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Abstract

The aim of this study is to model the responses of Hangar watershed Hydrology to future climate changes under the two

Representative concentration pathway (RCP) scenarios. Future changes in precipitation and temperature were produced using

output of dynamically downscaled data of Regional Climate Model (RCM) 50 Km resolution under RCP 4.5 and RCP 8.5

scenarios for 2025-2055 and 2056-2086. The future projection of the RCM model of climate parameters showed an increasing

trend relative to the base period (1987-2017). At 2025-2055 an annual average precipitation increment of +15.7% and +19.8%

expected for RCP 4.5 and RCP 8.5 respectively. For 2056-2086 of RCP 4.5 and RCP 8.5, also similar trend showed in which

change in average annual precipitation may increase by +20.1% and +23.4% respectively. The changes of climate parameters

used as input in to SWAT hydrological model to simulate the future runoff at the out let of gauging station. The increment in

precipitation projection resulted in positive magnitude impact on average runoff flow. The average annual change in runoff at

2025-2055 of both RCP 4.5 and RCP 8.5 may by +260.01m3/s and +733.18m3/s respectively. At 2056-2086, change in average

annual runoff of +257.08m3/s and +732.26m3/s for RCP 4.5 and RCP 8.5 may expected respectively. This increment may

create an opportunity for community of the area to harness enough amount of water during most increased season for later use.

INTRODUCTION

The issues related to climate change are of prime concern for every nation around the Globe as its implications
are posing negative impacts on society. It is now obvious that human being-related activities, including
burning of fossil fuels, deforestation, and urbanization, have facilitated climate change. Climate change has
direct impact on hydrological cycle which in turn starts a chain reaction impacting agriculture, energy and
ecology, to name a few .Increasing concentrations of atmospheric greenhouse gases, and consequent global
warming are almost certainly responsible for significant changes in global climatic patterns .

Evaluating the hydrological response to an increased climate change is critical for the proper management of
water resources within agricultural systems. Consequently, such impacts of climate change have been widely
studied, mainly using water balance models coupled with General Circulation Models (GCMs).Given the
vital role of water resources in socio-economic development, the potential hydrological impacts of climate
change pose a significant challenge for water resource planning and management . Shifts in the availability
of water resources are expected to be among the most significant consequences of projected climate changes
.

Climate change is predicted to lead to an intensification of the global hydrological cycle.Climate impacts
have been attributed to the associated long-term changes in the dominant climate variables: precipitation
and temperature. Increased temperature is the most commonly identified issue regarding predicted changes
in climate during the coming century, and the potential impacts of this warming have received the majority
of attention (IPCC, 2007). Changes in precipitation patterns are anticipated to be a significant component
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of climate change as well. Climate change affects the function and operation of existing water infrastructures
including hydropower, structural, drainage and irrigation systems as well as water management practices.

Climate change is likely to have severe effects on water availability in Ethiopia . Previous research has
shown that the water resources of Ethiopia are highly sensitive to climate change and variability .The
existing land and water resource system of the area is adversely affected by the rapid growth of population,
deforestation, surface erosion, and sediment transport and climate change impacts. Climate change increases
the vulnerability of poor people, affects their health and livelihoods and undermines growth opportunities
crucial for poverty reduction .Extreme events due to anthropogenic climate change would cause forced
migration and human resettlement resulting in the damage of the social cohesion including the loss of
human lives and physical properties .Therefore, it is very important to quantify such impacts in order to
identify the variation in decisions and thereby minimize the potential damage magnitude of climate change
on a local and regional scale.

METHODS AND MATERIALS

Study Area Description

The study area located at the upper reaches of the Didessa River basin (Fig.1). The river is fed by tributaries
flowing from the north-western slopes of Jardaga Jarte district. It drains to the south-west into Blue
Nile River. The catchment area for this study is about 7673.87km2,located between longitudes 36o 31’
41” and 37 o 06’ 50” E, and latitudes 9 o 41’58” and 9o 59’ 56”N. The area has high topographic relief
characterized by steeply sloping uplands and elevation ranging from 844 to 3207 ma.s.l. Most of the study
area is covered with intrusive Precambrian rocks mainly granite with coarse-grained texture and massive in
nature which is overlaid by thick black to brownish cotton soil. As per the data collected from the National
Metrological Service Agency (NMSA), the study area receives heavy rainfall from June to September and
experiences a limited amount of rainfall for the left seven months. Hangar watershed experienced the
average maximum temperature experienced in the months of February, March, and April whereas, the
average minimum temperature occurred in the months of September, October and November. In terms of
land use, the area is characterized by intensive agricultural activities, forest and significant presence of shrub
land.

Data Availability and its analysis

The necessary input data required for the SWAT model were Meteorological data, Stream flow data, Climate
Scenario Data, DEM (Digital Elevation Model), Land use land cover and Soil data which were collated from
different sources or institutions.

Observed Meteorological and Stream flow data

The meteorological data Such as daily precipitation, maximum and minimum temperature, sunshine hour
data, relative humidity, and wind speed data were collected from the Ethiopian National Meteorology Service
Agency. These data were used as the input to the SWAT hydrological model for the simulation of the
hydrological components. Stream flow data were collected from Ministry of Water, Irrigation and Electricity
(MoWIE).This data is required for calibration and validation of the SWAT model. To perform hydrological
analysis and simulation using data of long time series, filling in missing data is very important. The missing
data can be completed using meteorological and /or hydrological stations located in the nearby, provided
that the stations are located in hydrological homogeneous region. In order to fill the missing observed rainfall
and temperature data, joint application of the regression analysis and spatial interpolation techniques are
used to complete short and long period breaks in data series for a given meteorological station. Such gaps in
the record are filled by developing correlations between the station with missing data and any of the adjacent
stations with the same hydrological features and common data periods. In this study missing of observed
rain rainfall and Temperature values were estimated using XLSTAT by filling each from its neighboring
stations.

Climate Scenario Data

2
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A climate scenario is a representation of future climate conditions (temperature, precipitation and other
climatological phenomena). CORDEX-Africa initiated by World Climate Research Program (WCRP) pro-
vides an opportunity for the generation of high resolution regional climate projections over Africa that
is used to assess future impacts of climate change at regional and local scales. In this research, climate
change scenarios data from the newly available CMIP5 Regional Climate Model(RCM) ensemble output
of CORDEX-Africa for African domain projections under Representative Concentration Pathways (RCP4.5
and RCP8.5) were used as input to hydrological model. RCP scenarios have a better resolution that helps
in performing regional and local comparative studies compared to previous climate scenarios, and RCP
scenarios also represents an attractive potential approach for further research and assessment, including
emissions mitigation and impact analysis.Therefore, in this Study, results of CORDEX-Africa ensemble
RCM simulations for the historical and future climate projections under RCP4.5 mid-range and RCP8.5
high-level climate scenarios with spatial resolution of 0.44° were used. The Data were obtained from (htt-
ps://climate4impact.eu/impactportal/data/esgfsearch.jsp).

Bias Correction

In order to reduce uncertainty due to raw CORDEX data, bias correction was carried out for precipitation
and temperature by the method of linear scaling (multiplicative) and linear scaling (additive) respectively.
From this, the comparison of the generated projection data with respect to the observed analyzed climate
data (base period data) resulted in producing a similar pattern for the Hangar watershed.

DEM,

Land use/Land cover and Soil data

Digital elevation model (DEM) of 12.5 m by 12.5m resolution was downloaded from the website of Alaska
satellite facility (https://www.asf.alaska.edu/sar-data/palsar/) for the delineation and topographic charac-
terization of the watershed. It is also used to determine the hydrological parameters of the watershed such
as slope, flow accumulation, direction and stream network. Land use/Land cover and Soil data were col-
lected from Ministry of Water, Irrigation and Electricity. These data were used as the input to the SWAT
hydrological model to define the Hydrological Responses Units.

SWAT Model Description

Soil and Water Assessment Tool (SWAT) is a basin- scale, continuous- time model that operates on a daily
time step and is designed to predict the impact of management on water, sediment, and agricultural chemical
yields in watersheds. The model is physically based, computationally efficient, and capable of continuous
simulation over long time periods. Major model components include weather, hydrology, soil temperature and
properties, plant growth, nutrients, pesticides, bacteria and pathogens, and land management. In SWAT,
a watershed is divided into multiple sub watersheds, which are then further subdivided into hydrologic
response units (HRUs) that consist of homogeneous land use, management, and soil characteristics. The
HRUs represent percentages of the sub watershed area and are not identified spatially within a SWAT
simulation.

SWAT was selected for the following reason:(a) SWAT is one of the promising and applicable rainfall-runoff
models for developing countries which do not have enough data for fully distributed hydrological models. (b)
It is also computationally efficient to operate on large basins in a reasonable time and capable of simulating
long periods. (c)It is public domain software.

Methodology

The main tools that were used for input data preparation and analysis includes Arc SWAT, SWAT-CUP,
PCPSTAT, Dew02.exe, XLSTAT, and Microsoft Excel. Figure 2 shows Schematic Diagram of the Study
Frame Work.

FINDINGS AND DISCUSSION
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Base period climate projection (1987-2017)

In addition to observed metrological data, the downscaled RCM climate data used to evaluate the hydro-
logical responses to climate change. The comparison of average monthly projected minimum and maximum
temperature and precipitation data with respect to observed data, showed uniformity pattern (Figure 1).This
similarity indicated that the output of RCM simulated the reality of the observed temperature and precipi-
tation in a better way with to a little extent over estimation and under estimation.

Future climate change projection for the first 30 years (2025-2055) and second 30 years (2056-
2086)

Precipitation: The results of analysis showed an increasing trend of average monthly precipitation for
both RCP 4.5 and RCP 8.5 scenarios except during the months of January, March and September as
compared to the base line period. For 2025-2055, average projected seasonal precipitation change varied
from +9.8% to +25.8% and +12.1% to +27.3% for RCP 4.5 and RCP 8.5 respectively. Maximum expected
precipitation change projected in winter and spring than summer and autumn seasons. At 2056-2086 average
seasonal precipitation change of +15.7% to +30.3% and +15.5 to 38.9% expected for RCP 4.5 and RCP
8.5 respectively (Figure 4). The results discussed in this study are within the range with other study which
projected and presented over the Didessa catchment, the difference is they used RegCM3 GCM output and
HBV model (Gebre et al., 2015).

Temperature

Minimum temperature: The trend of minimum temperature showed an increasing in both scenario
projections where the maximum percentage change is expected in the months of February and December.
Relatively the minimum percentage change of temperature is expected in November for both climate periods
of RCP’s. During November, average monthly minimum temperature change expectation varied from +5.2%
to +5.8% and +6.1% to +6.9% at both climate projection horizons for RCP 4.5 and RCP 8.5 respectively.
For RCP 4.5 at 2056-2086, maximum percentage change is +9.9% and +9.2% in February and December
respectively. The maximum percentage change projected in February and December are +9.6% and +9.5%
respectively for 2056-2086 of RCP 8.5 (Figure 5).

Maximum temperature: The projected percentage change of average monthly maximum temperature
also showed increasing trend. At 2025-2055 and 2056-2086 of RCP 4.5 average monthly change in maximum
temperature varied from +2.1% to +7.4% and +2.7% to 9.7% respectively. For RCP 8.5 the change in
average monthly maximum temperature ranges from +2.6% to +8.6% and from +3.2% to +9.8% at 2025-
2055 and 2056-2086 respectively. The projected minimum and maximum temperature in both future time
horizons of RCP’s for the watershed is consistent with the projection presented by other researcher over the
Blue Nile River basin (Setegn et al., 2011) (Figure 6).

SWAT hydrological model calibration and validation results

The SWAT model is calibrated and validated using twenty two years flow from 1990-2002 for calibration,
and from 2003-2011for testing validation (Figure 7). The value of R2 and NSE obtained during calibration
were 0.89 and 0.88 respectively. The sensitivity analysis showed that CN2, SURLAG and CANMX are the
most three top sensitive parameters in the study area.

Future impacts of climate change on runoff

A change in climate parameters especially, temperature and precipitation have had significant impacts on
the amount of runoff. Figure 8 showed the projected average monthly runoff increases varying from +2.3%
to +75.6%, and from -0.4% to +90.5% at 2025-2055 and 2056-2086 of RCP 4.5 respectively as compared
to the base line period (1987-2017). At 2025-2055 and 2056-2086 of RCP 8.5 average monthly runoff also
showed increasing trend ranging from +0.4% to +87.9% and -22.1% to +75.6% respectively. Generally,
average seasonal runoff projection showed that runoff increases in most of the months, especially during
summer seasons. Average annual runoff may expected to increase by +24.5% and by +73.2% at 2025-2055

4
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and 2056-2086 of RCP 4.5 respectively compared to base line period (1987-2017). Similarly, at 2025-2055
and 2056-2086 of RCP 8.5 runoff increment of +23.6% and +73.2% respectively are expected compared to
base line period (Figure 9). The average seasonal and annual increment of runoff due to climate change at
Hangar watershed is in line with other researcher projected presentation over Didessa catchment (Gebre et
al., 2015).

Conclusion

This study assessed the effects of climate change on the hydrology of Hangar Watershed, for 2025-2055 and
2056-2086 under (RCM) RCP 4.5 and RCP 8.5 climate scenarios using SWAT hydrological model to simulate
runoff. Future projection of temperature and precipitation produced an increase trend in both future periods
of RCP’s as compared to the base period. A change in climate variables (temperature and precipitation)
has significant impacts on the magnitude of runoff. Generally, average seasonal and annual runoff projection
showed an increasing trend. Average annual runoff may increases by +24.5% and by +23.6% at 2025-2055
of RCP 4.5 and RCP 8.5 and by +23.6% and by +73.2% at 2056-2086 of RCP 4.5 and RCP 8.5 respectively
compared to base line period (1987-2017). These results indicated that the changes in temperature and
precipitation due to climate change may result in positive impacts on runoff of Hangar watershed. However,
there are many sources of uncertainty during downscaling of climate and simulation of hydrological models.
Hence, the findings of this study could be accepted with care and be considered as indicator of the future
expectation rather than accurate predictions. For this study, only two climate scenarios of RCM were used
and the hydrological model didn’t consider land use land cover changes of different periods during simulations.
However, it is expected that changes in land use and land cover may interact with climate leading to different
projections of future hydrological conditions. Therefore, future researches need to conduct on related topic
should include land use and land cover changes explicitly.
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