected RCP 8.5 

situation. Results for historical and projected monthly precipitation, temperature, actual 

evapotranspiration and runoff have been presented in the previous section for the country of 

Angola, as all the countries present similar trends of variation in their parameters. In the 

Appendix, the individual results are collected for the water balance method performed for the 

other seven countries in the watershed. Furthermore, an annual base analysis has also been 

performed per country as well as for the entire basin. 

Precipitation results show an overall increase across all countries in the Zambezi River Basin. 

There is an evident difference between western and eastern and northern and southern countries 

in the watershed when considering climate conditions. The largest increase in monthly rainfall 

is projected in Botswana, which is also projected to experience the biggest rise in annual 

precipitation of all eight countries. Angola and Namibia are also expected to experience large 

increases in this parameter. On the other hand, Tanzania is projected to face the greatest 

decrease in monthly estimated rainfall, and the largest decrease in annual precipitation is 

expected to occur in Mozambique, which functions as an example of the spatial differences in 

climate throughout the basin. Mozambique is located at the discharge of the river which might 

not affect the runoff provided to the Zambezi river, given the fact that the storage of water for 

hydropower generation as well as the main irrigation activity occurs upstream of Mozambique. 

Therefore, a decrease in its precipitation is unlikely to cause conflicts in the watershed, 

however, it should cause concerns for water availability as climate changes continue. Another 

concern to acknowledge regarding precipitation in the basin is its variability and the more 

frequent occurrence of extreme events, such as droughts and floods, as projected by the IPCC. 

How can heavy rainfall episodes be earlier foreseen in order to manage reservoir operations 

effectively to avoid damages in downstream areas would be an interesting research to further 

explore in future studies.  
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Temperature results show a severe increase across the Zambezi basin. Namibia presents the 

highest increase in projected temperature values, along with Angola and Botswana. While 

Tanzania is also projected to experience increasing temperatures, the intensity of them is lower 

than in the western parts of the watershed. The fact that it presents a small decrease in 

temperature for a month for the low-emission projected scenario shows the large climate 

variability across the basin. Comparing all countries in the basin, there is a clear difference 

spatially with western countries projected to face larger intensification of temperature values, 

and southern regions exhibiting the largest rise. In contrast, the eastern areas of the basin are 

likely to experience lower increases in this parameter, with northern countries such as Malawi 

and Tanzania projected to experience the lesser variations in temperature. 

Evapotranspiration is greatly influenced by temperature and the presence of surface water, thus 

the regions presenting the major temperature and precipitation rises in the basin are likely to 

see the biggest variation. Precipitation and temperature results for Namibia project the country 

to experience large increases and consequently shows the greatest difference in 

evapotranspiration values, when comparing the projected RCP 2.6 and 8.5 scenarios to the 

historical results. The Angola increase in precipitation and temperature values also project an 

important rise in evapotranspiration for both future situations. On the other hand, the smaller 

increase in temperature for Tanzania projects a lower intensification of evapotranspiration, as 

well as for Malawi; reaffirming the fact that western countries are likely to experience the worst 

climate changes in the basin. 

Runoff projections present a variety of outcomes, which was expected from the wide-ranging 

approach used to estimate runoff values as well as the variability in climate characteristics 

across the watershed. Mozambique, on the one hand, presents a decrease in annual runoff for 

both projected scenarios, perhaps expected from the previous discussed decrease in 

precipitation. Malawi similarly presents a reduction in its runoff production due to its larger 

increase in evapotranspiration and slight increase in precipitation. On the other hand, the 

country that is expected to experience the greatest runoff increase is Botswana, also predictable 

from its projected precipitation rise and small increase in evapotranspiration. 

Moreover, from the discharge data comparison presented in the results second section, the 

historical source of data was selected to be considered for the water balance method due to its 

similarity in the annual sum with another source of data, the one gathered from the UNH-

GRDC joint program. The data provided by the institutions of GRDC and ARA-Zambeze had 

intermittent information and several periods of missing records. In addition, the collection start 

date of most of the stations did not correspond with the precipitation, temperature and 

evapotranspiration data, which motivated the choice to use the historical data calculated by the 

water balance method. However, comparing both types of data was useful to reflect on the 

selected approach to estimate runoff values, which may not be the most accurate method to 

calculate this parameter, but it is close enough for this wide-ranging study. Moreover, the 

comparison emphasised the lack of consistency throughout the basin in the collection of 

hydrological data and the importance of such data for water resources assessment and 
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management. Collaboration and knowledge sharing must be promoted between all countries in 

order for its enhancement and suitable application in future planning. 

The RCP 2.6 scenario results present a warmer future than historical temperature values, 

however, annual available water resources in form of runoff are projected to grow more than 

55%. The high-emission situation presents a slight increase in annual available water resources, 

resulting from a substantial augmentation of projected precipitation and large increases in water 

demands. Results show a large increase in the overall temperature for the basin, magnifying 

the evapotranspiration calculated for the study period of 2060-2099. In RCP 8.5, the available 

water resources in form of runoff appear to show a slight increase compared to the historical 

situation at a basin scale; however, when considering the projected demands, the calculated 

amount of water left is similar to the historical situation, and it is likely that small regions will 

experience water stress. Considering that no new hydropower reservoirs have been considered 

in this report, and therefore that only the increases in evaporation from the already existing 

water bodies have been assessed, this suggests an amplification of the water stress level in the 

basin, which should encourage the riparian countries to collaborate towards a sustainable 

development in the watershed.  

Future climate scenarios provide proposals of what can be expected to be the climate in an area 

in determined years ahead. They offer probable outcomes for planners to prepare the region for 

those conditions. Assumptions are needed to create these scenarios, which determine greatly 

the outcomes of the model utilised for their calculation. Moreover, when projecting climate 

conditions for several decades ahead, the uncertainties from natural variability become even 

larger, therefore, future projections and selected assumptions transmit a great deal of 

uncertainties to the obtained outcomes. As for the demands presented in this report, they also 

hold incertitude. Expansion of irrigated land has been projected based on the potential 

extension in the basin territory, however, new equipment and techniques would be also 

required, which governments are responsible to assist farmers to obtain. Moreover, although 

projected population growth in Africa is the largest of any continent in the world, however, the 

calculation of the number of habitants in this specific basin is very uncertain. Different factors 

can modify these projections, such as possible migration to other regions outside the watershed 

borders, or a decrease in the rate of fertility due to the economic development of the countries. 

However, the results should still not be disregarded because of their low precision as they 

provide possible circumstances that the countries should prepare and provide for. 

It is acknowledged in this report the large uncertainties involved in the selected approach for 

this water resources assessment. The study area is vast in expansion and an accurate estimation 

of available water resources would not be expected of this research. The large-scale approach 

used here gives broad and overarching results, at the price of lower accuracy regardless of 

measurement precision. However, smaller scale data that could have been used to provide more 

accurate assessments were not shared by the countries referenced in this report, and no field 

work would have been possible, as the extension of the watershed is immense and no local 

contacts were available. Data collection throughout the basin is a challenging task due to the 
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lack of maintenance of hydrological equipment in addition to political conflicts that have 

occurred or are occurring in several countries.  

When working with the provided discharge data for several hydrological stations across the 

Zambezi river, interrupted and missing data were common factors, and a more definite 

assessment based on that information would in any case not have been very accurate either. 

Furthermore, aside from interrupted data, the start date of the collection of measurements did 

not allow a common study period for the entire basin. Finally, through this research, country 

level water availability and allocations have been the main focus, and the sub-watersheds 

studies have not contributed to further exploration of such country level assessment. 

Characterising uncertainty is fundamental when reflecting on climate change strategic 

planning. Adaptation and mitigation measures are based on projections that contain large 

uncertainties, including external factors such as greenhouse gas emissions and changes in land 

use. Furthermore, the working of the climate systems, through the climate model uncertainty, 

is also an assumption that influences the range of outcomes. Models, in addition, use different 

weights for numerous parameters, and some parameters are not shared by other models, 

delivering altered conclusions. This study´s intentions has not been to analyse the efficiency of 

the model used, but to assess the possible outcomes and suggest adaptations measures. 

Water consumer economic developments are projected to grow in water demand significantly. 

Evaporation from storage reservoirs for hydropower production is still projected to be the 

largest consumption, however, the potential increases in irrigation and domestic uses combined 

are projected to equal the amount of water evaporated from reservoirs. Historical irrigation 

land use is so low that the potential expansion is very large, and with it its water consumption, 

as shown in the results. Therefore, improvement in agriculture techniques and irrigation 

schedules is required for a sustainable future in the basin. And as population is predicted to 

grow along with living standards, water consumption is expected to increase 40-fold compared 

to the historical situation. In this study, the same projections for irrigation and domestic 

consumption values we used for both the projected RCP scenarios, as it was not within the 

scope of the study to present a detailed scenario analysis of these socio-economic factors. 

The Zambezi region is rich in water resources and offers the capacity of large developments in 

different sectors, such as agriculture and hydropower. Hydropower is the main source of energy 

generation in the basin, and the water system has the potential to expand this production further 

with several projects in place and in the planning process, such as the expansion of North and 

South Kariba Banks or the Cahora Bassa North Bank (The World Bank, 2010a). The largest 

new projects in terms of hydropower reservoir capacity are Devil´s Gorge (31.2 km3) located 

between Zambia and Zimbabwe and Chemba (20.08 km3) in Mozambique. Some countries 

have experienced energy deficiency in supply and are looking to expand their energy 

production. Collaboration from all eight countries could be a solution to energy shortages for 

several regions as the example of the South African Power Pool, which was formed by 

numerous countries in southern Africa. They work together for an overarching objective: 

providing consistent and affordable energy to their population through coordination and 

cooperation between energy companies. This is a first step to achieve energy supply security 
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for all countries and, even though coal still is a major source, hydropower appears to be 

contributing towards a sustainable approach. However, evaporation through storage reservoirs 

in hydropower plants is still the largest water consumer in the basin, hence in case of water 

shortage it ought to be suggested a transfer of water to sectors that are more in immediate need. 

Increase in evaporation from open water bodies has been previously discussed by Hamududu 

and Killingtveit (2016) and Spalding-Fletcher. et al. (2014), however, actual calculations have 

not been performed in these studies due to their main focus on the increase hydropower 

production. Even though no additional hydropower reservoirs have been considered in this 

study, the conflict between the already existing and the projected water bodies should be taken 

into account when planning new infrastructure. 

Southern Africa presents a strong dependency on rain-fed agriculture for food production, 

while the region is at the same time projected to see the most variable precipitation patterns 

due to climate change. Studies by the World Bank (2010b) have concluded that there is 

potential for increasing irrigation in the basin 5 to 8 times, which could offer remarkable room 

for improvement in the productivity of the land. Gathering knowledge on new irrigation 

techniques is of vital importance for the area in order to use water resources more efficiently, 

allowing them to grow crops during dry seasons while improving historical seasonal agriculture 

productivity. Increasing efficiency in water use in the agriculture sector would decrease the 

allocated amount of water estimated and would reduce the water stress for the future. 

Furthermore, an increased production of crops would mean more economical growth for the 

countries, improving living standards and providing means for a more sustainable 

development. In this study, the possibility of no expansion of irrigated land was not considered 

as an option for several reasons: the growth in population will increase the food demand, the 

economic growth is stimulated by the food industry and with a presently low percentage of 

land used for food production, an extensive expansion would be likely to occur. In comparison 

with several other studies investigating future irrigation expansion, the values arrived at in this 

study are inside previously reported ranges (Beck and Bernauer, (2011); The World Bank 

(2008);  The World Bank (2010b); Euroconsult Mott Macdonald (2007)). For future studies in 

this topic, it would be of interest to evaluate the interaction between the expansion of 

agriculture land and areas destined for hydropower generation and how these sectors would 

manage the possible conflicts. 

Another concern throughout the basin is the rapid growth of population, which constitutes a 

substantial increase in demand for urban and rural water supply. Policies to reduce population 

growth should be shared among these countries given that the population inside the basin is 

expected to increase approximately 5 times, with some countries projected to increase up to 7 

times. These numbers coincide with the projections presented by the United Nations (2015), 

which reinforce the validity of the results. A report from the United Nations (United Nations 

Secretariat, 2001) indicates that direct and indirect measures have been applied for the 

reduction of nativity in high and intermediate fertility level regions (more than 5 children per 

woman and between 2.1 and 5 children per woman, respectively). Some governments limit the 

number of children per family and others offer incentives and disincentives such as providing 

free contraceptives, limiting paid maternity leave or inflicting taxes on extra children.  
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5.1. Recommendations 
Cooperation in transboundary basins is a requirement that must be accomplished by the 

governments of the involved countries. Developed regions appear to unilaterally design 

projects to increase their national water supply lacking input from riparian countries that can 

be affected by these plans (Scheumann and Neubert, 2006). Coordination between countries 

may avoid conflicts regarding negative impacts caused by these unilaterally decisions, while 

also providing a base for shared plausible projects that would benefit both parties. Joint 

transboundary programs allow to minimise costs for the conduction of infrastructure 

development that can increase the access to water for involved countries, as the example of the 

ZRA management of the Kariba dam between Zambia and Zimbabwe. These collaborative 

examples can be the solution for less developed countries which may rise their standards of 

living while improving the productivity of water use with the cooperation of more developed 

countries.  

A program of incentives to stimulate cooperation between all countries in transboundary basins 

could be an approach to promote collaborative projects. Developing countries commonly 

prioritise economic development disregarding the consequences that may be caused to other 

sectors or the environment. Moreover, environmental friendly procedures should be included 

in these incentive methods to also achieve a sustainable management of the water resources 

collectively in the process. However, these benefits might not be easy to visualise when not 

translated into monetary terms. Considering that water shortages cause economic loses, as 

experienced by the hydropower sector in the watershed, benefit and information sharing can 

be promoted as a technique for a stronger economic stability while promoting sustainable 

techniques. 

The organization and provision of shared information is of fundamental importance for 

effective transboundary water management. Climate related issues can arise at any time and 

the countries involved must share their knowledge to handle them cooperatively and prevent 

further damage. Standardised approaches to the management of the watershed and possible 

problems can help countries in their decision of which measures to be applied in different 

situations, such as drought and flood episodes, or environmental catastrophes. As has been 

mentioned before, these countries tend to have concerns regarding sharing information, 

nevertheless, transparency should be implemented all the more so in shared watersheds, such 

as the Zambezi River Basin. Having publicly available information can be of assistance to 

stakeholders for issue solving, data handling and modelling software use, hence the progress is 

shared and accessible for responsible interested parties. 

From the discharge data comparison, it is clear that an important improvement on data 

collection throughout the basin is necessary in order to assemble a common database to store 

hydrological and climatological data. With the exception of Mozambique, the countries in the 

basin did not share any discharge data when contacted for this project, and what was collected 

contained largely interrupted and missing records. A collaborative effort to sharing data would 

expand the knowledge of water systems in the basin, providing more accurate outcomes for 

future research and management strategies. The Zambezi watershed presents variable rainfall 
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patterns that must be better represented to show what areas are under a higher water stress and 

help develop the necessary infrastructure and scheduling to satisfy water needs on those 

regions. A collective data collection system would provide an integrated overview of the water 

state throughout the basin, allowing to plan hydropower generation before an upcoming flood 

discharge while allocating enough storage in the reservoirs for a strong inflow. In addition, a 

more efficient use of water for irrigation has been experienced when planned schedules are in 

place (Westphal et al., 2003), which is made possible by the presence of working hydrological 

monitoring systems. 

Climate change is creating more challenging scenarios in water planning, as results have shown 

in this study, and a functioning monitoring system would provide the grounds for a safer 

environment with the ability of suggesting measures to evade negative consequences. To this 

end, the World Meteorological Organization (WMO) started a program to encourage 

organizations across Africa to rehabilitate hydrological measuring equipment (Scheumann and 

Neubert, 2006). Another program to share hydrological research, promoted by the UNESCO 

International Hydrological Programme, is an imperative initiative towards a sustainable 

handling of water resources. More efficient water management in the basin would also increase 

energy production, crop cultivation and would avoid water shortages for the region.  

Water supply security is the main objective of transboundary water resources management, and 

the Zambezi river basin should collaborate towards its promotion as emphasised in the second 

Zambezi Watercourse Commission Stakeholders´ Forum in Lusaka, Zambia. In addition, the 

IPCC climate projections suggest the region will experience frequent drought periods and 

heavier rainfall events, which challenges water supply security for all the demands and draws 

an uncertain scenario for future stability. Consistent increasing demands in a more frequent 

drought environment is alarming, and to consider these events as regular scenarios could 

improve the efficiency of water resources planning for the basin. The same should be reflected 

for floods, a common feature in the region that is becoming more frequent due to climate 

change. Hydropower facilities are already facing drops in energy production (Hamududu and 

Killingtveit, 2016), crops are destroyed leaving population without food and economic means 

(Bola Bosongo et al., 2014), and cities are affected by energy and water shortages caused by 

these phenomena. Aiming towards a stable and secure future, adaptation actions must be 

established capable of mitigating the effects of these devastating events. 

Projected expansion of irrigated agriculture land is likely to extend over floodplains, which are 

often used for agricultural purposes due to their valuable characteristics for food production. 

In addition, they are often undervalued surfaces attractive for agricultural expansions (Seyam 

et al., 2001). These areas, however, present threatening risks to the livelihood of farmers as 

well as for food security, and considering the IPCC projections on more frequent heavy rainfall 

events, the rise of river level can cause flooding. Integrated flood management is a common 

tool employed in flood prone areas that aims to reduce the losses caused by extreme rainfall 

events and high rise of river levels. Handling a transboundary basin, cooperation between its 

countries is essential for its defence against these climate change exacerbated periodic events, 

and the Zambezi basin is no exception.  
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As floodplains, numerous small regions are under pressure due to climate change effects. 

Assessing the effects of climate change at a larger scale provides an overview of the state of 

the entire basin, without examining in depth how changes will affect regionally. Most studies 

have assessed water resources at a basin scale, as this one has, however, it is essential that 

regional analyses are performed for more thorough evaluations of the current situation and to 

provide more accurate estimations for the future (Wilby, Dawson and Barrow, 2002). The 

Zambezi is a region with great potential and plenty of natural resources, yet energy shortages, 

water stress and scarcity may occur for individual areas inside the watershed. These 

shortcomings must be addressed accordingly, and adaptation measures must be proposed to 

prevent them from reoccurring. 

Water stress is likely to cause conflicts between countries and their water user sectors (Uitto 

and Duda, 2002). Challenges in access of fresh water will increase international issues if 

equitable allocations are not considered by transboundary basin agreements. Growing water 

demands combined with uncertain variable rainfall distribution are circumstances likely to 

occur, therefore, they should be reflected upon and solutions must be assessed, such as 

projected infrastructure capable of supplying those demands and scheduling for more efficient 

water uses. Shared watersheds situated in countries with disparities in their development may 

present unequal water resources distribution, and riparian countries depend on political power 

relations for a fair access to these resources. Because of these challenges, it is critical that 

transboundary agreements take into account the disparities between the countries involved as 

well as additional water stress that may develop in the basin over time. 

These disparities among each country are also present in the development of the energy and 

food sectors, as well as the population’s water supply access. The energy-food-water nexus 

represents a fundamental relationship between these three sectors dependent on water resources 

that provide social and economic growth for developing areas. Sustainable governance 

mechanisms are vital to tackle issues with shortages in energy supply, deficient irrigation 

development and fast population growth. As Khan and Hanjra state (Khan and Hanjra, 2009) 

“Investments to boost water productivity and improve energy use efficiency in crop production 

are two pathways to reduce the environmental footprint.”, improvement in these sectors can be 

the foundation for progress in the others, and this must be reflected in their management. There 

also seems to be a correlation between initial development and an increase in pollution, as 

where once the population has reached living standards, that environmental degradation starts 

to decrease (Beckerman, 1992). With numerous examples of this occurring, developed 

countries could help and share their knowledge towards a sustainable development avoiding 

environmental degradation in developing countries striving for that same economic growth. 

Climate change is a major threat to sustainability that must be reflected upon in this nexus as 

energy production, food productivity and urban water supply will be affected by it, thus 

adequate use of water resources is of definite significance to fight development insecurity. 

Suitable energy schedules and planning from hydropower facilities that cooperate with 

improved irrigation techniques and smart crop arrangements are a solution towards climate 

change driven scenarios where variable water resources availability appears to be most 

apparent characteristic.  
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As to water user priorities in the basin, it is challenging to set priorities when considering all 

eight riparian countries as each one of them present different preferences on where to use the 

water. Zambia presents the most number of reservoirs in the basin, with three of the four main 

reservoirs evaluated in this report (Kariba shared with Zimbabwe, Itezhi Tezhi and Kafue 

Gorge), while Mozambique possess the Cahora Bassa reservoir entirely. Energy production 

from hydropower generates electricity for the entire region and it is of critical significance to 

promote clean energy production for the sustainable development of the basin. The rapid 

population growth in Africa may cause difficulties in the region to guarantee enough food due 

to the lack of agriculture innovations and the increased domestic water demands. Malawi, 

Zambia and Zimbabwe represent the countries with the largest share of agriculture land in the 

basin. Irrigation development is often motivated by economic and political interests which must 

aid farmers to improve their irrigation techniques and technology. Excessive water abstractions 

for irrigation purposes have been an issue for several countries not considering downstream 

regions needs for water supply, however, without efficient irrigation approaches it is 

problematic for farmers to reduce their water use and pollution. Therefore, an effective program 

that ensures future supply of the water demands is necessary and must be designed on a basin 

wide scale, as well as for a regional scale.  

Moreover, as mentioned before, the region historically presents a state of overall surplus water 

resources, however, at a regional scale, areas are likely to encounter issues with water supply. 

Water priorities or rights have been given to certain sectors and farmers ensuring they will be 

supplied with those allocations. Considering the projected economic development and the 

pressure it will impose on the basin, these water rights should be reassessed considering the 

possibility of water scarcity and what must be prioritised in terms of water supply. Electricity 

generation and agriculture are the largest water consumers in the basin and are essential for its 

economic stability, and so their expansion is driven by political and economic interests. Urban 

and rural water supply, however, must be prioritised against these activities and improvements 

in population access to fresh water and sanitation need to be promoted and accomplished. 

Africa already presents the lowest rate of access to water and sanitation of any continent and it 

would be unacceptable to prioritise other water consumer sectors when in state of water 

scarcity. For this to be achieved, the riparian countries are required to negotiate reasonable and 

equitable as well as flexible agreements to ensure water access to the population.  

Natural ecosystems play an important role in the fresh water supply to population, therefore, 

they must be included in these agreements. As a home for great diversity of natural ecosystems 

that provide invaluable goods in the basin, natural ecosystems must be acknowledged when 

planning the allocations of water resources. Environmental flows are commonly disregarded 

when planning water allocations or simply inadequately calculated due to the difficulties on its 

evaluation. Moreover, hydropower reservoirs have altered the natural flow of the Zambezi 

river, providing a regular flow throughout the year, eluding seasonal river rise and the watering 

of floodplains. Using ecosystem services as an approach to quantify the value of the goods 

extracted from the natural resources may rise the consideration of environmental flows. A 

collaboration between social and natural sciences could command awareness to the value of 

environmental flows for the ecosystem services in the Zambezi watershed.  
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6. Conclusion 
This report has examined historical hydrological data and performed future scenarios 

influenced by climate change for the assessment of water resources management in the 

Zambezi River Basin. The rather low historical water consumption in the basin indicated that 

no sustainable management was required, however, the projected RCP scenarios and economic 

developments in the region will most likely increase water demands. Long-term projections 

were performed for the purpose of showing the potential social and economic developments 

proposed for the watershed to the energy and food sectors, as well as for its population, and to 

assess whether water resources will be enough to support that projected development. 

Therefore, as stated in the discussion, collaboration among the riparian countries is of absolute 

necessity for the satisfactory supply of the increasing demands in the energy and food sectors, 

as well as domestic consumption and sustainability of the basin. The implementation of the 

basin-wide commission ZAMCOM appears to be an optimistic direction for the management 

of water resources in the Zambezi watershed.  

This research has stressed the dependence on water resources of the social and economic 

development of the Zambezi basin, and the concerns from changes in climate should promote 

effective and cooperative agreements in its management from all its countries. Improvement in 

basin water techniques and technology is also necessary for a more efficient use of its water 

resources as well as the provision of more adequate river flows for the maintenance of its 

natural ecosystems. A resilient uninterrupted data collection system must be promoted and 

maintained to form a robust hydrological model for the entire basin, something that can 

publicly share the information recorded for any further research performed in the basin.  

More advanced climate models could have been used in this report, however, data for them 

were scarce and mostly not available while the water balance approach presented in the 

methods has been proved to answer the question asked. The results obtained in this study may 

not be very highly detailed, however, for the assessment of water resources in a region as large 

as the Zambezi River Basin, precision should not be limiting. In addition, even though the 

overall results for the entire basin are not negative, they show a comparison between the 

historical situation and the future projections exhibiting important growth in the demand of 

water resources. That combined with a higher variability of rainfall events, presenting more 

frequent drought and flood events, is likely to put pressure on the available water resources in 

several regions of the basin to which management agreements may be the solution to prevent 

avoidable damages.  

Smaller scale studies should be encouraged to evaluate the effects of climate change on the 

hydrology at regional dimensions. Dividing the basin in small areas could aid to perform much 

faster research while improving the accuracy of the data gathered. This would aid the 

identification of numerous issues disregarded in larger scale reports and promote the 

implementation of mitigation and adaptation measures appropriately suited for each one of 

them. Again, for this to succeed, effort and collaboration from all eight countries in the basin 

would be required and benefits would be shared among them. 
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Appendix 

Botswana 

 
Figure 19. Botswana´s historical and projected actual evapotranspiration and temperature parameters. Vertical bars 

symbolise mean monthly actual evapotranspiration values while horizontal lines represent average monthly temperature 

values. Historical data is represented by the colour orange, projected RCP 2.6 scenario in red and projected RCP 8.5 in 

purple 

 

Figure 20. Botswana´s historical and projected runoff and precipitation parameters. Vertical bars symbolise mean monthly 

runoff values while horizontal lines represent average monthly precipitation values. Historical data is represented by the 

colour light blue, projected RCP 2.6 scenario in bright blue and projected RCP 8.5 in dark blue 
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Malawi 

 

Figure 21. Malawi´s historical and projected actual evapotranspiration and temperature parameters. Vertical bars symbolise 

mean monthly actual evapotranspiration values while horizontal lines represent average monthly temperature values. 

Historical data is represented by the colour orange, projected RCP 2.6 scenario in red and projected RCP 8.5 in purple 

 

Figure 22. Malawi´s historical and projected runoff and precipitation parameters. Vertical bars symbolise mean monthly 

runoff values while horizontal lines represent average monthly precipitation values. Historical data is represented by the 

colour light blue, projected RCP 2.6 scenario in bright blue and projected RCP 8.5 in dark blue 
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Mozambique 

 

Figure 23. Mozambique´s historical and projected actual evapotranspiration and temperature parameters. Vertical bars 

symbolise mean monthly actual evapotranspiration values while horizontal lines represent average monthly temperature 

values. Historical data is represented by the colour orange, projected RCP 2.6 scenario in red and projected RCP 8.5 in 

purple 

 

Figure 24. Mozambique´s historical and projected runoff and precipitation parameters. Vertical bars symbolise mean monthly 

runoff values while horizontal lines represent average monthly precipitation values. Historical data is represented by the 

colour light blue, projected RCP 2.6 scenario in bright blue and projected RCP 8.5 in dark blue 
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Namibia 

 

Figure 25. Namibia´s historical and projected actual evapotranspiration and temperature parameters. Vertical bars symbolise 

mean monthly actual evapotranspiration values while horizontal lines represent average monthly temperature values. 

Historical data is represented by the colour orange, projected RCP 2.6 scenario in red and projected RCP 8.5 in purple 

 

Figure 26. Namibia´s historical and projected runoff and precipitation parameters. Vertical bars symbolise mean monthly 

runoff values while horizontal lines represent average monthly precipitation values. Historical data is represented by the 

colour light blue, projected RCP 2.6 scenario in bright blue and projected RCP 8.5 in dark blue 
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Tanzania 

 

Figure 27. Tanzania´s historical and projected actual evapotranspiration and temperature parameters. Vertical bars 

symbolise mean monthly actual evapotranspiration values while horizontal lines represent average monthly temperature 

values. Historical data is represented by the colour orange, projected RCP 2.6 scenario in red and projected RCP 8.5 in 

purple 

 

Figure 28. Tanzania´s historical and projected runoff and precipitation parameters. Vertical bars symbolise mean monthly 

runoff values while horizontal lines represent average monthly precipitation values. Historical data is represented by the 

colour light blue, projected RCP 2.6 scenario in bright blue and projected RCP 8.5 in dark blue 
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Zambia 

 

Figure 29. Zambia´s historical and projected actual evapotranspiration and temperature parameters. Vertical bars symbolise 

mean monthly actual evapotranspiration values while horizontal lines represent average monthly temperature values. 

Historical data is represented by the colour orange, projected RCP 2.6 scenario in red and projected RCP 8.5 in purple 

 

Figure 30. Zambia´s historical and projected runoff and precipitation parameters. Vertical bars symbolise mean monthly 

runoff values while horizontal lines represent average monthly precipitation values. Historical data is represented by the 

colour light blue, projected RCP 2.6 scenario in bright blue and projected RCP 8.5 in dark blue 
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Zimbabwe 

 

Figure 31. Zimbabwe´s historical and projected actual evapotranspiration and temperature parameters. Vertical bars 

symbolise mean monthly actual evapotranspiration values while horizontal lines represent average monthly temperature 

values. Historical data is represented by the colour orange, projected RCP 2.6 scenario in red and projected RCP 8.5 in 

purple

 

Figure 32. Zimbabwe´s historical and projected runoff and precipitation parameters. Vertical bars symbolise mean monthly 

runoff values while horizontal lines represent average monthly precipitation values. Historical data is represented by the 

colour light blue, projected RCP 2.6 scenario in bright blue and projected RCP 8.5 in dark blue 
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