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A situational analysis of future drought and flood impacts in Zimbabwe is outlined in this present study.
The assessment under different scenarios is carried out using Aqueduct Global Flood Analyzer in which all
the analyses are based on the gross domestic product (GDP), population, and the present and future (2030)
urban damage. In this study, to effectively estimate future changes, three scenarios were employed, namely,
IPCC Scenario A2, the Representative Concentration Pathways (RCP) scenario which represents climate
change, and the Shared Socio-economic Pathways (SSP) scenario which represents socio-economic change.
All these scenarios were employed from the Intergovernmental Panel on Climate Change 5" Assessment
Report. To determine current mean monthly precipitation, 1981-2010 data were used and Meteonorm V7
software was employed for the generation of the mean monthly precipitation from 2011 to 2100. The level
of flood protection employed is a 10-year one which is used to identify the population at risk, the effects of
this event on the GDP and to determine the rate at which urban damage is happening. Utilizing Meteonorm
V7 software, average monthly precipitation is predicted. This study determined that, in any year, the majority
of Zimbabwe has a low to medium (2-3% probability) flood occurrence in which a 10-year flood has a 10%
occurrence probability in any given year. If there is no flood protection employed, this 10-year flood could
cause around 74.9 million USD affected GDP, 119 thousand affected population and 49.5 million USD urban
damage. As much as it is impossible to eliminate drought and flood events, a diminution approach and
proper planning and preparation before their occurrence reduce the economic and social losses.

INTRODUCTION

Due to climate change, droughts and floods have become more frequent in various parts of the
world, of which some extreme cases result in loss of lives and properties (Dalu et al., 2018; Nchito
2007; Douglas et al., 2008; Turral et al., 2008; Bates et al., 2008; Gornall et al., 2010; Ligtvoet et
al., 2013; Simane et al., 2016; Samu and Kentel, 2018; Kjeldsen et al., 2002). Floods are observed
mostly as a result of extreme precipitation, tidal influences, or the release of a huge amount of water
unexpectedly from a storage such as snowpacks or dams. On the contrary, droughts occur when
there is a prolonged period of less than expected rainfall. In comparison to floods, droughts have
a longer lifespan as they can persist for a couple of years, such as the droughts in Namibia in 2013
(Schlechter, 2013).

Studies and analyses of floods and droughts have been performed for different parts of the world.
Li et al. (2013) studied annual variations and causes of drought and flood hazards in South China.
Their results show that places in the southwest and north of Guangxi, Guangdong and the junction
of Fujian and Jiangxi were at high risk of excess flooding. Asumadu-Sarkodie et al. (2015a) analysed
drought and flood in Rwanda. They concluded that Rwanda’s probability of inland flooding was
more than 20% in any given year and a 10-year flood would have a 10% probability of occurrence in
any given year and could cause around 6.1 million USD worth of damage. Asumadu-Sarkodie et al.
(2015b) also did an impact analysis study of the flood in Ghana’s capital, Accra. This was a study prior
to the flood in Accra that happened in 2015 (3 June), in which more than 152 lives were lost. They
employed a 10-year flood protection level model.

Mubaya et al. (2010) collected data and employed quantitative and qualitative methods to perceive the
impacts of climate-related parameters such as floods and droughts on smallholder farmers in Zambia
and Zimbabwe. They concluded that farmers identify impacts of drought and flood in terms of water,
crop yield, human and livestock health, and other socio-economic factors. In similar research, Bola
et al. (2014), collected data from 144 households using interviews, discussions, and questionnaires
to understand if and in what ways extreme floods and droughts impact on livelihoods: According to
perceptions of households, average rainfall has decreased over the years and dry spells have become
more frequent. On the other hand, according to households’ opinion, there is an increase in the
frequency of flood events.

Over the years, losses due to flooding have been increasing mainly due to global warming, high rates
of urbanization of the flood-prone areas, an increase in population densities, amendments of the
usage of the land, and a lot of sub-customary constructions. Due to these and many other reasons,
chances of flooding in cities are high, mainly because of high population densities and concentration
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of economic activities (Asumadu-Sarkodie et al, 2015a).
Against this backdrop, improvements for design flood estimation
procedures are being explored. Some such studies for South
Africa were performed by Kershani and Smithers (2005) in the
Thukela catchment in South Africa and by Nathanael et al. (2018).

Recently, Ward et al. (2016) provided the first modelling exercise
that assesses the link between flood frequency and duration and
inter-annual climate variability on a global scale. Their results
show that flooding duration is more sensitive to El Nifio Southern
Oscillation (ENSO) than is the frequency of the flood.

The 1992 drought in Zimbabwe was one of the worst droughts in
recorded history, which was experienced throughout Southern
Africa (Maphosa 1994). This drought transformed the country
from having a food surplus to a food importer. In their study,
Manatsa et al. (2010) analysed the frequency and spatiotemporal
characteristics of agricultural droughts in Zimbabwe using the
Standard Precipitation Index. They considered 1901-2004 rainfall
data and concluded that severe and extreme droughts tended
to be concentrated near the end of the time-series. In another
recent study, Mukwada and Manatsa (2018) concluded that the
mean temperature has been rising since 1980, and examined the
effects of severe droughts in Southern African countries, including
Zimbabwe. Future climate predictions for Southern Africa outline
an increase in drought severity, thus indicating the need to have
drought mitigation measures in place (Sifundza et al., 2019). In the
identification of drought events, several methods are employed;
however, Chamaille-Jammes and Murindagomo (2007) have
suggested that the quantile regression approach is a valuable tool
to investigate climatic changes in arid and semi-arid regions.

Some studies have concluded that Zimbabwe’s average annual
rainfall has declined by 10% or 100 mm in the past 100 years.
Mazvimavi (2010) investigated the validity of this assumption; the
results revealed that statistically there is no significant trend. On
the other hand, Brown et al. (2012) studied several publications
which examined projections, certain scenarios, and climate
change trends in Zimbabwe and concluded that the nation is
already experiencing the effects of climate change, shown by
extreme weather conditions and precipitation patterns. Shortly
before this study, Chikozho (2010) examined the major impacts of
climate change and rainfall variability on the rainfed agricultural
sector in vulnerable agro-ecological regions of Zimbabwe. Studies
on mitigation measures that can be employed for a sustainable
future, especially in the flood-prone and vulnerable regions
in Zimbabwe, were performed by Samu and Kentel (2018) and
Gwimbi (2009).

As these papers outline, different methodologies have been
applied to different studies and locations but none has presented
a situational analysis for both drought and flood events in
Zimbabwe, which is the novel contribution of this study. Affected
Gross Domestic Product (GDP), affected population and urban
damage is determined for a 10% probability of flood occurrence. In
order to estimate the changes in the future, the IPCC Scenario A2,
the Shared Socioeconomic Pathways (SSP) and the Representative
Concentration Pathways (RCP) are the scenarios employed.

Demographics

Zimbabwe is a landlocked country with an estimated area of
390 760 km?® situated at an average of 19.0154°S latitude and
29.1549°E longitude. The country straddles the high plateau
between the Limpopo and the Zambezi rivers to the south and
to the north, respectively, with a tropical climate (World Bank,
2019). The Udizi and Nyanga Mountains stretch along the border
to the east with Mozambique; Zimbabwe's highest (2 592 m amsl at
Nyanga Mountains) and lowest (162 m amsl at the intersection of
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Save and Runde Rivers) are also found here. The Nyanga Mountain
is a source of three rivers: Pungwe River which flows due east into
Mozambique, Gairezi River, and Nyamuziwa River. Water bodies
in Zimbabwe constitute 26 572 km?, around 6.8% of the surface.
Zimbabwe receives 266 666 million m? as an annual mean rainfall,
of which 7.5% of it is carried by rivers (World Atlas, 2019).

However, the mean annual evaporation of 1 200 mm to 1 800 mm
is quite high thus creating a deficit in the water balance
throughout the year. The highest annual rainfall of 2 000 mm is
recorded in the eastern highlands, whilst over one-quarter of the
land area receives less than 600 mm (FAO, 1997). The dry season
is 7 months a year; hence temporary water shortages have been
observed in recent years.

Zimbabwe is a sparsely populated nation with an average of
43.28 people/km?, giving a total population of 17 197 655 (World
Population Review, 2019). Zimbabwes economy is based on
a number of factors, with agriculture contributing 19% of the
country’s GDP and 80% of Zimbabweans lives depending on
mostly rain-fed agriculture (Nangombe, 2013). Zimbabwe used
to be considered the ‘breadbasket’ of the Southern African
Development Community (SADC) region, but currently,
Zimbabwe is in a food crisis. This is so mainly due to droughts
which have prevailed for years, in which the water table is lowered.
There has been accelerated runoff due to deforestation and this
results in rivers drying sooner than before; even the major rivers
such as Limpopo and Save have had their water levels decreased.
Agricultural output has decreased as a result of these droughts,
though population growth plays a big role in the causes of these
droughts.

The hydrography of Zimbabwe comprises 6 basins in which the
largest are the Limpopo and the Zambezi. Parts of Masvingo drain
into the Save River basin and the Indian Ocean. There is an inland
drainage basin of the Okavango via Nata River in Matabeleland
North. The Buzi River and Pungwe River cover the southern and
northern parts of Manicaland and both drain into the Indian
Ocean through Mozambique (World Atlas, 2019).

Zimbabwe’s flood and drought history

From time to time, Zimbabwe experiences both droughts and
floods, and these constitute the majority of the natural disasters
experienced by the country. Droughts mostly last up to about
5 years. In these times, grasses and trees wilt, animals perish
from thirst and hunger and crop failure is observed leading
to food shortages. The history of droughts in Zimbabwe can
be traced back to pre-colonial times. The terms for drought in
the vernacular Shona are chingwaga, shangwa or nzara, which
ultimately mean hunger, as droughts have been argued to be
the leading cause of famines. However, the post-independence
Zimbabwe administration has been commended for its effective
management of drought impacts (Hicks, 1993).

Zimbabwe has experienced several mild, severe, and extreme
droughts, but has never experienced a killing famine in which
masses of people die due to malnutrition and starvation. In
recorded history, 1820-1830 was a period of severe drought in the
whole of Africa (GAIA, 1994). Zimbabwe used to produce more
than 80 000 tons/a of maize, which is the staple diet; however,
in 1991-1992 Zimbabwe experienced the worst drought in
living memory, which saw maize production decreasing by 75%
resulting in the collection of only 13 000 tons of maize by the
Grain Marketing Board, just enough to feed the whole nation
for 2 days (Nangombe, 2013). Again, due to intervention by the
government to provide food for the people, this drought did not
result in a famine. Drought prevailed again in 1993 and 1994,
then again in 2002, 2004 and 2012. The 2012 drought left around

449



1.4 million people, almost 10% of the country’s population, faced
with famine (Nangombe, 2013). Table 1 gives a summary of the
drought history in Zimbabwe up to 2013.

On average, 250 lives in Zimbabwe are claimed by floods yearly
(Mutsaka, 2017). On 22 February 2000, Zimbabwe was hit by
Cyclone Eline, which affected the eastern and the southern
parts. This tropical cyclone arrived at a time when the main river
basins, the Save in Manicaland and Limpopo in Matabeleland
South and Masvingo, were already facing life-threatening
floods (UN Zimbabwe 2000). 500 000 people were affected, of
which 96 000 needed urgent help related to shelter, water, food,
agriculture, sanitation, transport, communication, and education.
There were 106 recorded deaths and 20 000 were left homeless
(UN Zimbabwe, 2000).

On 9 January 2015, more than 10 people died due to a flood
in Mbire (Share, 2015). In this unexpected event, hospitals,
bridges, schools, and toilets were destroyed. On 4 February of the
same year, 158 mm of rainfall fell in the capital city Harare. In
total 18 flood deaths were recorded in 2015 (Davies, 2015). On
15 March 2019, the eastern region of Zimbabwe was hit by Cyclone
Idai, with Chipinge and Chimanimani districts in Manicaland
Province the hardest-hit. An estimated 250 000 people were
impacted, with 154 people recorded dead, 162 reported injured,
136 still marooned and 687 still missing as of 27 March 2019.
A summary of the natural disasters in Zimbabwe from 1900 to
2016 is given in Table 2.

Drought and flood management strategies

The major keys to drought and flood management are the issues
of preparedness, recovery, mitigation, and response. Following

independence in 1980, the government of Zimbabwe set up an
emergency management system. In times of emergency, this
system would utilize the available national resources following
an order from the presidential office (Chikoto and Sadiq, 2012).
Currently, Zimbabwe’s National Policy on Drought Management
mainly focuses on sustainability and improving livelihoods as a
way of lowering stresses experienced by inhabitants. The policy
argues strongly for enforcement of an integrated approach to the
management of drought pointing out that the country should not
address droughts through crisis management but should treat
droughts ‘as part of long-term development programming’

For flood mitigation, there are two types of measures adopted in
Zimbabwe (Madamombe, 2004). Firstly, there are the structural
measures in which weirs and dams are constructed mainly for the
storage of runoff. Table 3 shows some of the major dams that play a
role in flood mitigation in the Zambesi basin (Madamombe, 2004).
Non-structural types of mitigation include flood forecasting, as well
as rescuing, evacuation, and resettlement of the flood victims. This
is the most important type of flood management. For forecasting,
the information on the prevailing weather conditions is provided
by the Meteorological Service Department of Zimbabwe.

METHODOLOGY

Meteonorm V7 software was used to obtain the meteorological data
used in the present study. Meteonorm is a unique combination of
reliable data sources and sophisticated calculation tools in which
accurate and representative typical meteorological years for any
place on Earth are generated. One can choose from more than 30
different weather parameters. The database comprises more than
5 geostationary satellites, a globally calibrated aerosol climatology

Table 1. Droughts in Zimbabwe between 1950 and 2013 (Nangombe, 2013)

Grade Extreme drought Severe drought Mild drought

Drought years 1983, 1992 1968, 1973, 1982, 2004 1951, 1960, 1964, 1965, 1970, 1984, 1987, 1991, 1995, 2002,
2003, 2005, 2007, 2008, 2009, 2010

Total 2 4 16

Table 2. Natural disasters in Zimbabwe from 1900 to 2016 (CRED, 2016)

Disaster type Number of events Deaths Total affected population Damage (USD)
Drought 8 0 18 512 642 51000
Flood il 287 344022 296 500
Storm 4 29 475 1200
Epidemic 22 6337 622789 -

Table 3. Dam capacities in the Zambesi Basin (Madamombe, 2004)

Dam Purpose Capacity (x 10° m3)
Seke Water supply 3.38
Bhiri-Manyame Irrigation 172.40
Harava Water supply and irrigation 9.00
Bumururu Water supply and irrigation 2.00
Karoi Water supply 1.35
Eastworlds Irrigation 24.00
Manyame Water supply and irrigation 480.20
Chivero Water supply and irrigation 247.20
Blockley Water supply and irrigation 4.90
Pembi Water supply and irrigation 2.30
Mazvikadei Water supply and irrigation 343.80
Kariba Water supply and hydroelectric power generation 64 800.00
Total capacity 66 090.33
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and over 8 000 weather stations. Based on these, sophisticated
interpolation models, based on more than 30 years of experience,
provide results with high accuracy worldwide (Meteonorm, 2016).
It was not possible to get a historical rainfall dataset after the year
2010 from the Meteorological Authority of Zimbabwe; therefore,
this software was employed, making this study one of the few
to date in which this method has been employed. The historical
data used for the determination of the current average monthly
precipitation for the whole country were from 1981 to 2010. The
data used for the prediction of the average monthly precipitation
in the years 2011 to 2100 were generated by employing the
Intergovernmental Panel on Climate Change (IPCC) Scenario A2.
This employed scenario assumes a population decrease (Pachauri
et al.,, 2014). Studies which consider the amount of rainfall have
proved reliable in the determination of variabilities in climate
change, as either drought or flood are all directly dependent on
the amount of precipitation (Raleigh et al., 2015).

In this study, Aqueduct Global Flood Analyzer was used for the
flood risk analysis in Zimbabwe (Edenhofer et al., 2012; Samu
and Kentel, 2018). This software assumes that population growth,
climate change, and global economic development will alter
the competition for and availability of water around the world.
Projections of climate variables were driven primarily by general
circulation models from the Coupled Model Intercomparison
Project (CMIP) Phase 5 Project, and socioeconomic variables
were based on the Shared Socioeconomic Pathways database from
the International Institute for Applied Systems Analysis (Luck et
al,, 2015). Aqueduct Flood Analyzer has been employed in a few
studies for flood hazard mapping as well as the determination
of future flood risks (Brakenridge, 2010; Eilander et al., 2017;
Sutanudjaja et al., 2017; Winsemius et al., 2015). A series of models
are employed for the estimation of river flooding impacts. These
impacts are mainly focused on the amount of urban damage in US
dollars (USD) caused by floods, the GDP that will be exposed to
floods and the population that will be affected by floods.

The following series of steps are employed by the Aqueduct Flood
Analyzer. In the global hydrological and hydraulic modelling,
daily river runoft and flood volumes are simulated for the period
1960-1990. The PCR-GLOBWB, which is the global hydrological
model, and its extension, DynRout, for dynamic routing, are then
used (PCR-GLOBWB 2017). The daily radiation, temperature, and
precipitation are used for the estimation of the river runoff. For the
calculation of the volume of the floods for any flood magnitude,
ranging from a 2-year flood event to a 1 000-year flood event,
extreme value statistics were used. In this step, the daily flood
volume time series for 1960-1999, and annual maximum flood
volumes for each 0.5° x 0.5° cell on the map are extracted, and
these are fitted to an Extreme Value (Gumbel) distribution curve.
Inundation modelling follows in which course resolution flood
volumes are converted to high-resolution ones using GLOFRIS
downscaling module. GLOFRIS estimates the effect of land cover
and climate change on global flood risks in river catchments and
coastal areas (Ward et al., 2013; Winsemius et al., 2012). Then
impact modelling is employed in which several types of flood
impacts are estimated for varying magnitudes of floods. These
are then aggregated to user-selected geographic units (countries,
states, basins). The included impacts are urban damage, exposed
population, and GDP, all estimated in US dollars. Flood risk in the
future can be impacted by either economic growth, socio-economic
changes, and climate change. For the estimation of the future flood
risk, Global circulation models (GCM) over the period 2010-2049
and socio-economic data (socio-economic change) were employed.

In the present study, the risk of the flood was estimated by
Aqueduct Global Flood Analyzer based on the urban damage, the
GDP, and the country’s population for the year 2010 and the future
(up to 2030). Changes in the future are expected and for their
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estimation Shared Socioeconomic Pathways (SSP) and the
Representative Concentration Pathways (RCP) obtained from
the IPCC 5" Assessment Report released in 2013, representing
socioeconomic change and climate change scenarios, were
employed. Scenario A comprises SPP, which assumes a
continuation of the socio-economic development and RCP,;
in which a moderate climate change is assumed. Scenario B
comprises SPP, which assumes a continuation of the socio-
economic development and RCP, in which a severe climate
change is assumed. Scenario C comprises SPP, in which
fragmented economies and uncontrolled population growth is
assumed and RCPg, in which severe climate change is assumed
(Edenhofer et al., 2012).

Between the years 1985 and 2011, a couple of floods were recorded
in the catchments and the Flood Occurrence (FO) was used to
measure them. From this, the flood extent was reported and
obtained from the Global Flood Observatory and remote sensing
was modelled mathematically as:

Fros;=count({ENE  j = D}) (1)

where E is the polygons’ extent that is joined spatially to the
j catchments so as to count the floods which may affect each
catchment over the recorded period.

To measure the average severity of the drought events in the period
1901-2008, drought severity (DRO) was used (Gassert et al., 2015;
Wood, 2008). In every grid cell, a dataset is obtained using a monthly
soil moisture hydrograph and the drought that has been defined
runs continuously whilst the moisture in the soil falls below the 20"
percentile of the monthly hydrograph (q(6) < 20%):

t+D-1
S = Z 20%-¢(0), @)
1=,
S=IxD (3)

where S represents the drought severity running at the beginning
oftime, #, and I is the intensity that is equivalent to the mean points
in which the moisture in the soil falls under the 20™ percentile and
D is the drought length, measured in months.

Aqueduct Global Flood Analyzer calculates the dataset of the
averaged severity (S) and the mean of the hydrological catchments
in Zimbabwe using:

TDRO»; = z mean(S)p (4)

Pcj

The employed methodology for this present study is limited to
simulations of large-scale river flooding, and does not include
fluvial, coastal or flash flooding; for the estimation of urban
damage, the inundation depth and the actual damage are estimated
to be the same throughout the whole world.

RESULTS AND DISCUSSION

Mainly due to climate change and population growth, Zimbabwe
is facing a water crisis, leading from anomalies in rainfall trends
and long periods of drought. Figure 1 shows an analysis of ‘access
to water’ for Zimbabwe obtained using Aqueduct Water Risk
Atlas. By definition, access to water measures the population
percentage that has no access to improved and safe drinking water
sources (Aqueduct Water Risk Atlas, 2016). As shown in Fig. 1,
Zimbabwe has a ‘high’ (10-20%) risk of the population having
limited access to safe drinking water supplies; this indicates that
reputational risks are quite high to people using water inequitably.

Figure 2 shows the monthly average precipitation and temperature
values for Zimbabwe obtained from the 1901-2015 dataset
(World Bank Group, 2017) and Table 4 shows the average seasonal
precipitation and temperature values which are calculated using
the 1961-1990 datasets as well (Osborn, 2016).
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NQRT
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Francistown ®

CENTRAL

Selebi-Phikwe
.

Access to Water
Low (<2%)
Low to medium (2-5%)

1 Medium to high (5-10%)
M High (10-20%)

M Extremely high (>20%)
B No data

Definition

Access to water measures the percentage

of population without access to improved
drinking water sources. Higher values indicate
areas where people have less access to safe
drinking water supplies, and indicating high
reputational risks to those using water in an
inequitable way.

Sources: WHO UNICEF JMP 2010

Figure 1. Access to water map of Zimbabwe (Aqueduct Water Risk Atlas, 2016)
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Figure 2. Average monthly precipitation and temperature for Zimbabwe using 1901-2015 dataset (World Bank Group, 2017)

Table 4. Average seasonal precipitation and temperature for 1961-1990

Variable Spring Summer Fall Winter Annual
Mean temp. (°C) 20.8 16.5 23.1 23.7 21.0
Precipitation (mm/month) 40.4 2.9 36.5 148.9 228.7

Using 10 different GCMs used in the IPCC 4% Assessment
Report and finer projections for the southeast of Harare, Messina,
and Rusape Stations, projections of future climate changes for
Zimbabwe were also performed. Temperature projections showed
an increase in the range of 2-2.75C by the period 2046-2065.
Rainfall projections showed that in the same period (2046-2065),
there will be a decrease in September-November rainfall and
a later onset of the rainy season, from December to January
(Taylor, 2013).

Flood risk assessment in Zimbabwe

Aqueduct Water Risk Atlas was used for an analysis of the flood
occurrence and the results are shown in Fig. 3. Eastern parts of
Matabeleland South, Masvingo, and Midlands provinces, as well
as the Zambezi region and eastern border parts of Zimbabwe,
have a high probability (10-27%) of occurrence of floods. The
majority of the nation has a low to medium (2-3% probability)
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flood occurrence, except for Mashonaland East province which
has low (0-1% probability) of flood occurrence. Flood occurrence
in this context is defined as the number of flood events that
occurred from 1985 to 2011 (Aqueduct Water Risk Atlas, 2016).

Using the 10-year flood protection level, the rate of urban damage
was determined and its effects on the GDP and the population at
risk were predicted as well. A 10-year flood is a flood event that has
1 in 10 chance (10% probability) of being equalled or exceeded in
any given year. The flood protection level outlines to what extent
any given area is protected against flood damage (Analyzer, 2016).
The protection is provided by imposing restrictions on settlements
in flood-prone areas and by investing in flood protection
infrastructure such as dikes. However, it is understood that dikes
might not be the (or the only) way to mitigate flood risks in many
places. Other flood protection schemes, such as dams, mangroves
and early warning systems, should all be considered and evaluated
when information is available and the situation applicable.
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Figure 3. Flood Risk Map of Zimbabwe (Aqueduct Water Risk Atlas, 2016)

Urban damage in Zimbabwe

‘Urban damage’ is an estimate of the direct annualized damage
of assets as a result of inland flooding in the urban areas. Table 5
gives the urban damage in Zimbabwe based on 1 000-year to
2-year flood event occurrences. This information is also given in
Fig. 4. The estimated urban damage will be a possible outcome if
there is no flood protection.

Urban damage in Zimbabwe for 2030 based on different scenarios
is given in Table 6. Based on Scenarios A, B, and C, the current
annual expected urban damage for Zimbabwe is 7.3 million
USD, accounting for its existing country-wide average 10-year
flood protection. Based on Scenario A, by 2030, 64.6% of the
expected increase in annual urban damage in Zimbabwe could
be driven by socio-economic change. This is with an assumption
that no additional flood protection is introduced. Again, with the
assumption of no introduction of any flood protection by 2030,
35.4% of the expected increase in annual expected urban damage
in Zimbabwe could be driven by climate change. By 2030, annual
urban damage could reach 23.1 million USD in Zimbabwe,
assuming that no additional flood protection is introduced.

Table 5. Urban damage based on different flood events

Flood event Probability of Urban damage
return period (year) occurrence (%) (million USD)
1000 0.1 148.6
500 0.2 134.5
250 0.4 121.0

100 1.0 101.8

50 2.0 85.0

25 4.0 69.6

10 10.0 49.5

5 20.0 324

50.0 0.0

Flood Occurence
Low (0-1)
Low to medium (2-3)
[ Medium to high (4-9)
M High (10-27)
M Extremely high (>27)
B No data

Definition
Flood occurrence is a count of the number
of floods recorded from 1985-2011.

Sources: Brakenridge, Dartmouth
Flood Observatory 2011
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Figure 4. Urban damage based on 1 000-yr to 2-yr flood events

Based on Scenario B, by 2030, 60.6% of the expected increase in
annual urban damage in Zimbabwe could be driven by socio-
economic change. This is with an assumption that no additional
flood protection is introduced. Again, with the assumption of
no introduction of any flood protection, by 2030, 39.4% of the
expected increase in annual expected urban damage in Zimbabwe
could be driven by climate change. By 2030, annual urban damage
could reach 26.9 million USD in Zimbabwe, by assuming that no
additional flood protection is introduced.

Scenario C assumes that by 2030, 58.2% of the expected increase
in annual urban damage in Zimbabwe could be driven by socio-
economic change. This is with an assumption that no additional
flood protection is introduced. Again, with the assumption of
no introduction of any flood protection, by 2030, 41.8% of the
expected increase in annual expected urban damage in Zimbabwe
could be driven by climate change. By 2030, annual urban damage
could reach 24.9 million USD in Zimbabwe, assuming that no
additional flood protection is introduced.

Table 6. Urban damage in Zimbabwe for 2030 based on different scenarios for 10-yr flood protection

Damage/impact Scenario A Scenario B Scenario C
(million USD)
Current annual expected urban damage 73 73 73
Increased impact due to socio-economic change 10.2 1.9 10.3
Increased impact due to climate change 5.6 7.8 74
2030 annual expected urban damage 23.1 26.9 24.9
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Affected gross domestic product

The Analyzer also gives an estimation of the GDP that is affected
by inland flooding in a given area annually. The Analyzer overlays
a global inundation map on a global GDP map to reveal the
USD value of assets regularly exposed to inland floods (Analyzer
2016). Based on a 10-year flood protection level in Zimbabwe,
Fig. 5 shows the affected GDP and Table 7 summarizes the results
obtained from Fig. 5. The estimated ‘affected GDP’ will be a
possible outcome if there is no flood protection

In Table 8, Scenarios A, B and C assume that the current annual
expected affected GDP for Zimbabwe is 8.1 million USD,
accounting for its existing country-wide average 10-year flood
protection. Assuming that no flood protection is introduced,
Scenario A predicts that by 2030, 57.4% of the expected increase
in annual affected GDP in Zimbabwe could be driven by socio-
economic change, 42.6% of the expected increase in annual
expected affected GDP in Zimbabwe could be driven by climate
change and the annual affected GDP could reach 19.9 million USD.

Scenario B projects that by 2030, 57.6% of the expected increase
in annual affected GDP in Zimbabwe could be driven by socio-
economic change, 42.4% of the expected increase in annual expected
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Figure 5. Affected GDP based on a 10-year flood protection level

Table 7. Affected GDP based on 10-yr flood protection

Flood event Probability of Affected GDP
return period (years) exceedance (%) (million USD)
1000 0.1 101.6
500 0.2 98.2
250 0.4 93.3
100 1 88.9
50 2 84.8
25 4 81.1
10 10 74.9

20 67.9

50 0.0

Table 8. Affected GDP in Zimbabwe for 2030 based on different
scenarios

affected GDP in Zimbabwe could be driven by climate change and
the annual affected GDP could reach 19.7 million USD in Zimbabwe,
assuming that no additional flood protection is introduced.

By 2030, based on Scenario C, 40% of the expected increase in
annual affected GDP in Zimbabwe could be driven by climate
change, 60.0% could be driven by socio-economic change and the
annual affected GDP could reach 21.7 million USD. This is with
the assumption that no additional flood protection is introduced.

Affected population

‘Affected population’ shows an estimation of the number of people
that are affected by inland flooding in a given area annually.
The Analyzer overlays a global inundation map on a global
population map to reveal the total population exposed to inland
floods (Analyzer, 2016). Based on a 10-year flood protection
level in Zimbabwe, Fig. 6 shows the affected population. Table 9
summarizes the results obtained from the points marked on
the graph in Fig. 6. The estimated ‘affected population’ will be a
possible outcome if there is no flood protection.

In Table 10, the current annual expected affected population for
Zimbabwe is 13 200, based on Scenarios A, B and C, accounting
for its existing country-wide average 10-year flood protection.
Assuming that no flood protection level is employed, by 2030,
the annual affected population could reach 14 000; 100% of the
expected increase in annual affected population in Zimbabwe
could be driven by climate change and 0% of the expected increase
in annual affected population in Zimbabwe could be driven by
socio-economic change.

No increase in affected population is expected to be driven by
socio-economic change for scenarios A and B, thus by 2030,
100% of the expected increase in annual affected population in
Zimbabwe could be driven by climate change. The annual affected
population is projected to reach 16 900 by 2030, assuming that no
additional flood protection is employed.
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Figure 6. Affected population based on a 10-year flood protection level

Table 9. Affected population based on 10-yr flood protection
Probability of

Flood event return Affected population

period (years) exceedance (%) (thousands)
Scenario A Scenario B Scenario C 1000 0.1 165.4
(million USD) (million USD) (million USD)

500 0.2 158.7
Current annual expected 8.1 8.1 8.1 250 0.4 152.0
urban damage

100 1 144.6
Increased impact due to 6.8 6.6 8.1
socio-economic change 50 2 137.5
Increased impact due to 5.0 49 5.4 2 4 1313
climate change 10 10 119.6
2030 annual expected 19.9 19.7 217 20 106.3
urban damage 50 0.0

Water SA 46(3) 448—457 / Jul 2020 454

https://doi.org/10.17159/wsa/2020.v46.i3.8655



Table 10. Affected population in Zimbabwe for 2030 based on different scenarios

Scenario A Scenario B Scenario C
(x 1000 people) (x 1000 people) (x 1000 people)
Current annual expected urban damage 13.2 13.2 13.2
Increased impact due to socio-economic change 0.00 0.00 37
Increased impact due to climate change 0.85555 3800 4.7
2030 annual expected urban damage 14.0 16 900 21.6
Sl Cabora " R Gar & 4 ¥

Drought Severity
Low (<20)
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1 Medium to high (30-40)
W High (40-50)
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Definition
Drought severity estimates the average
of the length times the dryness of droughts
from1901 to 2008. Drought is defined as a
continuous period where soil moisture remains

- below the 20th percentile, length is measured
in months, and dryness is the number of
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~ Sources: Sheffield and Wood 2007

Figure 7. Drought Severity map of Zimbabwe (Aqueduct Water Risk Atlas (B), 2016)

Scenario C predicts that by 2030, the annual affected population
could reach 21 600, with 56.2% of the expected increase in
annual affected population being driven by climate change and
the remaining 43.8% of the expected increase in annual affected
population being driven by socio-economic change, assuming no
introduction of any additional flood protection level.

Drought severity assessment in Zimbabwe

Droughtseverity isarough approximation of the mean of the length/
duration multiplied by how dry the droughts are from 1901-2008.
Drought is an ongoing timeframe in which the moisture in the
soil stays under the 20" percentile (Aqueduct Water Risk Atlas
(B), 2016). Figure 7 shows the drought severity map of Zimbabwe.
The results obtained using Aqueduct Water Risk Atlas show
that the majority of Zimbabwe has a medium to high (30-40%
probability) drought severity, save for a small area in between
Masvingo, Mashonaland East, and Manicaland provinces, which
have a high (40-50% probability) drought severity. The eastern
border of Zimbabwe, the northern parts of Mashonaland Central
province, Matabeleland South, Midlands and Masvingo provinces
all have a low to medium (20-30% probability) drought severity.

CONCLUSION

It is impossible to eliminate drought and flood events, but a
diminution approach and proper planning and preparation
before their occurrence reduce the economic and social losses. In
this study, a situational drought and flood analysis in Zimbabwe
was outlined. The assessment was carried out using Aqueduct
Global Flood Analyzer in which all analysis is based on the GDP,
population, and the present and future (2030) urban damage.
Three scenarios were employed in this study to effectively estimate
future changes. The RCP scenario, which represents climate
change, and the SSP scenario which represents socio-economic

Water SA 46(3) 448—457 / Jul 2020
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change, both from the Intergovernmental Panel on Climate
Change 5™ Assessment Report, were employed. 1981-2010
mean monthly precipitation data were used and Meteonorm V7
software was employed for the generation of the mean monthly
precipitation from 2011 to 2100. The level of flood protection
employed is a 10-year one which is used to identify the population
at risk, the effects of this event on the GDP and to determine the
rate at which urban damage is happening. This present study
determined that, in any year, the majority of Zimbabwe has a
low to medium (2-3% probability) flood occurrence in which a
10-year flood has a 10% occurrence probability. If there is no
flood protection employed, this 10-year flood could cause around
74.9 million USD affected GDP, 119 thousand affected population
and 49.5 million USD urban damage.

Given the limitations described above, the results are meant
to provide a first impression of the distribution of risk among
provinces and basins. This provides an indication of risk magnitude
and an impression of the magnitude of future change in risk that
can be expected. The results should be used to focus attention
on certain vulnerable areas and open dialogues on the risks and
how they can be managed. For the dimensioning of specific flood
protection measures more detailed and locally calibrated models
that include additional information on local conditions, including
more accurate river profiles, structures, existing flood protection,
reservoir conditions and management during floods, and more
accurate information on exposure and vulnerability, are required.
It would also require a thorough engagement with local experts
and stakeholders.
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