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Abstract

This study was aimed to assess the impact of climate change on the water re-
source of Megech river catchment. In this study, large scale regional climate
model (REMO) output was downscaled statistically to metrological variables
at a daily resolution using SDSM model version 5.11. We noticed that statis-
tical downscaling smooth out the bias between REMO output and observed
data. According to the projected climate data, the maximum temperature is
likely to have an increasing trend +0.57°C while the minimum temperature
shows a decreasing trends —0.61°C. There is no clear trend for precipitation,
both increasing and decreasing trend observed in the catchment. The HBV-
Light hydrological model was successfully calibrated (1991-1995) and validated
(1998-2000) using current climatic inputs and observed river flows. The over-
all performances of the model was good at monthly time scale both on cali-
bration (NSE = 0.91) and validation (NSE = 0.86). Future discharge (2015-
2050) was simulated using statistically downscaled 20 ensembles climate sce-
nario data for both A1B and B1 scenarios. HBV-Light model simulation re-
sults showed a reduction of the peak discharge in August and September.
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1. Introduction

Climate change refers to a change in the state of the climate that can be identi-
fied by changes in the mean and/or the variability of its properties and that pers-
ists for an extended period, typically decade or more [1]. Climate model projec-

tions show an increase in the global mean near-surface air temperature [2].
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It is now widely acknowledged that climate change will have impacts on water
resources availability and management throughout the world, in the near and
longer terms. Some of the sectors under concern include urban water supply, ir-
rigated agriculture and hydropower production [1] [3].

According to [4], the current climate variability is already imposing a signifi-
cant challenge to Ethiopia by affecting food security, water and energy supply,
poverty reduction and sustainable development efforts, as well as by causing na-
tural resource degradation and natural disasters. Therefore, assessing the impact
of climate change on the water resource of Megech river catchment will be ex-
pected to have importance to be considered in development plans in water re-
sources, agriculture and to overcome the impacts of intensifying recurrent droughts.
This gives an opportunity to plan appropriate adaptation of measure s that must
be taken ahead of time based on the projected climate change.

Several studies have attempted to evaluate the impacts of climate change in
Ethiopia [5] [6] [7]. Most of this studies used Global Climate Model (GCM)
which has a coarser resolution and some degree of uncertainty. In addition,
these studies did not use model ensemble predictions, which provide a means of
forecasting robust simulations for weather and climate prediction uncertainties.
No Impact assessment of climate change study had been performed for the Me-
gech catchment of the Abbay basin, even though there have been studies con-
ducted on other part of the Abay basin [6] [7] [8]. The objective of this study was
to assess the impact of climate change on the water resource of Megech River cat-

chment.

2. Materials and Methods
2.1. Study Area

Megech catchment is located in the Northwest part of Ethiopia between 12°29'00"
to 12°43'40" latitude and 37°23'53" to 37°33'35" longitude with an approximation
altitude range between 1849 and 2942 m.a.s.l. The catchment covers a total sur-
face of 513 km’ as it shown in Figure 1. The annual rainfall ranges between
896mm and 1592 mm. The monthly maximum temperature is between 21°C
and 27°C, and the monthly minimum temperature is between 10°C and 13°C.
The study area had been selected due to the reason that it is one of the major
tributaries of Lake Tana and no impact assessment studies had been done on the

catchment.

2.2. Methodology

In this work, the output variables from REMO (Regional Climate Model) for
both emission scenarios of A1B and B1 were statistically downscaled by using
Statistical Downscaling Model (SDSM) version 5.11. HBV-Light hydrological
model was calibrated and validated using historical climate data of three stations
(Ambagiorgis, Gondar and Maksengit) and observed discharge data of Megech
river. The downscaled future scenario 20 ensembles data of both REMO A1B
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Figure 1. Location of Megech catchment.

and B1 scenario were used as an input for HBV-Light model to assess catchment

hydrological response to climate change.

2.2.1. Climate Model and Downscaling

For this study the climate scenario data (A1B and Bl) were extracted from
REMO model based on longitude and latitude that had grid resolution of 50 km
(0.5° latitude by 0.5° longitude grid size).The coarser climate data (REMO out-
put) further downscaled in to station level by using statistical downscaling model
(SDSM version 5.1.1) and these downscaled data was taken directly as an input
to the hydrological model to assess the future climate change impact on hydrol-

ogy of the catchment.

2.2.2. REMO Model

The regional climate model REMO is a hydrostatic regional climate model de-
veloped at the Max Planck Institute for Meteorology on the basis of the former
operational weather forecast model Europa-model of the German Weather Ser-
vice (DWD) [9]. In addition, the physical parameterization package of the gen-
eral circulation model ECHAM4 has been implemented in REMO. REMO quan-
tification of the IPCC A1B and Bl (Medium-Low Emission) scenarios for the
years 2015-2050 was used in this study after being statistically downscaled to the
local scale using the SDSM 5.11.

K2
0:{5: Scientific Research Publishing

143



E. Abebe, A. Kebede

2.2.3. Statistical Downscaling Model

According to Wilby et al. [10] empirical downscaling involves developing a
quantitative relationship between large-scale atmospheric variables (predictors)
and local surface variables (predictands). For this study the REMO grid nodes
data were takes as predictors and the station data were taken as predictands. The
catchment was covered by 8 REMO raster nodes. Among those 3 grids nodes
were used for downscaling. The base line data for the base period were from 3
stations in and around the Megech catchment within the range of 30 to 21 years
period from 1971-2000 and 1980-2000 respectively. The first 20 (1971-1990) to 14
(1980-1993) years of data were considered for calibrating SDSM while the re-
maining 10 (1991-2000) to 7 years (1994-2000) respectively, were used for valida-
tion. After calibrating SDSM model, the future climate scenarios (2015-2050) was
generated based on the calibrated parameter and large scale predictor (REMO

predictor) based on the mean of 20 ensembles for both A1B and B1 scenarios.

2.2.4. Grid Selection for Statistical Downscaling Model (SDSM)

The REMO model which covers the area of interest (12°29'00"N to 12°43'40"N
and 37°23'53"E to 37°33'35"E) was used in this study. REMO grid outputs data
were classified based on their grid location (Latitude and Longitude) with 0.5
horizontal interval. The catchment was covered by 8 REMO raster nodes as
shown in Figure 2. Among those 3 grids nodes were used for downscaling. The
grid data were selected as a predictor for a given metrological station and the

station data were taken as predictand.
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Figure 2. REMO grids selected for the study area.
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2.2.5. Hydrological Modeling

To simulate the water balance components of the catchment, HBV-Light model
was used. The HBV (Hydrologiska Byrans Vattenbalansavdelning)-Light hydro-
logy model is a widely used conceptual model [11]. It computes runoff from ob-
served daily rainfall, daily temperature, long-term monthly potential evapo-
transpiration and runoff data. The daily areal rainfall (1991-2000) was calculated
by Thiessen polygon method. Potential evapotranspiration for the study area
was estimated by the Hargreaves method. The total period of the data that was
used for this specific study was 8 years. From this period by using split sample
technique 2/3™ of the data (1991-1995) were used for calibration and the re-
maining 1/3™ of the data (1998-2000) were applied for validation.

2.2.6. Model Performance Criteria

For this particular study, three performance criteria namely Nash and Sutcliffe
efficiency (NSE), Coefficient of determination (R”) and Relative volume error
(RVE) were used. Nash and Sutcliffe efficiency (NSE) was proposed by [12], its
value lies between 1.0 (perfect fit) and —o. Coefficient of determination (R?) is
expressed as [13] the squared ratio between the covariance and the multiplied
standard deviations of the observed and predicted. Relative volume error (RVE)
can vary between oo and —eo but it performs best when a value of 0 (zero) is gene-
rated.

3. Results and Discussion

3.1. REMO output Downscaling for the Future Climate Scenarios

Climate scenarios for future periods (2015-2050) have been developed for two
emission scenarios of REMO A1B and B1 based on the mean of 20 ensembles.

1) Maximum temperature

As it shown in Figure 3 and Figure 4, the mean monthly maximum temper-
ature shown generally an increase trend for future period (2015-2050) for both
A1B and Bl scenario in the range of +0.1°C to +0.51°C and +0.12°C to
+0.57°C respectively. There will be overall an increasing trend for Gondar sta-
tion for both A1B and B1 scenario for the period of 2015-2050 in the range of
+0.17°C to +0.8°C. However Ambagirogis and Maksengit stations show almost
no change for both A1B and B1 scenario.

2) Minimum Temperature

As it revealed in Figure 5 and Figure 6 generally there will be a decreasing
trend for mean monthly minimum temperature for Both A1B and B1 scenario in
the range of —0.11°C to —0.61°C and —0.12°C to —0.60°C respectively for future
window (2015-2050).

3) Precipitation

As it depicted in Figure 7 and Figure 8, the mean monthly precipitation shows
both increasing and decreasing trend for both A1B and d B1 scenario for future
period (2015-2050). It is likely to be increased in the range of +6.7% to +34.5%

and +11.0% to +38.89% while it is expected to be decreased in the range between
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Figure 3. Monthly mean maximum temperature for the baseline period (1971-2000) and
REMO A1B and B1 scenarios of selected stations.
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Figure 4. Change anomalies of mean monthly maximum temperature of selected stations
for future period (2015-2050) for both A1B and B1 scenarios.

—1.14% to —31.88% and —1.6% to —36.42% for A1B and Bl scenarios respec-
tively.

3.2. Hydrological Model Calibration and Validation

The calibration and verification of the HBV-Light model were implemented by
using split sample technique (1991-1995) data for calibration and the remaining
(1998-2000) data for validation. Calibration was done manually by optimizing
the model parameters that gave the best possible agreement between observed
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Figure 6. Change anomalies of mean monthly minimum temperature of selected stations
for future period (2015-2050) for both A1B and B1 scenarios.

and simulated discharge of a catchment. Due to that several runs had been at-
tempted to select the most optimum parameter set that shows good agreement
between observed and simulated discharge. The performance of the model has
been evaluated using both graphical and statistical criteria. On graphical analysis
the agreement between observed and simulated discharge was evaluated through
visual inspection.

The statistical criteria’s selected for showed good performance for daily and
monthly calibration (with NSE = 0.91 and R* = 0.92 for monthly simulation). In

addition, the models were validated using independent data set, which shows
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Figure 8. Change anomalies of mean monthly precipitation of selected stations for future
period (2015-2050) for both A1B and B1 scenarios.

good agreement for both daily and monthly simulation results (with NSE = 0.86
and R’ = 0.87 for monthly simulation). Generally speaking, the results show that
the HBV-Light model can reproduce historical daily discharge with an accepta-
ble accuracy. Previous impact assessment studies done using HBV model showed
similar result [6] [14] [15]. The calibration and validation result of the HBV-
Light model is shown in Figure 9 and Figure 10.
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Figure 10. Monthly validation of Megech catchment (1998-2000).

3.3. Catchment Predicting Hydrological Response
of Changed Climate

For analyzing the catchment response of climate change, 20 ensembles of climate
variables (i e. Precipitation and temperature) for both REMO A1B and Bl scena-
rio were developed). Each 20 ensembles of climate data have been used as an
input for simulating the discharge of Megech catchment for future period (2015-
2050). Among the simulated 20 ensembles the maximum and minimum one has
been selected to find the range of discharge Change for future period (2015-
2050). As displayed on Figure 11 and Figure 12 the HBV-Light hydrological
model showed a reduction in peak discharge (August & September) for future
period (2015-2050. Simulation result showed that there will be a shift in wet
season towards May to July. There will a reduction of peak flow for August and
September (—17.47% to —30.58%) this is mainly because for those periods tem-
perature shows no change while Precipitation expected to be fall down up to
—10%. For the low flow (October to December) HBV-Light models shows a de-
creasing trend. For low flow of the dry season (November to April), since there
will be an increment of both maximum temperature (+0.57°C) and precipitation
(+38.39%), simulation result showed almost no change except for the month of
April which shows an increasing trend for both A1B and B1 scenarios.

Generally the mean annual simulated water balance for the observed period

and future climate change scenarios is portrayed in Table 1. The table results are
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Figure 11. Comparison of current and future period discharge (2015-2050) for maximum
and minimum ensembles of REMO A1B Scenario as it simulated by HBV-Light model.
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Figure 12. Comparison of current and future period discharge (2015-2050) for maximum
and minimum ensembles of REMO B1 Scenario as it simulated by HBV-Light model.

Table 1. Mean simulated annual water balance for the observed period and future climate

change REMO A1B and B1 scenarios in the Megech River catchment.

Qr (mm) ETP (mm) ETR (mm) Qg (A%) ETP (A%) ETR (A%)

Observed
(1991-1995, 559 1424 433 0 0 0
1998-2000)
REMO AlB
2015-2024 545.76 1459.13 485.62 -2.37 +2.46 +12.15
2025-2034 543.78 1460.0 477.58 -2.72 +2.52 +10.29
2035-2044 531.08 1463.76 475.53 -4.99 +2.79 +9.82
HBV-Light
2045-2050 534.60 1462.49 477.08 —4.36 +2.70 +10.18
REMO B1
2015-2024 539.62 1435.6 487.16 -3.46 +0.81 +12.50
2025-2034 540.0 1439.8 478.20 -3.39 +1.10 +10.43
2035-2044 531.80 1438.71 478.11 —4.86 +1.03 +10.41
2045-2050 527.20 1446.25 481.95 -5.68 +1.56 +11.30
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the averages of the 20 ensemble run for each climate scenario of potential eva-
potraspiration (ETP), actual evapotraspiration (ETR) and total discharge (QT).
Change in percentage (A%) had been determined by comparing the reference
observed period discharge and evpotranspiration from the future scenarios
(2015-2050) and it is portrayed in Table 1.

4. Conclusions and Recommendations

As the result indicates the mean monthly maximum temperature would increase
in the range of +0.1°C to +0.51°C for REMO A1B +0.12 to +0.57 for REMO B1
scenarios. The mean monthly minimum temperature was expected to be de-
creased in the range of —0.11°C to —0.25°C for REMO A1B and -0.12 to —0.57
for REMO B1 scenarios in all future time horizons (2015-2050). The result of
downscaled precipitation showed both increasing and decreasing trend unlike
maximum and minimum temperature in all future time horizon (2015-2050).
However in the main rainy seasons (July and August) showed a decreasing trend
with highest decrease observed in August with 10% reduction for REMO Bl
scenario. The beginning of the rainy seasons (May and June) revealed almost no
change while the end of the rainy season (September and October) showed a de-
creasing trend for both A1B and B1 scenarios in all future time horizon.

The calibration and validation results of HBV-Light shows that the model is
able to reproduce discharge with good performance (R*> = 0.92, NSE = 0.91 RVE
= 0.02). The performances of the model in simulating future discharge (2015-
2050) were tested using downscaled REMO climate scenario data. The hydro-
logical models showed that there will be a reduction of peak flow for August and
September (—17.47% to —30.58%). For the low flow (October to December) HBV -
Light models shows a decreasing trend while for low flow of the dry season
(November to April) almost no change will be for both A1B and B1 scenarios.

The study showed that there would be a reduction in precipitation in major
rainy season (Kiremit) and an increment of precipitation in Bega season. Coping
mechanisms like adaptation actions should be taken in accordance with the
present and future scientific studies include: changing the cropping calendar, use
of moisture stress resistant crops, adopt different irrigation methods, crop diver-
sification, mixed crop-livestock farming systems, and scaling up the soil and wa-
ter conservation practices. The catchment water management system should be
in accordance with the future trends of rainfall peaks as the temporal shift in
peak rainfall showed a direct impact on the flow of Megech river catchment.

According to the study, there would be a reduction in precipitation in major
rainy season (Kiremit) and an increment of precipitation in Bega season. There-
fore, soil and water conservation activities should be adopted by the community
as well as water harvesting structure should be properly designed and applied on
the catchment since for the future period temperature and evapotrasnpiration

would increase and would cause a reduction in the flow of Megech River.
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