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Abstract

The past reliance on historical observed weather patterns for future investment in basic
infrastructure planning (e.g., irrigation schemes, hydropower plants, roads, etc.) has been
guestioned considerably in recent years. For this reason, efforts to study the impacts of a
changing future climate based on climate projections from global circulation models has been
popular, where the coupled model intercomparison project models, used in the
Intergovernmental Panel for Climate Change Assessment Reports, are typically used. Studies
tend to focus either on climate sensitivity, ignoring specific global circulation models
predictions, or an effort is made to select a set of global circulation models for useinan .../
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impact study. Here, we present a method for quantifying the impacts on biophysical measures
(surface water supply, crop production, flooding events, and hydropower generation) of the
Zambezi River Basin countries using a large pool (6,800) of climate projections, which are
based on the full set of the CMIP-3 GCMs (global circulation models) and projected to 2050.
This study estimates that, due primarily to increases in near-surface temperatures and
reductions in precipitation, the Zambezi River Basin is will experience risks associated with
drought. Surface water availability will reduce, rainfed crop yields will decrease, irrigation
demand will increase, damaging floods will happen more often, and hydropower generation
will decrease basinwide—although these results vary considerably both spatially and
throughout the distribution of future climates. Studies like this can help decision makers
develop an informed risk-based strategy for national policy decisions and help to direct
further studies where local detail is considered.
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1 Introduction

There has been a growing interest in a better understanding of the economic impacts of
climate change on future investment in areas with a large potential for basic infrastructure
growth. Due to the lack of existing development in these areas, options for planning are
numerous and the present decisions are principal to future economic progress. Also, these
areas tend to have a limited set of historical record, both spatially and temporally, which
presents problems. Past studies have typically involved one of two approaches. (1) a climate
sensitivity analysis on existing or planned infrastructure using a wide, unguided range of
future climate possibilities, or (2) use of select global circulation models (GCMs) from the
coupled model intercomparison project (CMIP) used in the Intergovernmental Panel for
Climate Change (IPCC) Fourth Assessment Reports (AR4) applied directly to assess the
impacts of climate change resulting in alimited set of future scenarios,

In this study, we present a method for quantifying the impacts on biophysical measures
(surface water supply, crop production, flooding events, and hydropower generation) of the
Zambezi River Basin (ZRB) countries using a large pool (6,800) of climate projections,
which are based on the full set of the IPCC AR4 GCMs. The ZRB in southern Africa
provides a problem area suitable for this type of study because of the hydrologic and
agricultural importance for the people who live in the basin and due to previous studies
concluding that the impact of climate change will be economically significant (World Bank
2010).

This study is divided into four interdependent efforts. climate scenario analysis, surface water
modeling, crop modeling, and water resource modeling. Thisdivision is used in the following
sections, namely materials and methods in Section 2, results and discussion in Section 3, and
the conclusion in Section 4.

1.1 Spatial scale of the analysis

The majority of the basin is contained in four countries. Malawi, Mozambique, Zambia, and
Zimbabwe. Regionalization, spatial resolution and aggregation are adapted separately to meet
two different sub-goals of this study. The first, water resource modeling, splits the ZRB into
29 hydrologically significant sub-basins as shown in Figure 1. The second regionalizes the
study area using politically and economically significant boundaries—primarily by country
borders and secondarily splitting each country into regions—as shown in Figure 2.

1.2 Climatology overview

The Zambezi is a large, multi-country basin that spans portions of southern Africa
characterized by great seasonal climatic swings, from rainy to dry, which are highly variable
from year to year. The climate in these four countries varies from hyper-arid in western
Zambia (Kalahari Dessert) to semi-humid in Malawi and northern Mozambique. This region
experienced food shortages caused primarily by drought in the 1980s and 1990s, which
stressed the importance of research and planning in the area of food and water security. Mean
annual precipitation ranges from about 500 to over 1,200 mm/year, with an average for the
basin of about 925 mm/year. The larger amounts of rainfall occur around Lake Malawi in
Tanzania while the west of the basin, near Botswana and Namibia is drier (FAO 2011). The
seasonality in the basin is characterized by a strong, four to six month rainy season when the



Inter-tropical convergence zone moves over the basin from the north around October and
continues through the valley until around March (Beilfus and dos Santos 2001).

1.3 Biophysical background

Agriculture is essential for most these economies and accounts for a significant portion of
GDP, including about 50% in Zimbabwe and 20% in Mozambique. 85% of the 5.2 million ha
of cultivated land in the ZRB is contained in Malawi, Zambia, and Zimbabwe—only about
180,000 ha of which are equipped for irrigation (World Bank 2010).

Agriculturally the year is split into two productive seasons, a wet summer season and a dry
winter season. The average cereal yield is about 1 tonne/ ha basinwide, while some estimate a
potential irrigated yield of 5 to 8 tonnes’ha (World Bank 2010). Over 100 irrigation projects
have been proposed in the basin, which would in total increase the equipped irrigated area by
366,000 ha, effectively tripling the irrigated area. Still, irrigated agriculture in the basin
would remain far short of the total potential, which FAO estimates to be more than 3 million
ha (Tilmant et al. 2010). Given the importance of agriculture to local economies, the need for
food security, current dependence on subsidence agriculture, and the irrigation potential in
the basin, investment in irrigation infrastructure will be an important issue in future planning.

Hydropower is another greatly untapped resource in the basin. Currently there is nearly 5,000
megawatt (MW) of installed hydropower generation capacity in the region, while the
potential is estimated to be about 13,000 MW (World Bank 2010). Although hydropower has
many advantages compared to other energy sources, there are many challenges as well:
environmental sensitivity, complications related to reservoir filling, dependence on an
uncertain climate, high capital costs of the infrastructure, and losses through evaporation,
which are estimated by Beck and Bernauer (2011) to be as large as 10% of tota potential
basin flow, relative to a river with no manmade reservoirs). Given the high demands for
electricity, atotal of 53 projects have been proposed which would increase installed capacity
by 7,300 MW for a potential production of firm power from 22,776 to 43,000 GWh/year, and
increase average energy production from 30,000 to 60,000 GWh/year (World Bank 2010).

2 Material and methods
2.1 Climate scenarios

Monthly near-surface temperature and precipitation data at a half-degree by half-degree
gpatial scale were obtained from the Climatic Research Unit (CRU) of East Anglia (Mitchell
and Jones 2005). This data is available for 1901-2002, but only the data from 1951 to 1990
was used in this study. Daily climate data, required for the crop modeling, was sourced from
the Land Surface Hydrology Research Group at Princeton University (Sheffield et al. 2006)
in August 2011. Thisdatais at a scale of 1 degree by 1 degree and is corrected to match the
CRU mean monthly data.

The future climate scenarios used in this study are based on GCM ensemble results from the
CMIP-3 but are expanded to represent a larger range of possible outcomes following that of
previous work (Schlosser et a. 2011). The MIT integrated global systems model (IGSM)
(Reilly et al. 2012) developed near-surface temperature and precipitation projections to 2050
at the zonal spatial scale. A Taylor expansion technique, described by Schlosser et al. (2011),
was used to expand from the zonal level of detail in the longitudinal direction. This



transformation requires the construction of climate-change pattern kernels, which vary
through time as global temperature changes. The full ensemble of climate change projections
is produced through the numerical hybridization of the IGSM zonal trends with pattern
kernels of regional climate change from the IPCC AR4 models. This ensemble of future
climate projections is called hybrid frequency distributions (HFDs). Using this framework,
6,800 climate projections are produced for each of five CO, emissions policy scenarios
although only the *unconstrained CO, emissions’ scenario is used in this analysis. In order to
reach a reasonable computation time for al subsequent modeling, the number of projections
was reduced using the methods described in Arndt et a. (2012), which reduced the climate
projection pool to 421 datistically significant scenarios. The changes in climate were
calculated as changes in precipitation and near-surface temperature and were then applied to
the historical data on a monthly basis maintaining the daily distribution of precipitation by
adding the changes proportionally by daily intensities. In this study, future climate changes
from 2011 to 2050 are used in the modeling efforts described in the remainder of this section.
Although climate change is predicted to be more drastic after 2050, a 40-year planning
horizon is apt for investment decisions.

2.2 Runoff model

Runoff modelling converts the climate changes into changes in surface water availability
important for the water resource modeling endeavour. Surface water runoff was modeled
with the rainfall-runoff model CLIRUN-II, the latest available model in a family of
hydrologic models developed specifically for the analysis of the impact of climate change on
runoff, first proposed by Kaczmarek (1993). CLIRUN-II models runoff with a lumped
watershed defined by climate inputs and soil characteristics averaged over the entire
watershed, simulating runoff at a gauged location at the mouth of the catchment. For this
analysis, a monthly time step is used to simulate the runoff from provided weather variables.

CLIRUN-II has adopted a two-layer approach following the framework of the SIXPAR
hydrologic model (Gupta and Sorooshian 1983, 1985). Although CLIRUN-II can model
headwater catchments or interflow catchments, interflow catchments were modeled in this
study for the sake of accuracy in the calibration process. In the observed runoff data, many of
the interflow basins had negative flows over long periods likely caused by the many wetlands
in the ZRB. Negative flows cannot be modeled in CLIRUN-II. An extension to CLIRUN-II,
‘CLIRUN-II-WET’, was developed to better model the losses caused by the wetland areas.
The model simulates wetland hydrology based on the work of Sutcliffe and Park (1987) for
the White Nile Sudd wetland, Yates and Strzepek (1998) for the White Nile wetlands
generally, and Kashaigili et al. (2006) for the Usangu Plains wetlands in Tanzania. The
wetland area is modeled in each catchment using a reservoir-based hydrologic response,
where the estimated evapotranspiration (ET) and runoff at the catchment is used to simulate
the water balance including inflow, outflow, and storage.

A unique conditional calibration procedure was used to determine the coefficient values that
characterize each of the 29 catchments. This parameter estimation requires observed runoff at
each catchment outflow. The observed runoff was provided by Charly Cadou through
personal communication.

2.3 Crop model

The purpose of the following analysis is to assess the changes in crop yields (to be used in
economic models in subsequent work to assess investment opportunity) and estimate changes



in irrigation demands to feed into the water resource model. Nine crops were chosen to
represent the agriculture sector across all four countries. The nine crops are maize, wheat
(used to represent other cereals), cassava (used to represent root crops), horticulture, tobacco,
cotton, sugarcane, and tea (used to represent other export crops). A variation of the CliCrop
model (Fant et al. 2012) was used to estimate the variability of the impact on crop water
requirement and rainfed crop yields caused by the range of climate projections present in the
HFDs.

The CliCrop model is an attempt to balance accuracy and simplicity with an emphasis on
estimating the effects of the changing climate on irrigation demand and rainfed crop yield.
CliCrop is a generic crop water deficit model. The version of CliCrop used in this study uses
the soil properties and precipitation amount to calculate the infiltration using a version of the
USDA Curve Number method (Bureau of Reclamation 1993). The model then calculates the
soil moisture in each soil layer, calculates the amount of moisture allowed to percolate into
the deep soil layers, and calculates ayield coefficient at the end of the growing season.

The effects of climate on crop production are modeled by estimating water stress on crops.
Water stress is related to the estimate of ET, and more specifically, the extent by which the
actual ET (AET) falls short of the crop demand ET (DET). In CliCrop a yield ratio (Y) is
reported as a measure of water stress. Y is calculated from a set of yield ratios (y)
representing the ratio of actual yield to atheoretical maximum yield, and is based on the ratio
of AET to PET. The theoretical maximum yield is the yield obtained in the complete absence
of water stress. Four yield ratios are calculated, one for each of the four development stages
(d): initial, crop development, mid-season, and late season (Allen et al. 1998). y is weighted
using a yield response factor (K), as follows.

va=1-Ka(1-52¢) (1)
The final reported yield ratio (Y) is calculated using the multiplicative model proposed by
Rao and Sarma (1988).

Y =1lyq (2)

Here, Y represents the ratio of actual yield to the theoretical maximum yield due to water
stress, and therefore is unitless. This value is reported for each year of the simulation.

Actual ET is calculated as a function of precipitation, temperature, PET, soil moisture, root
depth, crop type, and atmospheric CO, concentration. This calculation is done each day, for
each soil layer. The model uses a daily form of the modified Hargreaves equation to calculate
PET (Farmer et al. 2011). Soil moisture is calculated using a bucket-type scheme similar to
the method used in the soil and water assessment tool, SWAT model (Neitsch et al. 2005),
details are given in Fant et a. (2012). Crop specific parameters similar to the ones used in
CROPWAT (Allen et al. 1998) are used in this calculation, as well as in the calculation of the
daily ET crop demand. The atmospheric CO, concentration affects the daily ET crop demand,
which follows the methods explained in Rosenzweig and Iglesias (1998). The crop
parameters are adjusted from year to year using methods developed by Allen et al (1998),
adjusting crop ET demand, and Wahagj et al. (2007), adjusting crop stage durations, which
estimate the local crop’s reaction to deviations from ‘average’ climate conditions.



The rainfed yield shocks are used in economic modeling in subsequent studies and the
changesinirrigation demand are used in the water resource model, discussed next.

2.4 Water resour ce system model

The water resource modelling in this study attempts to smulate the sequence of existing and
planned reservoir activity and demand nodes along the system. The focus of this modeling
effort is on three main indicators of future impact: assessing possible changes in flood risks;
the operation of major hydropower plants, both existing and planned; and maintaining
agricultural production, taking into account changing irrigation demands over time. Three
demand types, or nodes, are modeled throughout the system, which are in competition for
water dependent on the sequence (upstreamm/downstream). The node types are municipal and
industrial (M&I) water use, hydropower generation, and irrigation withdrawal. M&| demands
increase over time consistent with projections used in the World Bank Economics of
Adaptation to Climate Change study (World Bank 2009). Hydropower production is
calculated for existing and planned projects based on expected investment and construction
schedule using the relevant scenario data from the World Bank (2010) study. And the
existing and planned irrigation infrastructure changes over time are also obtained from World
Bank (2010). The analysis projects perturbations, or ‘shocks,” to hydropower production and
irrigated crop yield resulting from these conflicts from 2011 to 2050 across the ZRB using
the Water Evaluation and Planning (WEAP) model (Sieber and Purkey 2007), software for
integrated water resources planning. WEAP provides a mathematical representation of the
river basins encompassing the configuration of the main rivers and their tributaries, the
hydrology of the basin in space and time, existing as well as potential major schemes, and
their various demands for water.

Computations are performed on a monthly time scale for 40 years for a base-case scenario
(i.e,, no climate change) and the HFD climate change scenarios. Each climate change
scenario is characterized by unique inflows, evaporation, and irrigation demand. Unmanaged
inflows are modeled using CLIRUN-II; the output runoff projections from CLIRUN-II are
used as the available runoff in WEAP.

Surface water inflows from CLIRUN-II were used as inflows to an aggregated river in each
basin modeled in WEAP. Water supplies and demands are linked between upstream and
downstream basins, and reservoirs, irrigation, and municipal and industrial demand locations
were sequenced consistent with their actual locations. If hydropower is generated in a basin,
the reservoir and turbine characteristics are calibrated to ensure that the power produced is
validated with historical values. While the reservoir and aggregate demands are physically
located within each basin, they are not located to represent any specific reservoir or demand
site. In Section 3.4 the indicator results are discussed from this analysis.

3 Reaultsand discussion
3.1 Futureclimate scenarios

Median changes in temperature are fairly uniform across the basin showing an increase
between 1.5 and 2 degrees Celsius by the later half of the 2040s (see Figure 3). The coastal
regions tend to show glightly less warming while the temperature in the western regions is
predicted to increase about 0.2 degrees Celsius more. The distribution tails generally range
from dlightly less than 1 degree to about 3 degrees. Alternatively, changes in annual



precipitation vary considerably across the basin with a tendency toward a precipitation
decrease (see Figure 4). In northern Malawi and north-eastern Zambia the median
precipitation is predicted to be between a 3% and 8% increase. The remaining regions in the
basin countries generally show a median reduction in precipitation ranging from almost no
change to around 8% less. While the tails of the distribution show an alarming range of about
-20% to +20% basinwide.

Changes in the climate moisture index (CMI) are shown in Figure 5. The CMI is an indicator
of aridity, which depends on average annual precipitation and average annual potential
evapotranspiration (PET). If PET is greater than precipitation, the climate is considered to be
dry whereas if precipitation is greater than PET, the climate is wet. When PET is greater than
precipitation, CMI = (Precip./PET)-1 and when precipitation is greater than PET, CMI = 1-
(PET/P). A CMI of -1 is very arid and a CMI of +1 is very humid. As a ratio of two depth
measurements, CMI is dimensionless. As shown in the figure, amost all of the Zambezi
country regions are predicted to be drier in more than half of the climate scenarios. Only the
three northernmost regions are predicted to be wetter, while the driest are predicted in the
regions around the mouth of the Zambezi River in Mozambique.

3.2 Runoff modeling results

The precipitation and near-surface temperature data described above (the HFDs), along with
potential ET calculated using the modified Hargreaves equation (Hargreaves and Allen 2003)
was used to represent possible future climate scenario input. The percent change in mean
annual runoff, aggregated to five major basins, is shown in Figure 6. In this figure the
baseline mean annual runoff is shown as a proxy for the hydrologic significance of each
basin. The majority of the climate scenarios predict an increase in runoff in the Shire River
Basin and basically no change in the Zambezi at Cahora Bassa, while the remaining three
basins are showing a very likely decrease in runoff. The Upper Zambezi, where ailmost half
of the runoff is generated, is predicted to dry in over 68% of the climate scenarios. Based on
this analysis, the flows in the ZRB as a whole are likely to decrease, suggesting adverse
impacts associated with drought. These results will be used in the water resource modeling,
discussed in Section 3.4.

3.3 Crop modeling results

Using the same baseline scenario (1951-1990) as the runoff analysis, the changes in climate
variables were adjusted based on the future projections (HFDs) to produce arange of possible
impacts on the agriculture sector. The average predicted changes in the rainfed yield for the
Zambezi countries are shown in Figure 7. This study suggests a decrease in rainfed yield for
all of the cropsin at least 75% of the climate projections. In Figure 8, the changes in rainfed
yield are shown for maize across all of the four countries. Compared to the baseline scenario,
rainfed yields are predicted to be worse for Zimbabwe and Mozambique than for Malawi and
Zambia, although all countries show a decrease in yield. The range of impacts for Zimbabwe
is drastic, from almost -30% to +30%, which makes planning for the future difficult for the
country. As shown in Figure 9, the irrigation demand is predicted to increase by the 2040s for
all of the nine crops modeled in more than 75% of the climate scenarios. The distribution of
the changes in irrigation demand for sugarcane is shown for the four Zambezi countries in
Figure 10. There is only a slight difference across the countries where Malawi’s irrigation
demand is predicted to change the least and Zimbabwe the most due to much stronger drying
in the southwest than the northeast of the ZRB.



3.4 Water resource modeling results

Three measures are used here to present the changes in predicted impacts to the hydrologic
system: maximum monthly runoff predictions, used as an indicator for changes in flood risk;
hydropower generation changes; and the changes to the unmet irrigation demand. The percent
change in maximum monthly runoff is shown by country mean in Figure 11. Since the nature
of the analysis restricts us to monthly changes in runoff, the indicators presented here
correspond to large-scale (typically causing river inundation) flooding events rather than
local flash flooding events. As shown, flooding impact is predicted to increase in Malawi for
the majority of the climate scenarios with a range from -20% to +40%. In Zimbabwe,
flooding is predicted to decrease significantly in most of the climate scenarios, although there
is along, thin tail reaching an alarming 150% increase. Mozambique and Zambia both show
afairly normal distribution somewhat centered on no change, but the range (-20% to +30%)
does favor an increase in flooding events. Using a Gumbel distribution fitting, we can make
claims on the recurrence of damaging flood events. This analysis found that the recurrence of
high-damage flood events, greater than the 50-year event intensity, could increase
significantly in Mozambique, as shown in Figure 12. Considering that one high-damage flood
event occurs in the base scenario, Mozambique is likely to have a significant increase in high-
damage flood events in the future with a likelihood of tripling the base occurrence, and a tail
that suggeststhere will be between six and eight times more high-damage flood events.

The impacts on hydropower generation by country are presented in Figure 13. Malawi is the
only country where a positive impact is predicted in the magjority of scenarios. Alternatively,
in Zambia, hydropower generation is predicted to decrease in most of the future climates.
With runoff decreasing in Zambia in the west, upstream of the majority of the hydropower
plants, these results are expected. In Zimbabwe, where hydropower is generated downstream
of Zambia, hydropower production is predicted to decrease slightly in most of the scenarios,
suggesting that no significant impact would be expected based on this study. In Mozambique,
where there are a few large downstream hydropower plants, there is expected to be no
significant change in energy production. The reservoirs behind these hydropower plants are
large, with significant storage, and they are downstream of the predicted increased runoff in
Malawi, in combination with the decreasing runoff in the western part of the basin, resulting
in only small impacts. With these results we can see that the upstream hydropower plants
located in Zambia and Malawi are much more sensitive to changes in local runoff, while the
downstream plants located in Zimbabwe and Mozambique are less sensitive since they have
the luxury of a large contributing area—where a combination of increasing and decreasing
runoff is expected.

The impacts on irrigation availability are presented as the changes in shortage volume, where
the shortage volume is defined as the volume of water delivered to the irrigation node in the
WEAP model subtracted from the volume of water demanded by the particular irrigation
node. In the upstream countries, Malawi and Zambia, the irrigation shortage remained
insignificant in almost all of the scenarios (i.e. the amount of water delivered equaled the
amount of water demanded). Due to mostly increasing predicted runoff in Malawi, and very
small irrigation shortages in the base scenario, the impact of climate change on irrigated
agriculture is expected to be fairly negligible. Since irrigation water is taken mostly from the
river in Zambia upstream of the hydropower reservoirs, it islikely that the farmers are able to
find enough water for irrigation even when there is a shortage in runoff. But, as we have seen,
this choice does impact the downstream hydropower production in the country. In contrast,
irrigation shortage in Zimbabwe and Mozambique is affected negatively by the predicted



decrease in runoff. The distributions are shown in Figure 14 for Zimbabwe and Mozambique,
where here an increase implies a negative impact. In Zimbabwe, irrigation shortage is
predicted to increase about 25% (between 5% and 50%) in most of the scenarios with a full
range from a 50% decrease to a 75% increase. For Mozambique, the impacts are predicted to
be less severe where, again the decrease in runoff in the west is balanced in part by the
increases in runoff in the north. But the impacts are predicted to by negative in more than
98% of the scenarios with the most common around 15%.

4  Conclusions

Based on this study of the Zambezi valley system, the future climate is likely to be drier in
the basin as a whole although there is a tendency toward a wetter climate in a small section in
the north. Drier climate means more risk related to drought impact. We have quantified how a
range of predicted climate (with a tendency toward drying) will likely reduce surface water
availability basinwide, increase irrigation demand, and decrease rainfed crop yields. And
finally, using a water resource system model, we have shown a range of possible impacts on
economically significant outcomes, namely changes in flood probability, hydropower
generation, and unmet irrigation demand. Of the four countries in the region, Malawi is the
least sensitive to climate change. Based on the study, the only concern for Malawi is a slight
increase in flood risk. Alternatively, Zambia is predicted to experience losses in terms of
hydropower generation, caused in part by expected decreases in runoff in the west and in part
by upstream irrigation projects. Also, large increases in flooding risk are not likely but
possible for the country as a whole. In Zimbabwe, since hydropower plants are mostly
upstream of the irrigation projects, changes in hydropower generation are not likely to be
impacted although there is about an equal chance of increase as decrease. In contrast, the
future irrigation investments could be at risk of water shortage. The impacts to Mozambique
are likely to be fairly mild because it has the benefit of a large contributing area with varying
types of impact (both increases and decreases in surface water availability), but damaging
flood events will happen much more often.

As mentioned, climate changes after 2050 are generally predicted to be more drastic.
Changes in the latter part of the century, not included in his study, might be useful in future
planning. Also, since all of the impacts are discussed here as changes from a baseline
scenario, inter-annual variability, which can be the cause of major impacts, is not considered
in this analysis. Regardless, studies like the one presented here can help decision makers
develop an informed risk-based strategy for national policy decisions, and help to direct
further studies where local detail is considered.
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Zambezi Basins

Figure 1: Sub-basin division of Zambezi River Basin with superimposed half degree grids
Source: authors’ creation.
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Figure 2: Political division of Zambezi river basin by country boundaries and sub-regions with a
superimposed 1 degree square grid

Source: authors’ creation.
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Figure 3: Climate scenario distribution of near-surface temperature (in degrees C) over the political
boundaries of the four Zambezi River Basin countries averaged over the last five years simulated,
2046-2050
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Figure 5: Climate scenario distribution of changes in climate moisture index over the political
boundaries of the four Zambezi River Basin countries averaged over the last five years simulated,

2046-2050

Source: authors’ creation.
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Figure 6: Climate scenario distribution results of the predicted % change in runoff for the five major
sub-basins of the Zambezi Valley averaged over the last five years simulated, 2046-2050

Source: authors’ creation.
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Figure 7: Climate scenario distribution of the four-country mean % change in the rainfed yield of all

Crops for the Zambezi countries averaged over the last five years simulated, 2046-2050
Source: authors’ creation.
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Figure 8: Climate scenario distribution of the country mean % change in the rainfed yield of crops for

the Zambezi countries averaged over the last five years simulated, 2046-2050
Source: authors’ creation.
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Figure 9: Climate scenario distribution of the four-country mean % change in the irrigation demand of

all crops for the Zambezi countries averaged over the last five years simulated, 2046-2050
Source: authors’ creation.
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Figure 10: Climate scenario distribution of the country mean % change in the irrigation demand of

crops for the Zambezi countries averaged over the last five years simulated, 2046-2050
Source: authors’ creation.
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Figure 11: Climate scenario distribution of the % change in maximum monthly runoff (used as an
indicator for changes in flood events) is shown by country mean over the last five years simulated,
2046-2050

Source: authors’ creation.

21



1200

1000+

800+

600+~

400~

200+

Figure 12: Distribution of flooding events over the 50-year return period intensity in Mozambique
normalized by regions. The black line represents the base scenario

Source: authors’ creation.
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Figure 13: Climate scenario distribution of the % change in hydropower generation is shown by
country mean over the last five years simulated, 2046-2050

Source: authors’ creation.
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Figure 14: Climate projection distribution of the % change in irrigation shortage in Mozambique (left)
and Zimbabwe (right)

Source: authors’ creation.
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