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Abstract: West Africa (WA) in recent past experienced decreasing rainfall and increasing temperature. A preliminary
assessment of these trends in the future (2025-2045) was conducted to evaluate its potential impact on water resources,
specifically the Tono irrigation dam in Ghana. The climate change assessment was based on future climate data of
Representative Concentration Pathways (RCPs) 4.5 and 8.5 projected with ECHAMG6 model and downscaled by the Weather
Research and Forecasting (WRF) model in reference with historical data (1990-2010). A 2-domain configuration was used: an
outer domain at 25 km horizontal resolution encompassing the West African Region and an inner domain at 5 km horizontal
resolution centered on the Tono basin. The assessment was done based on the annual mean, relative percentage change and
spatial seasonal change of the simulated precipitation and temperature. The results show that for precipitation, both scenarios
do not agree on the signal of change. RCP4.5 indicates an increase (+7%) in annual precipitation amount whereas RCP 8.5
indicates a decrease (-9.6%). For temperature, both scenarios agree on increasing temperature. These results shows that future
streamflow will be influenced by climate change. The indications are that the flows will reduce does the dam levels will also
reduce does affecting irrigation activities. This studies therefore provides information to the managers of Tono irrigation dam
what measures to put in place for its sustainability.
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attributed to the impact of climate change. Climate change is
likely to increase water demand whiles reducing supplies in
many regions. The shift in balance would drive water resource
managers to examine how to meet the needs of growing
communities, sensitive ecosystems, farmers, energy producers
and industry. Climate change is mainly influenced by
anthropogenic activities resulting in an increase in greenhouse
gases in the atmosphere and therefore contributes significantly
to the water balance [3, 2]. The decline in water resources
availability due to decreasing rainfall amounts and increasing
temperature across WA, has been attributed to the impact of
climate change [4-9]. In some areas water shortage is not much
of an issue as the case of increases in runoff and flooding. These
effects can destroy the infrastructure (e.g. Dam wall, spillway,

1. Introduction

Water resources are key to the survival of society and
ecosystems. The health and survival of man depends on water. It
is also for agricultural production, transport (navigation), power
generation, recreation, and industrial activities. These activities
places pressure on water resources leading to water stress and
this is likely to be exacerbated by climate change. Water
resources (such as dams, rivers, streams, lakes) are major
economic and natural resources that West Africa (WA) is
endowed with. However, recent studies have indicated that these
resources are increasingly under threat. The quality of water is
increasingly decreasing with unequal distribution with respect to
space and time [1, 2]. The threat to water resources have been
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canals) that is used to transport and deliver water.

Higher temperatures increases the rate of evaporation of
water into the atmosphere, thus increasing the atmosphere’s
capacity to “hold” water [10]. Increased evaporation may
result in some areas drying out and fall as excess
precipitation on other areas. Changes in the amount of
rainfall as a result of increases in evaporation during storms
is an evidence that the hydrological cycle is already altering.
Once the hydrological cycle is being altered, it makes it
difficult to rely on historical data to predict the future
hydrological pattern. Dams that were designed and
constructed in time past were designed with respect to the
climate of that time and therefore in our present time, these
dams will not be able to withstand rapid shifts in river flows
and precipitation. Therefore failure to adequately predict the
future impact of climate change on water resources will make
it difficult to adequately manage these resources. Droughts
and floods are amongst the most significant natural hazards
influenced by climate change that potentially could
negatively impact dams’ sustainability.

In order that water resources managers and policy makers
could better manage these resources in climate change context, it
is imperative to understand the future climate change impact on
these resources. This will require projection of the changes in
the future climate and how these changes will impact water
resources. Studies of this nature will provide an insight as to the
likely events and what steps to put in place in other to sustain
these resources. A number of studies have been carried out with
respect to the climate and hydrological dynamics of some river
basins particularly for the purposes of assessment and
management of these resources across WA [1, 11]. The studies
done by Ardoin et al., 2015 and Rescan, 2005; showed that the
runoff and water availability of the Sassandra River in Cote
d’Ivoire, would increase from 10-13% during the first half of the
21* century (Horizon, 2050) [12, 13]. Most of these studies
simulated the climate from HadCM3 global climate model with
A2 greenhouse gas emission scenario. Recent studies by
Coulibaly et al., 2018, Yao, 2015, Abiodun et al., 2013, Sylla et
al., 2010, Barthony et al., 2010, Mariotti et al, 2010, used the
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Regional Climate Model (RegCM3) under the A1B emission
scenario to evaluate the impact of climate change over WA [2,
14-18]. The Special Report on Emission Scenarios (SRES), was
applied in many of these studies, however, these scenarios are
no longer in use. Applying the relatively updated IPCC future
scenarios (i.e. Representative Concentration Pathways), provides
an improved means of assessing the impact of the climate
change on water resources. Additional information may be
obtained as well given the advantages of the RCPs over the
SRES scenarios.

This study which is particularly focused on the Tono dam
in Ghana, WA, relied on simulation of future climate data
generated from a state of the art regional climate model,
Advanced Weather Research and Forecasting (WRF) model,
version 3.5, under the Representative Concentration
Pathways (RCP) 4.5 and 8.5. The data generated was used to
evaluate climate change at the Tono dam and its consequent
impact on the sustainability of the irrigation scheme.

2. Data and Methods
2.1. Study Area

The Tono dam, located at latitude 10° 52” N, longitudes 1°
08’ W, in the Kassena Nakana Municipality of the Upper East
Region of Ghana, is one of the largest irrigation dams in West
Africa. The main rivers draining into the basin are Gaabuga
and Songobuga (Figure 1). These rivers take their source
from the southern part of Burkina Faso. The Tono dam drains
a catchment area of 650 km®. Its surface area is 18.6 km?,
with a length of 4 km and a crest height of 18.6 m. The
topography of the Tono basin is one of gentle slope and a flat
terrain and the basin altitude is 160 m. The climate of the
area is made up of two distinct seasons; a dry season
(November-April) and a rainy season (May-September), with
an annual mean rainfall of about 950 mm. The peak rainfall
usually occurs in August and the mean monthly temperature
varies between 26.5°C and 33°C.

[Ea]

1IN

1IN

TSR

Lz 5 7
b \,_ chuchuuga

1T 12w

TIpW
N
TR [=
Paga =
21,
% Navlvngo
\b N
Tono Dam - ‘>
Ny [E
-
i
!
‘—,.r’l(udoqo
7
100w

Figure 1. Map of Tono drainage Basin in the Kassena Municipality (left figure), project site (top right figure) and the location of Ghana in West Africa (bottom

right figure).
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Figure 2. Dominant soil category (a) at the Tono basin (Blue=Water, 3=Sandy loam, 4=Silt loam, 5=Silt, 6=loam, 7=Sandy clay loam, 8=Silty clay loam,
9=clay loam, 10=Sandy clay, 11=Silty clay, 12=Clay, 13=0rganic material) and (b) Dominant vegetation cover at the Tono basin based on MODIS Land use
categories (§=Woody savanna, 9=Savannas, 10=Grasslands, 11=Permanent Wetlands, 12=Croplands, 13=Urban and Built-Up).

The basin’s vegetation covers are: Woody savanna,
Savannas, Grasslands, Permanent wetlands (irrigated fields)
and Croplands and it’s soil category is sandy loam,
interspersed with other soil types (e.g. Loam, Sandy clay
loam, Sandy clay, Silty clay and Clay) [see Figure 2]. The
rate of infiltration and surface runoff generation at the
catchment is influenced mainly by the soil type and the
vegetation cover.

The Tono irrigation dam was constructed in 1975 and was
handed over to the Irrigation Company of Upper Region
(ICOUR) for management in 1980. The primary objective of
the irrigation scheme is to provide at least eight communities
within the catchment area, the opportunity of dry season
farming. This will ensure food security and economic
livelihood.

ICOUR over the years has observed a reduction in the
irrigable area of the catchment and this has been attributed to
the decreasing water level of the dam.

2.2. Data

The monthly observed (gridded) climate data (rainfall and
temperature) from 1990 to 2010 used in this study was
provided by The Tropical Rainfall Measuring Mission
(TRMM), [19] and Climate Research Unit (CRU) data set for
Africa version TS3.0 [20] for temperature, comparisons.
TRMM provides precipitation at a daily time scale. CRU
temperature was interpolated from 50 km resolution to a 5
km grid, using the Nearest Neighbour interpolation (NNI)
originally developed by Sibson, 1981 [21]. This is a baseline
method that has been used for many years [22] as a standard
part of the library of graphics functions provided by the
National Center for Atmospheric Research (NCAR),
(ngwww.ucar.edu/documentation.html). The interpolation
from 50 km to 5 km is to enable comparison with the
Regional Climate Model (RCM) output at the same grid
resolution to evaluate the performance of the model. These
data sets were initially validated with available ground truth
data, which showed good agreement. Though CRU has

precipitation data, TRMM precipitation was used because it
showed a better agreement with ground truth data. The data
sets (TRMM and CRU) were used due to inadequate long-
term ground truth data.

The soil characteristics of the soil infiltration capacity of
the Noah land surface model (LSM) corresponded to the soil
water capacity. This information was estimated based on the
MODIS soil classification. This consists of calculating the
average of the capacities of all soil types in the watershed
through weighting with their respective superficies.

2.3. Atmospheric Model (Advanced Research WRF)

The Advanced Research WRF (ARW) model (V3.5) [23]
is used to perform the simulations over the study area. The
initial attempt is to run a fully coupled WRF/WRF-Hydro
model simulation for the climate projections since this
approach was quite successful for present climate and
hydrological studies [1]. This was to generate both future
climate and hydrological simulated data for analysis.
However, this attempt failed and the reasons for the failure
could be attributed to model instability related to WRF-
Hydro model deficiencies in handling radiative forcing data
in a fully coupled approach and possibly computational
challenges. As far as this study is concerned there is still no
climate change studies carried out using WRF coupled with
WRF-Hydro. What is available is using output from a
standalone WRF-Hydro model. The simulation was therefore
based on a standalone regional climate model (WRF) to
generate future climate data. In this case, a one-way nested
domain was set-up; the outer domain with a 25 km (160 x
130 grid points) horizontal resolution, covering the West
Africa region and the inner domain at 5 km (111 x 111 grid
points) horizontal resolution, covering the Northern part of
Ghana and the Southern part of Burkina Faso (Figure 3a).
The inner domain was designed to better resolve the
mesoscale features of the Tono basin located within this inner
domain (Figure 3b).
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Figure 3. WRF outer domain at 25km horizontal resolution (a), WRF inner domain at Skm (b).

The vertical resolution in both domains is for thirty-five
(35) vertical levels in the boundary layer with a model top at
twenty (20) hPa. Studies carried out under the West African
Science Service Center on Climate Change and Adapted
Land Use (WASCAL) project [24] came out with optimal
physical parameterizations for the West African Region.
Their studies showed the physical parametrizations used,

produced good replication of precipitation and temperature
distributions over the West Africa Region at a horizontal
resolution of 12 km for the period 1980-2010. In the current
study, we used their physical parameterization options
presented in Table 1, hence there was no need to carryout
calibration of the model.

Table 1. WRF model physical options used.

Physics Categories Selected Option Reference
Microphysics Single Moment 5, WSM5 [25]
Cumulus paramterisation *Grell-Devenyi [26]
Planetary boundary layer ACM2 [27]
Land surface model Noah LSM [28]
Longwave radiation Rapid Radiative Transfer [29]
Model (RRTM)
Shortwave radiation Dudhia [30]

*Only for the outer domain.

However, the cumulus scheme for the nested domain was
switched off, considering the spatial resolution of the nested
domain was in the convective permitting scale (between 3 and 5
km) and would expect cumulus activities to be explicitly
resolved at this scale. The Noah LSM was used in the WRF
simulation. It accounts for the column hydrological processes
(i.e. through fall, evapotranspiration, soil infiltration, vertical soil
water movement and accumulation of both surface and
underground runoff). The required input fields passed from the
Noah LSM to the routing modules include maximum soil
moisture for each soil type, infiltration capacity excess, lateral
surface hydraulic conductivity for each soil type and the soil
moisture content for each soil layer. Land cover and soil

categories used in this study is the MODIS land surface data sets.

The soil column configuration used in this study has the depth of
the bottom of the layers as 0.05, 0.25, 0.70, 1.50m. The choice
of configuration set-up as indicated in many studies, especially
over West Africa is quite subjective, based on the variable of
interest, the focus of the region (study area), the verification
methods and the chosen reference data sets [31, 32].

Studies on climate change impact depend on projections of
future human activities. IPCC over the years continues to

improve emission scenarios to be used in driving GCM to
develop climate change scenarios. The kind used in this study
is the Representative Concentration Pathways (RCPs),
published in its Synthesis Report, 2014 which is more recent
than the SRES scenarios. IPCC describes emission scenarios
as an alternative image of the future socio-economic,
demographic and technological change. Anthropogenic GHG
emissions are driven mainly by the factors mentioned above
(i.e. socio-economic, demographic characteristics and
technological advancement). The RCPs, which are used for
making projections, describe four different 21% Century
pathways of GHG emissions and atmospheric concentrations,
air pollutant emissions and land use (IPCC, 2014). The RCPs
include a stringent mitigation scenario (RCP2.6), two
intermediate scenarios (RCP4.5 and RCP6.0) and one
scenario with very high GHG emissions (RCP8.5).

The initial and lateral boundary conditions of the WRF
model for this study were from ECHAMG6, a T255 spectral
resolution (~80 km) [34]. The scenarios used were the
Representative concentration pathways (RCPs) 4.5 and 8.5.
The intention is to understand how each of these scenarios
will influence future climate and its related impact on
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streamflow over the Tono basin.
2.4. Climate Change Analysis

We compared the annual simulated climate data from 2025
to 2045 according to RCPs 4.5 and 8.5 with observation
values as a baseline (1990-2010). The simulated climate for
2025-2045 reproduced the characteristics (amount, intensity
and distribution) of the observed data sets. This confirms
similar studies [e.g. 35-38]. Their studies compared
simulated RCPs with observation over West Africa, which
indicated that, RCP8.5 gives a strong reflection of the
observed data sets. The change in mean precipitation and
temperature as the deviation of the projection from the
reference period. These changes are expressed in an annual
time series plot, relative percentage change and spatial maps
of seasonal change. The relative percentage change was
calculated according to the following formula:

Ps_ybas
APsS= M x 100

xbas

Where AFS is the relative percentage change calculated
over the specified time period, X?2S is the annual mean value
calculated over the reference period, and i is the time step.
This rate of change represents the relative increase or
decrease in annual and seasonal precipitation and
temperature for the future.

3. Results and Discussions

To assess the sustainability of water resources in climate
change context, it is necessary to model how these resources
will behave in the future. Several studies have indicated that
the future water availability will be affected not only by
population increase but by a combination of climate change
and the exponentially increasing demography [39]. Such
changes are likely to have far-reaching consequences on every
aspect of human well-being, agriculture and energy production,
flood control and ecology of freshwater environments.
Modelling the impact of climate change on water resources

(e.g. dams, lakes, and rivers) will require long-term data
including past and estimated future data sets [39]. Finding
adequate long-term data in this region is a major challenge.
This section presents the assessment of climate change and its
consequent impact on water resources (particularly the Tono
irrigation dam) that are mainly depended on for agriculture. It
explores the projected changes in precipitation and temperature
under RCP scenarios (developed by IPCC) and how these
changes could influence future streamflow contribution into
the dam for irrigation activities.

3.1. Climate Change Analysis

3.1.1. Precipitation

The average monthly precipitation with respect to the
baseline (1990 to 2010) and projected period (Ps), 2025 to
2045, under RCPs 4.5 and 8.5 is presented in figure 4a and
the relative percentage change in figure 4b. Both climate
scenarios indicate an overall increase in average monthly
precipitation compared to the referenced period. Additionally,
though both scenarios show the same trend with respect to
the reference period, RCP8.5 shows an earlier peak and also
a lower precipitation amount at the peak of the rainy season
compared to RCP4.5 (see figure 4a). From April to the peak
of the rainy season (August), both scenarios generally
indicate an increasing rainfall amount (figure 4b). However,
under RCP4.5, there is a higher percentage increase of
rainfall ranging from 10% to 25% compared to RCP8.5 with
a change of 5% to 15%. Toward the end of the rainy season
(September-October), both scenarios indicate a percentage
decrease in precipitation. Between November and December,
RCP4.5 indicates a precipitation percentage change of 80%
and 100% respectively, but RCP8.5 rather indicates a 25%
decrease in rainfall. Generally, rainfall amounts within this
period are relatively less than 4 mm/day or in most cases
rainfall does not occur. Therefore the higher percentage
change in rainfall indicated by RCP4.5 will not generate
significant flows to contribute to the dam level.

Table 2. Projected changes of temperature and rainfall in the Tono basin under RCPs 4.5 and 8.5.

Baseline (1990-2010)

2025-2045
Average Change
Temperature 272C RCP4.5 28.5C +5%
RCP8.5 28.8C +6%
Rainfall 856.7mm RCP4.5 924.5mm +8%
RCP8.5 781.9mm -9%

Table 2 shows an increase (+8%) in annual mean rainfall
under RCP4.5 scenario and a decrease in annual mean
rainfall under RCP8.5 in the basin. The decrease in annual
mean rainfall under RCP8.5 is pronounced and therefore will
lead to worst situation in respect lower streamflow compared
to the baseline with a reduction of -9% for the projected
period. This implies that, the scenarios do not agree on the
signal of precipitation change. The annual mean rainfall for
the baseline period is 856.7 mm, whiles RCP4.5 is 924.5 mm

and RCP8.5 is 781.9 mm for the projected period. The
rainfall deficit and characteristics exhibited under RCPS8.5
has already been observed by many authors in West Africa [2,
40-42].

The IPCC climate projections assessment in 2007
indicated increases in precipitation amounts are very likely in
the high latitudes and decreases are likely in the subtropical
land regions by as much as 20% in the A1B scenario in 2100.
However, the climate models fail to agree on the sign of the
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future evolution of precipitation over West Africa as
indicated in this study. About 50% of these models project an
increase in rainfall whereas the other 50% project a decrease
[43, 36]. These changes were suggested to range between -20
to 20% in annual rainfall [44].
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Figure 4. Projected change in monthly inter-annual mean rainfall (a) and
percentage change in rainfall (b).

FEERERE]

Figure 5. (a) to (c) JJA and (d) to (f) SON seasonal precipitation change
(bias) maps. Precipitation for controlled period (ECHAMG6, 1990-2010) and
Precipitation for projected period (RCP4.5 and RCPS.5, 2025-2045) over
the Tono Basin.

Figure 5 presents the seasonal variations of the
precipitation change of the two scenarios with respect to the
controlled period. The seasonal rainfall at the Tono basin
occurs in June, July, August (JJA), peaks in August and
September, and then drops in October, November (SON).
Both scenarios capture the position of intense rainfall
(towards the west) (figure 5). RCP4.5, for JJA season,
indicates a precipitation change ranging from +20 to +50 mm,
whereas RCP8.5 indicates a decrease in precipitation change
of -10 to -40mm as reflected on the monthly rainfall analysis.
However, both scenarios for SON season indicate a
decreasing precipitation change; with RCP8.5 showing
higher decreasing values (see also figure 5).

RCP4.5 presents a case of intense rainfall and shorter
duration which reflects in the studies by [37]. They described
the changes in the rainy season over West Africa as one of a
delayed onset and early cessation, thus shortening the rainy
season. This is even worse when we consider RCP8.5
scenario which projects a decrease in rainfall amounts. The
seasonal trend and magnitude of change as indicated in figure
6 reflects the above analysis. DJF and MAM season are dry
season (no rainfall) periods, however, RCP8.5 projects an
increase in rainfall more than RCP4.5. For the rainfall season
JJA and SON, RCP4.5 projects an increase in rainfall more
than RCP8.5 with a magnitude of change more than 0.2
mm/day.
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Figure 6. Projected seasonal rainfall trend and the magnitude of change of
rainfall under RCP4.5 and RCPS.5.

However, it is important to note that both scenarios project
the precipitation patterns of the baseline period. The sign or
magnitude of change is quite different depending on the season.

3.1.2. Temperature

Figure 7 presents the baseline period (1990 to 2010) and
the projected period (2025 to 2045) inter-annual monthly
mean temperatures of the Tono basin under the RCP4.5 and
8.5 scenarios. Compared to the baseline, both scenarios
project an increasing temperature with RCP8.5 been more
pronounced, however, RCP4.5 indicates a higher percentage
change in temperature for January and February (figure 7b).
RCP8.5 is seen as the most pessimistic scenario [2, 45].
Apart from January and February, the highest temperatures
were seen under RCP8.5. Therefore the mean temperature
over the basin for the hottest month (April) is 32.6°C and
24.8°C in January (coolest month due to the harmattan
winds).
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Figure 7. Projected monthly inter-annual cycle of temperature (a) and
Percentage change in temperature under RCP4.5 and RCP8.5 (b).

For RCP4.5, the temperatures will be 31.7°C and 24.9°C
for the months of March and January, respectively. The
increase in temperature by both scenarios reflects the rate at
which temperature is increasing over West Africa as
indicated in many studies [2, 40-42, 45].

The projected annual mean temperatures under RCP4.5 and
RCP8.5 indicates a rising temperature as mentioned earlier
when compared to the baseline (1990-2010) in the Tono basin
(see table 2). RCP8.5 indicates the highest temperature change
of 6% (+1.6°C) for the projected period whercas RCP4.5
indicates a temperature change of 5% (1.3°C). The temperature
variations obtained from this study are close to the results of
Coulibaly et al., 2018 where he obtained a temperature
increasing 5.9% for climate period (2021-2040) under RCP8.5
[2]. These projections are also within the range (+0.6°C to
+4.0°C) of Sylla, 2015, Christensen et al., 2007, IPCC, 2007
[35, 38, 46]. The Projections all agree on a warming in WA
even though the magnitude varies across climate models.

In addition the variations in the temperature change (low
and high) as indicated in figure 7b are close to the conclusions
of Sylla, 2015 for the West Africa region, which suggested that
temperature changes are substantially larger in RCP8.5 with an
increase of between 4°C and 7°C compared with the RCP4.5
under which an increase of between 1°C and 3°C is seen [35].

The seasonal change in temperature as presented in figure 8
shows that both RCP4.5 and 8.5 as having increases in
temperature change. However, as expected the RCP4.5 shows a
lower rate of change in temperature between +0.4°C to +1.6°C
compared to RCP8.5 (+0.8°C to +2.2°C) over the Tono basin.

24w 160w orw P 1w

Figure 8. (a) to (c) DJF and (d) to (f) MAM seasonal temperature change
(bias) maps. Temperature for controlled period (ECHAM®6, 1990-2010) and
Temperature for projected period (RCP4.5 and RCP8.5, 2025-2045).

These results reflect that of the annual mean temperature

change. The seasonal trend and magnitude of change as
presented in figure 9 also confirms both scenarios as having
increasing temperature compared to the baseline, however,
RCP8.5 scenario projects a more pronounced change.
Particularly for the dry season (MAM) and the rainy season
(JJA), RCP8.5 records the highest magnitude of temperature
change with 0.5°C and 0.6°C respectively (figure 9b). This
characteristics has greater influence on streamflow amounts
and dam levels.
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Figure 9. Projected seasonal temperature trend (a) and the magnitude of
change of temperature under RCP4.5 and RCP8.5 (b).

The climate projections on precipitation and temperature
analysis reflects many of the studies carried out in West
Africa [e.g. 2, 41, 45] which indicates that anthropogenic
climate change will significantly influence extreme
precipitation and temperature events and lead to shifts in the
different moisture zones.

3.2. Climate Change Impact on Streamflow

Several studies have shown that discharge evolutions over
the past decades in West Africa (WA) have been strongly
affected by rainfall variations. For example after the wet
1950s and 1960s, a strong rainfall deficit has been happening
since 1970 in the Sahelian and Sudan-Sahelian regions [47]
with dramatic droughts like the 1973/1974 and 1983/1984
cases [48]. IPCC, 2007 indicated a recovery of the rainfall in
eastern parts of WA for the period 1990-2007, whereas
drought conditions continue to prevail in the western parts
[49]. These rainfall variations have led to strong fluctuations
in river discharge with a general negative trend from 1960 to
2010 [50], mostly in Sudanian parts. Though it is also the
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case in Gulf of Guinea areas, the decrease is quite moderate.
The non-linear effect of this rainfall drop over much of WA
underlined by Mahe et al., 2013 indicates a 20% decrease in
rainfall resulting in a decrease of 60% in the runoff [51].

The characteristics of WA climate and climate projections
carried out by previous studies [2, 35, 14, 15] have been
confirmed in this current study over the Tono basin. Both
scenarios present a potential threat to the future of the
hydrological cycle of the Tono basin. A decrease in rainfall
and increasing temperature will have negative impact on the
availability of surface and sub-surface water. The magnitude
or percentage change in future stream flows remains
uncertain over WA. This uncertainty stems from the fact that,
precipitation projections are quite uncertain and most of the
scenarios do not agree on the direction of change. Some
studies have suggested that for a predicted reduction in
rainfall of 10 to 20%, a fall-off in flow of 20 to 40% might be
expected [52] over WA. However, this could vary from one
basin to the other depending on the runoff-precipitation ratio
of that basin.

High rainfall intensity as indicated under RCP4.5 will result
in increase in surface runoff, thus increasing the volume of
water in the Tono dam. However, because the duration of
rainfall intensity is short coupled with increases in temperature
during this period, the increase in dam level will not be
significant but might experience stable level. RCP8.5 scenario
projects decreasing precipitation change and an increasing
temperature change. The signal of change in precipitation and
temperature reflects the climate pattern of the baseline period.
The indications are that, this scenario could lead to less surface
runoff and high evaporation rate and therefore decreasing dam
level. Without control this projection could lead to the
possibility of the Tono dam going dry.

4. Conclusions

This study used the Weather Research and Forecasting
(WRF) model as a regional climate model (RCM) to assess
the potential impact of climate change on the Tono dam. The
climate assessment and its potential impact on water
resources was based on the future climate projected for the
period, 2025-2045 under the scenarios RCP4.5 and RCPS.5.

RCP4.5 reflects an increasing rainfall intensity and a
shorter duration with increasing temperature. This will lead
to water resources filling up during the rainy season but
water levels immediately reduces due to increasing
evaporation as a result of high temperature low relative
humidity. RCP8.5 presents a worse climate situation, with a
decreasing rainfall and an increasing temperature change.
This implies less flows into the water resources and the
available water in the reservoirs decreasing rapidly (going
dry) due to increasing evaporation rate.

Both scenarios do not agree on the signal of change with
respect to precipitation, however, with respect to temperature
both scenarios indicate warmer conditions.

It is expected that future population of WA would increase
significantly, with increased industrial activities, increased

technology, and increased commercial agriculture. All these
if not checked with sustainable measures will lead to increase
greenhouse gas emissions (GHG) thus placing the region
under climate scenario RCP8.5. The implications of this
scenario over the basin include but not limited to; a decrease
in annual river flows reflecting the drop in rainfall and a
depletion of surface water resources. Other implications are,
a drastic fall in water volumes transiting through the major
rivers, an increase in runoff coefficient for the small basins
and a failure to fill the dam reservoir during the rainy season.
In addition, it will also lead to an intensification of the
hydrological cycle, an increase in the scale or frequency of
flooding, more and more severe droughts and deterioration in
water quality.

The possibility of running a coupled atmospheric,
hydrological model for future climate projections based on
the Representative Concentration Pathways (RCPs) need to
be explored so as to improve on the climate and hydrological
results for improved assessment on the impact of climate
change on the water resources of West Africa.
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