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ABSTRACT

Climate change and land cover change, as welisaonsequencem water resources, have been

hot topics in recent years. Understanding the impact of climate change and land use/land cover
(LULC) has become a top priority for Awash Basin water management and resources utilization.
In this study SWATIs usedto assess thenpacts of climate and lanase land cover changes
Streamflow and Sediment yielthd the developmeat bestmanagement pices(BMB) in the

Upper Awash SuBasin (UASB), EthiopiaCORDEXAfrica RAMO22T (E€EARTH) data
outputs for UASB were chosen under the representative concentration pathways (RCP4.5)
scenario to make miterm rainfall and temperature projections (202Q70). The LULC change
analyses for thee periods (1990, 2005, and 202@ere peformed using ERDAS Imagine 2015

with a maximum likelihood classifieBased on the resutibtained(1990-2020) significantly
increasing rates were observed in urban/settlen{@®%) and agriculture(17.8%) and a
decreasing rate were observed in for€atl%) grassland(9.7%) and shrubland8,6%) The
simulation was done by dividing the watershed iBfosub watersheds and by assigning a
hydrological response unit based on tipie HRU definition. The model performance in
simulating streamflow and sediment yield was evaluated through sensitivity analysis, calibration,
and validation processe$he results of the model calibrati¢20022006)and validation(2007
2010)showed rkable estimates of monthstreamflow andediment yield with R= 0.83 &0.85,

ENS= 0.78 &0.8land PBIAS41.35 &14.1during the calibration period an®?=0.77 &0.8,
ENS=0.73&0.78 and PBIAS8.9 & 12.5during the validation periodespectively Streamflow
increased by 4.8% under LULC change and decreased by 1.26% under the impacts of climate
change. The change in sediment was 12.64% under LULC change and 3.28% under the climate
change effect. The LULC change had a greater contribution to changes in sediednban

climate change. Both streamflow and sediment yield increased under combined impacts, with 4.6%
for streamflow and 15.54% for sediment yield. During 12899, the combined impacts of
climate and LULC played a more important role in alteratiohstreamflow and sediment than
individual impactsSimulation of sediment yield establishede sub-basins that yielded higher
sediments. They were shhsin,9,12,13, 14, 18, 20, 21, 22, and .Hence, three BMPs namely

filter strips, terracing and refrestation were developédr critical subwatersheds toeduce the
sediment yiel@ndfilter strip 5 m wide is the most effective feducing sediment yield idpper

Awash Sulbasin.The findings of this study, in particular, will provide valuable infation for
planning and designing sustainable water management approaches that reduce the impact of
droughts, ibods, and sedimentation in Upper Awash-8abin

Keywords: Arc SWATLULC, Upper AwasltSubbasin Climate changeStream flow Sediment
yield, BMPs
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1. INTRODUCTION
1.1 Background

Our world is made up of a range of complex systems that interact on a variety of spatial and
temporal scales, with natural and human influences deeply linked. The close link between land
use, water, and climate inedbe systems has sparked widespread worry about the planet's

underlying traits and processes (Ding et al., 2018).

Water resource planning and management require an understanding of the hydrologic response of
watersheds to physical (land use) and climatamtall and air temperature) chan@grosmarty

et al., 2000) Land cover and climate change have a significant impact on a basin's hydrologic
responses. However, depending on the nature and intensity of the changikasbasin features,
responses differ from basin to basin. Furthermore, the cumulative effects of the alterations have
an offsetting or synergistic effect on a basin's hydrologic respdisdste etal., 2020) The
hydrologic cycle is affecteby climate and lanrdse change via changing hydrological responses
such as streamflow, surface runofffaseflow, and evapotranspiratiofeklay et al., 2021)
Anthropogenic interferences in the form aht use/land cover changker the balance between
rainfall, evaporation, and runoff response in a watershed, modifyinglbgdral processes. This
means that werstanding the effects of LUL&nd climate change on river flow and soil erosion

is critical for effective and lonterm monitoringand planning of land resourcdsand use and

land cover (LULC) dynamics in general, cathe conversion of natural vegetation cover to
cultivated land in particular, are major hurriaduced concerns in Ethiopia that have contributed

to increased soil erosion and altered the country's hydrological béNegese2021)

In recentdecades, climate change lasimpact on natural and human systems on all continents
and throughout oceanbnpacts are a result of climate change that has been observed, regardless
of its source, indicating the vulnerability of natural and human systems to climate ¢heayge

et al., 2014)Global population growth and demand, as well as climate changmjtang pressure

on water resource&thiopia’'s precipitation patterns, rainfall variability, and temperature will be
affected by climate change, thereby increasing the frequency and sevdotydsfdnd droughts.

The supply of clean drinking water is likely to diminish as a result of increasing evaporation and

increased variability in rainfall events. Quantitative evaluation of land use land cover change and



climate change's hydrological conseques at the watershed scale will aid in comprehending the
possible water resource problem, better planning, decisions, and the development of appropriate

water management methg@mane et al., 2016

The lack of suitable soil conservation measuregaod land use management are two of the most
serious risks to sustainable agriculture and watershed management around theBesirld.
management practicBMPs) approaches are cesftfective ways to improve basin health and
agricultural land productivitywhile reducing environmental impact (Uniyal et al., 2020).
Agricultural and structurabased BMPs are commonly used for reducing soil loss within the
critical sediment parts of the watershed. To minimize substantial erosion from the upper catchment
and limt sediment deliveryyBMPs) mustbe implemented.

For many years, hydrological models have been a useful tool in water resource management, and
they are typically used to predict the effects of projected land use/land cover and climate change
scenarios, awell as to assess management technifjusgesse et al., 2010} processbased
hydrological model can be used tptre the combined effects of land cover and climate change

on hydrological processgZhou et al., 2013)The best possibilities for integrated modeling
method are hydrological models (Soil and Water Assesg Tool;, SWAT). Bcause they can
forecast hydrologic responses to spatiahd temporally varied inputs rgripitation and land
cover).Therefore, in this stud@WAT modelwas appliedo assess the impts of climate change

and land use land cover chasgae streamflonand sediment yield, development of BMPs in the

Upper Awash River Basin in Ethiopia.

1.2 Statement of the Problem

The rapid land use/land cover chasgmaused by the clearing of tierest for agricultural,
urbanization and mustrialization are presumedaddversely affect the hydrologic respomé¢he

Et hi opi an 6 $Gashawetal., 20B& Fesfany 2DIBhis is shown by reduced strethouv

during dry periods and increasiakh floods in wet seasons. &aldition,the climatic change from

time to time, has direct impact othe hydrology of the catchmer8lfiferaw et al., 2018

The Awash River is one of the country's river basins, and it is under severe stress as a result of fast
population increase, urbanization, industrialization, and agricultural development. As a result of

changes in land use/cover and climate change, the basin's hydrological patterActuofiding



to Getahun and Geb(2015) and Miu et al. (2022) Awash Rier basin is highly vulnerable to
recurrent flood due to extensive land use change and intensified rainfall.

A combined study of climate change and LULC can provide information about watersheds that
can be used to make decisions about water and land resdevebpment and management
(Randhirand Tsvetkova2011). Different researchegere conducted on the separate impacts of
climate change and land use land cover change in the basirseparttate studies of LULC change

or climate change daot providecompleteinformationaboutthe combined effects of climate and

LULC changes on streamflow and sedimentation of water boilss, few researchers conducted
research on combined i mpacts, and they didnodt
BMPsfor the basinAs a result, it is critical to assess the effects of both climate and Icbafges

on streamflow, sediment yield, and establish BMPs in the catchment

With poor land management, the upper Awsshbasin is extensively exploited for graziagd
cultivation (Sufiyan, 2014). In thisubbasin poor land management leads to uncontrolled soil
erosion and degradatiothis results to significant silt transport in streams and river systems. As a
result, developing the watershed management praistiparamountto alleviate sedimentation

problem in the area.

1.3 Objectives of the Study
1.3.1 General objective

The general objective of the studgs toModelthe Impacts of Climate and Land Use Land Cover
change on Streamflow and Sediment Yield, anddbging Best Management Practices in the
Upper Awash SulBasinin Ethiopia.

1.3.2 Specific objectives

In order to meet the general objective of the study, the following specific objectives are set to:

U Assess spatiotemporal variations of LULC change of upp&sh sukbasin (1990 to
2020)
U To evaluate the performance of the SWAT hydrologic model in simulating streamflow and

sediment yield in the Upper AwaSlubBasin

U Evaluatecombined impact of CC and LULC on stream flamd sedimentigld

U To develop beswvatershed management practices to alleviate sedimenpatiblem in the
study area



1.4 Research Questions
U How spatiotemporal variations of LULC change look like in the study area?
U How well does the SWAT hydrologic model performs in simulating streamflowv a
sediment yield in the study afea
U How to evaluate combined implication of changimgh climate and LUL®n streamflow
and sediment yield?
U Which watershed management pradtices best for alleviating the problem of

sedimentation ithe study area?

1.5 Significance of theStudy

The Awash basin has a high rate of land las&] cover, and climate changguantitative estimates

of climate and LULC change's hydrologic effects are also necessary for comprehending and
resolving potential water resource maeaagnt issues such as water supply for domestic and
industrial water use, power generation, and agriculture, as well as future water resource planning,
design, and management, and environmental protedtios.shift and its impaawereevaluated

using semdistributed models, which allowed the watersheabtain critical informationAs a

result, evaluating the impact of land use, land cover, and climate change on watershed hydrology
response might encourage policymakers and experts to maintain wateremanagand

consumption in the catchment.

1.6 Scopeand Limitation of the Sudy

This study is focused on determining the impac€Ctimate andLULC on the streamflow and
sedimentield due to historial Climate and.ULC change in th&pper Awash Sulbasin.It also
includes identifyinghe best management practice to minimize sediment production upplee
Awash Subbasin.An approach, based on land surface features mainly responsible for erosion,
which includes slope and soil type is alesed in this sty by dividing the catchment intals-
watersheds to assess the -stdiersheds contributinghaximum sedimentsThe dynamically
downscaled regional climate data from the-EEARTH output of CORDEXAfrica downscaled

with the RCP4.5scenariovasused tgorojed futurerainfall andtemperaturefrom 2041 to 2070.
SWAT model also applied to simulate streamflow and sediment yield over the basin in this specific

study.



The followingsare the limitations the study:
A The study is limited from investiging future LULCand Climatechange impactsn
streamflow and sediment
A The climate variables used in this study fainfall and temperatuse projectionare
CORDEX-Africa results, which are not an ensemble or single RCM output and only

RCP4.5, which may affect the outcem

1.7. Thesis Organization

This thesis contains five chapters organized as fall@®hapter one gives a genardtoduction

to the study with its background, objective and research questions are also discussed in this chapter.
Chapter two describes rewed literature about the subject matter and it gives a scientific review

on facts this study is mainly based on. Chapter three describes materials and methods adopted for
the study including brief description of the study area location, the availableldyidal
meteorological and spatial data used for this study and as well as how data are analyzed. Chapter
four discussed the result of the study and the last chapter five ends with research conclusion and
recommendations based on the study conductedliwaire direction for future studies



2.LITERATURE REVIEW

2.1.0verview of Climate Change

Climate change is changen the state of the climatiat; can be identified by changes in the
mean and/or the variability of itproperties andhat persevesefor an extended period, typically
decade®r longer(IPCCII,2007).In the context of global climate changegst of Africa has also
experenced a significant warming trend ovee fast decades and the treneiigected to continue
in the future Hulmeet al, 2011; Mango et al, 2015).

According toIPCCII (2007) findings developing countries, such aghiépia will be more
vulnerableto climate change. Because of the lessilfiéity to adjust the economistructure and
is largely dependent on agricukerthe impatof climate change has far reach implication in
Ethiopa. Upward trends in annual aemperature and downward trends in wadrrainfall have
been observedver Ethiopia between 1948 and 2006rf et al., 2013 whereas\\Vorld Bank,
2008 reported that Ethiopia willese further warming of 0.7°C azd3°C by the 2020s and between
1.4°C ad 2.9°C by the 2050s (Belay at.,, 2016). The changes in both tengtere and
precipitation exhibitemarkable regional viability (Belay et al., 2016

2.2 General Circulation Model (GCM)

General Circulation Models, or GCMs, depict the physical processes that occur in the atmosphere,
ocean, cryospherand land surfack’CC (2014). Additionally, the most sophisticated techniques
now in use for predicting o the global climate system will respond to rising greenhouse gas
concentrationsRahman, 2019)Simpler models have also been used to provide estimates of the
global or regional average of the climate response, but only GCMs, possibly in conjunction with
regional models, have the potential to provide the geographically and physically consistent
estimates of regional climate change that are necessary for impact analysis.

2.3. Downscaling Methods

GCM represent climate in a horizontal resolution between 886A0km which is more global
representation that would be quit coarse for regional impact assesaieetstét al., 2004; IPCC,

2013; IPCC, 200 However, the hydrological effects and adaptation to changing climate in river
basins are mainly taking plaat local to regional scales that lie within just one or a few GCM
grid-cells. For instance, climate change impact assessment on the future runoff may require daily

rainfall scenario at regional or at catchment scdleSC, 2013)Finer the resolution @ar which
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the information is given, the more adequate, usable, or richerGherion, 2014; IPCC, 20D7

This implies that, the use of GCM outputs directly may mask the reality for impact assessment at
regional or catchment scales. Therefore, downsca@aipniques into local meteorological
variables is essential to assess climate change impact in detail as compared with direct use GCM
outputs [PCC, 2007. Dynamical and Statistical Downscaling Methods (SDSM) are the two types

of downscaling techniques e mostly in literatures.

2.3.1.Statistical downscaling approach.

Statistical downscaling procedures build statisticahtr@hships between larggeale climate
information (predictors) and regional variables (predict&diilly et al.,2004. It involvesthe

creation of empirical correlations between local and kagde atrospheric variables across time.
Future local climate variables are predicted using future global climatic variables predicted by
GCMs.These SD techniques, accordinglREC, 200}, can be divided into three groups: weather
categorization, regression models, and weather generators @vdby2004). As a result, a GCM
should be able to accurately reproduce a suitable predicator that is pertinent to the predicted. the
predicate of irgrest significantlycorrespondswith the data already available from GCM

simulation archives have a steady relationship with the expectediiraréant).

Advantages of statistical downscaling are that it is computationally inexpensive and efficient. This
allows many different emissions scenarios and GCM pairiigs.the disadvantages sffatistical
downscaling are that high quality observed data maynbgailable for many areas amdssumes

that relationships between large and lesxdle processwill remain the same in thieiture

2.3.2.Dynamical downscaling approach

Dynamical downscaling (DD) implies the application of regional climate models (RCMs) for
limited regions with boundary conditions based on GCM simulatidysamical downscaling is
implemented to nest a fimesolution regional climate model (RCM) driven by boundary
conditions from the GCM (Guo and Wang016; Wang et al.2017; Liang et a).2019).
Computationally, dynamical downscaling is thoensuming. Many collaborative projeet® now
using dynamical downscaling to generate climate simulations for modekortgarisons and

effect assessments.



Dynamical downscaling has been used to give regional climate projections since the end of the
1980s (Dickinson et gl1989) and it habecome a well acknowledged and widely utilized method

for producing climate change information at the regional scale. The Coordinated Regional Climate
Downscaling Experiment (CORDEX) is a muitiodel regional climate change projection study
that is beingcoordinated internationally (Giorgit al, 2009). Under the auspices of the World
Climate Research Program (WCRP), CORDEX (Coordinated Regional Climate Downscaling
Experiment) is an initiative to downscale different GCM outputs that participated in the@edo

Model Intercomparison Project Phase 5 (CMIP5) data archive (Taylor et al., 2012) on 25Km and
50Km grid spaing for 14 regions of the globe.

2.4. Evaluation of Regional Climate Model Simulations of Climate Variables

The complexity and diversity of thgrocesses that need to be represented make it difficult to
accurately and consistently simulate the climate over the African continent using GCMs and RCMs
(Laprise et al., 2003 The annual mean rainfall variability over the Ethiopian highlands was
oversated by the models. According to studies fr&mdris et al.(2013 for the Ethiopian
highlands, simulation resulfsom CORDEX-Africa models accurately represented the shape of
the monthly rainfall distribution and the yearly rainfall anomaly, but theysteted the mean
monthly rainfall quantity.The model simulation outputs of rainfall dadse assessed using
statistical approaches like bias, coefficient of variation (CV), and correlation coefficient (Correl.).
These statistical methods are the mostuesrdjy used standards for assessing the effectiveness of
model simulations, including in Ethiopia (g.¢laile and Rientjes, 20L5According to(NMSA,

1996 classification; the degree of rainfall variabilis/less with (CV <20%)noderately variable

(CV ranges between 20 to 30%) and highly variable (CV >308&6jelation coefficient (Correl.)

was used to etuate the linear relationshipstween the observed and model output datasets with

a valie of one representing perfeetationships

2.5. Climate Change Scenarios
2.5.1 Shared socioeconomic pathways (SSPs)

The Shared Socioeconomic Pathways (SSPs) are an essential part of the new generation of climate
scenariosThe shared socieconomic pathways (SSPs), which forecast future se@amomic

circumstanes around the world and related GHG emissi@ibl€ill et al., 2018 They include



narrative and quantitative components of s@tological systems, such as demographic, political,
social, cultural, institutional, lifestyle, economic, and technologicahlikes and trends, and they
outline conceivable alternative states of human and natural societies at a macro scale. They also
cover how humans affect ecosystems and ecosystem services like biodiversity and the quality of

the air and water. The regionaldasectoral scenarios can be added to the global SSPs.

2.5.2 Representative concentrationghways (RCPSs)

To provide a variety of potential futures for the evolution of atmospheric composition, climate
experts have established a set of scenarios calledepesentative Concentration Pathways
(RCPs) Moss et al., 2008).

Four typical concentration pathways are defined for effect assessment studies in the IPCC Fifth
Assessment Report (AR5, 2014). The terms RCP2.6, RCP4.5, RCP6.0, and RCP8.5 are derived
from the likely range values of radiative forcing in 2100, which are, respectively, +2.6, +4.5, +6.0,

and +8.5 W/m2. Here is a summary of the four pathways:

Table 21: Summay of representative concentration pathways

Name Description PublicationrlA Model
RCP2.6| Peak in radiative forcing at 3W#490ppm (Van Vuurentet al., 2007a; Vg
COzequiv.) before 2100 and then declines to | Vuurent et al. 20060MAGE
3W/n? by 2100.
RCP4.5| Pathway without overshoot to #ABm 2 ( 650 | (Clarke et al. 2007; Smith ang
ppm COzequiv.) at stabilization after 2100 Wgley 2006)GCAM

RCP6.0| Pathway without overshoot to 6.0W/i(n850 (Fujinoet al. 206; Hijioka et
ppm CQequiv.) at stabilization after 2100 al. 2008)YAIM

RCP8.5| Risingpathway leading to 8.5W/ 1370ppm | (Riahet al. 201}MESSAGE
COpequiv.) in 2100
Source: (Vuuren et al., 2011).

2.5.3.Comparisons of SRES with SSPs and RCP climate scenasio

Radiative forcing estimates from the four RCP scenarios used in CMIP5 range from 2.6 to 8.5
Watt per m at 2100, ayreater range than the three SRES scenarios used in CMIP3 (IPCC, 2013).
Unlike the RCP scenarios, the SRES scenarios do not anticipate any type of strategy to combat
climate change. RCPs describe radiative forcing paths and, in contrast to the SpemiabiRRep

Emission Scenarios, are not exclusively tied to secimnomic assumptions (SRES). A wide



variety of socieeconomic and technical development scenarios could lead to any one radiative

forcing pathway (Van Vuuren et.a2011)

2.6. Impactof Climate Change on Temperatureand Precipitation
2.6.1.Global climate change impact on temperature and precipitation

The global temperature and precipitation have changed rapidly over the last century due to
anthropogenic increases of greenhouse g&3d&s) inthe atmosphere (for example, burning of
fossil fuels, like coal, petroleum and natural gasses and widespread deforef&dimeyla and

Simg 2015) According to the Intergovernmtal Panel on Climate Change (IPCC), increasing
concentrations of GHGs, specifically carbon dioxide, would cause global surface temperatures to
rise by 1.4 to 5.8°C by 2100 years.

African countries are more affected by climate change because of theiceatia agriculture as
well as their lower financial, technical, and institutional capacity to gRgse,2015.The most
significant climatic change that has occurred in Africa has been adomgreduction in rainfall

in the semiarid regions of West Africa

2.6.2. Climate changeimpacts on temperature and precipitation in Ethiopia and Awash

Basin

Ethiopiacontributes very little to global greenhouse gas emissions, but it is affected by the negative
effects of climate change brought on by rich countries' cairitensive development pathways
over the last century. Temperatures across the country could/sb to 3.6 degrees Celsius by

2070, according to the government's First National Communications to the UNFCCC.

Rainfall is a valuable resource, especially for developing nations, and its fluctuation has a
significant impact on social and economic li#@afough et al., 2014), as agriculture is their primary
source of income. Flooding can arise from excessive rainfall intensity, whereas drought can result
from a lack of it. Ethiopia was severely impacted by both a rainy and dryny2@07(Bedassa et

al., 2015). According to the author, Ethiopia experienced severe failure in 2009 during the main
rain season in most parts of the country (JJAS), which was the most severe in the last 30 years. In
2007 and 2006, the country had severe floods; 2007 was tmewébrst flood years in East Africa.

Crop failure and starvation happened as a result of such climate hazards in the country, while
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catastrophic flooding induced by rainfall wreaked havoc on many people across eastern Africa in
2007.

For example, accomg to research conducted by CORDAID (2012) in Dire Dawa, the following

are the main flooding incidents that occurred in the recent three decades and resulted in significant
loss of human life and propertyin May 1984, 42 people werkestroyedand propey worth 10

million birr was lost; in August 2006, 256 people weestroyed244 people went missing, 10,000
people were displaced, and 1827 households in 17 rural kebeles were negatively impacted; in April
2010, no human life or live animals were log a result of the early warning system'’s

implementation, but property worth 28 million birr was lost.

Kebede et al. (20)3used largescale atrmospheric output variables frol@GCM3.1 global
circulation model and the regiahmodel REMO with statisticalownscaling method to assess
temperature and precipitatichange projection over all BaAkobo river basinsThe investigator
used GCM outputs based on Special report on emission scenais)$Rassess the future
precipitation and temperature for a permfd2011 to 2050 with A1B and Bédlimate scenarios.
The author suggested that, the result of downscaled precipitation rthaggisecipitation does
not verify a systematic increase or desee@n all future time horizonfr both A1B and Bl
scenario unke that of maximum tengvature. However, the resultREMO A1B and B1 scenario
suggested similar trend for miemum temperature (+1.3°C) arf@d4%) for rainfall during a time
range of 2011 to 2050s. Thesessment of the investigatisras done based on GCiodels of

horizontal resolution 25600km at regional scale whichay not address local scale

2.7. RS and GIS Application in Hydrological Systems and LULC Change ralysis

The science (and to some extent, art) of learning about the earth's surface agthally being

in contact with it is known as remote sensing, according to Canada Centre for Remote Sensing
(CCRS) (1999). To do this, energy that is reflected or released is sensed, recorded, processed,
examined, and put to use. Analyzing change is drémianaintaining and monitoring the earth's
natural resources. Monitoring shifting agricultural, estimating deforestation, and other

environmental changes are a few examples of its use (Jingan et al., 2005).

There are only roughly 157 different land cogategories, and no research location will have all

of them, according to the modified United Nations Educational Scientific and Cultural
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Organization (UNESCO, 1976) classifications scheme. Therefore, using the Classification
method, it will be essentiab tdivide pixels into a smaller number of closely related classes based

on spectral similarity (Oumer, 2009). The categorization of remotely sensed pictures for various
applications involves two main strategies: supervised classification and unsupervised

classification.

In supervised classification, the computer program is trained to understand that particular sorts of
pixels correspond to particular types of land cover. In this method, the software divides the pixels
into groups based on comparable samigiestures, with information from the fieldwork and prior
knowledge of the area serving as crucial inputs. The desired number of groups or clusters will be
entered into the software during unsupervised categoriz@@iomer, 2009)The pixels are then

grouped by the software in decreasing brightness order based on comparable spectral properties.

2.7.1 Drivers of LULC Change in Ethiopia and Awash River Basin

According to Bronstert et al. (2002) throughout therenhiistory of mankind, intenseuman
utilization of land resources has resulted in significant changes on thedarehd landover.

The fast population growth and desire for a higher standard of living in Ethiopia have put enormous
strain on the country's natural resources. The requirement fée &aab), grazing land, fuel wood,

and settlement areas has increased in tandem with the increase in the human population in order
to meet the local demand for food, energy, and cattle populé&ttmording to numeroustudies

a number of variables have lménced Ethiopia's land cover from its initial state. The growth of
cultivated land at the expense of grasslands is one example of these human activities. According
to Gebrehiwet (2004), the impact of population pressure has resulted in a decline ih natura
vegetation and an increase in agricultusadd cover. Hadgu (20908he expense of woods and

shrub land, open space and setdats are growingdedlund and Tekle (2000), conversion of

natural pastures and forests to croplands has resulteedir declne Kassa (2003).

According to the majorityfdhese research (Amsalu et2007; Hurni & Zeleke, 2001), population
pressure is one of the main factors influencing changes in land use and land cover through the
removal of vegetation and forests for agrictal and urban expansiofind alsoShiberu and Kifle

(1998), Badege (2001and MOARD and WB (200Y also concluded that the dominant mixed
farming practices in the highlands of Ethiopia without appropriate and integrated land management

practices were maj driving forces of vegetation cover loss and land degradatessema et al.
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(2020 conduct a research on modelliagd use dynamics in the Kesem <adsin, Awash River
basinand conclude that thmajor driving forcef land use land covevere popultion density
and ovetuse of landThe population sizlas played a fundamental role in the dynamidddfC

in the study basirBesides the alarming rate poptida growth, the study basin has been a center
for both theagricultural and industrial revoion in recent years due the proximity to the urban
centers of the country includirgddis AbabaChakma & Shawul, 2019)

2.8. Climate and LULC Change Impacts orStreamflow and Sediment Yeld

Zhang et al. 2022 studiedthe Impacts of Land Use and Cowehange (LUCC) and Climate

Change on Discharge and Sediment Load in the Hunhe River Basin, Northeasi €ihin@WAT
hydrological model and founithatthe combinedimpact of LUCC and climate change decreased

the annual dischige and sediment load by 22.65%d 31.51%, respectivelAnd also nmnor

changes in annual discharge G@ %) and s edi meveare caldsed dyLUCA, dnd 3 3 %)
climate change led to a pronoedcdecrease in annual dischafge 22 . 6 9 %) and sedi
(7T 30. 61géhpral, they conatle that climate change rather theldCC dominated the
hydrological alterations ithe HunheRiver Basin

Watershed temperatures, nutrients, and other elements affecting streamflow and water quality
change through time and spaéecording to Ahearn et a{2005), Ficklin et al. (2014), Kaushal

et al. (2014), and Kharel et al. (2016), the two main factors affecting water quantity and quality in
watersheds and waterways are climate change and LULC charugé.hydrological processes

are altered by climatéenange, and this has an effect on water quality and streamflow both directly
and indirectly. Changes in LULC have an impact on hydrological processes such interception,
infiltration, and evapotranspiration, which modify surface and subsurface flows adta res

In a watershed, erosion and sedimentation are closely tied to organic processes that are primarily
fueled by precipitation and runoffflopography, soil type, catchment area, climate (precipitation,
wind, temperature, etc.), plant cover, hunnafuenced soil erosion, forest fires, and river
discharge are some of the contributing elements that affect sediment output in a watershed
(Francipane et al. 2015[Erosion and sediment transport processes arétigen® changes in

climate andand cover andata wide range of human activitieecause of their close links lemd

cover, land use, and the hydrology of a river baafalling 2009.
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Mekonnen and Tadele (201a@nalyzed the combined effects of land use and climate change on
soil erosion and streartofv in the Upper Gilgel Abay River catchment using SWAT hydrological
model. The result showed that the combined effect of tbaséd land use and climate change
(2011 2025) will increase the average annual sediment load by 29 % and significantly affects s
erosion compared with other scenaifiibe study conducted by Mitiku et a023)examining the
impacts of climate w#abilities and land use changa hydrological responseof Awash River
basin reported thate effects of both climatand land uselanges will likely to increase the river

flow and possibly aase flooding in the upper Awastiver basin.

2.9. Hydrologic Models
2.9.1 Hydrologic model concepts

Hydrological modeling is a powerful technique of hydrologmatems investigation fdroth he
research hydrologist and practicing water resources engineers involved in the planning and
development of an integrated apgch for the management of watéhe goal of utilizing a model

is to establish baseline characteristics when data \sailable and to mimic difficult tacalculate

long-term effects (Lenhart et al., 2002).

2.9.2 Classification of hydrologic models

For studying hydrologic processes and hydrologic responses to land use and climatic changes,
mathematical models and geospatial asialytools are required (Dilnesaw, 2008hey are
classified asl.umped, Semdistributed, Distributed Model3.he parameters in Lumped Models

are not spatially variable within the basin and do not represent physical aspects of hydrologic
processes. The ba response is simply assessed at the outlet, with no consideration for adjacent
subbasins. The effect of geographic variability on model parameters is assessed by determining
effective values for the entire basin using specific methodolod@gsdividing the basin into a
number of smaller subasins, semidlistributed models allow parameters to change in space to
some extent. When compared to other models, the fundamental advantage-dissdmied

models is that they have a more identifiable phylidased structure and require less input data.
Some hydrological models, such as SWAT, HEMS, and HBV, fall into the semdistributed
categoryln a distributed model, parameters can fluctuate in space at a resolution that is normally

set by the user. &a about the spatial distribution of parameter variations, as well as computational
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tools, are combined in a distributed modeling approach. The parameterization of this model usually

necessitatea substantial amount of data.

2.9.3Criteria for model seletion

There are a number of factors that can be used to select the best hydrological model for a given
problem. Because each project has its own set of objectives and needs, these criteria are always
projectspecific. Furthermore, some criteria are depahda the user. There are four common,
fundamental selection criteria that must always be answered among the variousigmgectent

selection criteria (Cunderlik., 2003):

+ Required model outputs important to the project and therefore to be estimatedindel
(Does the model predict the variables required by the project such aetongequence
of flow?),

+ Hydrologic processes that need to be modelled to estimate the desired outputs adequately
(Is the model capable of simulating singleent or continous processes?),

+ Availability of input data (Can all the inputs required by the model be provided within the
time and cost constraints of the project?),

+ Price (Does the investment appear to be worthwhile for the objectives of the project?).

2.10. Soil andWater Assessment Tool Model

SWAT was created bgArnold et al. 1998)o forecast how various management techniques would
affect water quality, sediment output, and pollution loading in watersfibdsmodel has not let

us down, as it has shown to be &fustool for analyzing water resource and nonpsmirce
pollution issues at a variety of scales and in a variety of environmental contexts around the world.
The model was created to be utilized with watersheds that are not gaugetti (et al. 1998;
Chaubey et al. 20105WAT is capable of modeling both local and big aréziga( et al. 2008)
accurately. Due to its ability to function on a daily, monthly, or annual time step, the SWAT
model is adaptablé@ he internet offers a variety of SWAT modelstthaay be downloaded for

free. They are categorized according on the operating system that they use. There is the
MWSWAT, which utilizes the Map Window interface, and the QSWAT, which operates on the
QGIS platform. Anyone can use MWSWAT and QSWAT becauge wiadows and QGIS are

both free resources. The Arc SWAT, which utilizes the ArcGIS platform, is the last option.
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However, ArcGIS is a commercial product, which restricts how the Arc SWAT carsdu
Therefore,lhe SWAT model application was calibratedlaerified in various regions of Ethiopia
(Kassa2009;Setegn et al., 200Getachew and Melesse, 20T&sfahunegn et al., 2013hawul

et al.,2019;Chotoand Fetene, 20)9These studies have already demonstrated that the SWAT
model was evaluated in @ regions of Ethiopia with a sufficient level of accuracy in gauged

catchments.

2.11 Best Management Practices (BMPs)

BMPsare defined as the soil and water conservation practices including social and cultural actions
which have been recognized as thie@fve and practical ways for the environmental protection
(Sharpley et al., 2006BMPs are commonly designed with the purpose of ensuring the efficient
use of agricultural chemicals; enhancing soil cover; reducing the velocity of stufaf® and
improving the management of livestock wagestti et al., 2003). Troeh et al. (20@4ated that

soil and water conservation methods are usually classified into two as vegetative and mechanical
practices. Vegetative practices ensure denser vegetativefooeelonger period. Crop rotation,
efficient use of fertilizers, and narrow row spacing can be given as examples of vegetative
practices. These practices provide both improved product yield and erosion c@hiol.
mechanical practices of soil conservatare a methods of soil protection which includes various
enginering techniques and structures such as Basin leaching, Pan breaking, Sub soiling, Contour
terracing, andContour trenchingNovotny (2003),0n the other hand, categorized BMPs under

three catégories as structural, vegetative, and management.

In humid regions, the terraces are functioning as the structures improving the quality of water by
reducing the rill erosion, avoiding the formation of gullies, and permitting the settling of sediment
from the surface runoff. Contouring or the contour farming is plowing and the crops are planted
so that field contours across the slope. Contouring is used for both erosion control in humid regions
and for increasing soil moisture by decreasing runoff lossssizhumid regions (Novotny, 2003;

Troeh et al., 2004).

2.111. Land management practice effect on soil erosion

Physical, agronomic, and vegetative SWC measures have a direct impact on the -iterarah

off-site impacts of runoff and soil erosiomh{teraw & Holden, 1999; Nyssen et al., 2007). As a
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result, SWC measures play a critical role in reducing runoff, soil erosion, and sediment yield in
the Ethiopian highlands (Vancampenhout et al., 2006; Nyssen et al., 2007; Tilahun et al., 2013).
Over the &st three decades, Ethiopia's government has launched and implemented a huge soil and
water management (SWM) initiative to limit the damage caused by erosion, flooding, and
sedimentation (Shiferaw and Holden, 1998; Herweg and Ludi, 1999; Mitiku et ab).200
Sufficient surface cover can control splasioded soil while regulating its velocity with physical

and vegetative measures to reduce soil transportation by surface runoff (Nyssen et al., 2008). The
fundamental principle of reducing soil erosion by evas to reduce runoff as much as possible
(Mitiku et al., 2006; Nyssen et al., 2010).

2.112. Best management practices to alleviate sedimerieid

Several studies have been conducted around the world, notably in Ethiopia, to assess the efficiency
of vaious BMPs on hot spot areas of a watershed to minimize sediment output and soil erosion.
Uniyal et al. (®20), demonstrated the effectiveness of structural BMPs {0086) and
agricultural BMPs (Z7%) in reducing sediment yields at the watershed leveEitupper Baitarani

River basin in Eastern India. In Ethiopia, Nadew et al. (2019) found that applying filter strips and
parallel terrace/stone bunds scenarios reduced existing sediment yields by 48 percent and 53
percent, respectively, when compared toekisting condition scenario at the sbiésins and basin

outlet in the Guder watershed, Blue Nile Basin. Furthermore, Tesema and Leta (2020) used three
management methods to remediate high sediment yield regions: vegetative filter strips, grass

waterwaysand terracing in high sediment yield areas.
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3.MATERIAL SAND METHOD S
3.1 Descriptionof Study Area

3.1.1. Location

Awash River rises on the high plateau near Ginchi town west of Addis Ababa and flows along the
rift valley into the Afar triangle, and teinates in salty Lake Bbe on the border with Djibouti
(Tessema, 20)1Thegeographical location of uppAwash Subbasin is in betweelongitude 8°

46N 24.6n tod 9Aat3iNj uldSe. 83nf A\N. 2aANNjTh8 Bagjis afivers abous 9 A
11,607km?. The average altitud@nges from 1688 to 3576 metatsove mean sea level
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Figure 31: Location of Study Area
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3.1.2 Climate characteristics of the study area

The climate of the Awash basin is humid to $wimid in thehighlands and senarid to arid in

the rift valley. The climate of the Awash Basin comes under the influence of thel tofgcal
Convergence Zone (ITCZ). This zone of low pressure marks the convergence of dry tropical
easterlies and the moist equatoniadsterlies. The seasonal rainfall distribution within the basin
results from the annual migration of the ITCZ. The ITCZ starts its advance across the basin from
south in March, bringing the small apringrains In June and July reaches its most northerly
location beyond the basin, which then experiences the heavy or summer rains throughout. The
ITCZ returns southwards during August, September and October, restoring a drier, easterly air
stream that prevails until the ITCZ resumes its northward migratidarch. The distribution of
rainfall over the highland areas tends to be modified by orographic efi@ctsal rainfall ranges

from 850mm to 1000mm in the plain area and amounts in the mountains of Upper Awash River
basin respectively. Mean annual tengtare is about 15°C in the highlands and around 21°C in
the lowlands. The rainfall shows strong altitudinal variations. The-b@asm receives
approximately 70%75% of its annual rainfall during the wet season which covers the months
Juné Sepgember (Dilnsaw et al., 2006

The rainfall pattern in the upper awash sub basin is mostly unimodal, with the majority of rain
falling from late June to early September (Kiremt) and the rest of the year mostly dry, with a little
amount of rain occurring from March May (locally known as the rainy season) (Bdlgadese
et al., 2019 The averageandmonthly rainfall maximum and minimum temperatui@sthe six

stations in theipper awash basin are shown in thguife 32, 3.3 and3.4) respectively
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Figure 33: Spatiotemporal variations of maximum temperature over the study area
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Figure 34: Spatiotemporal vaations of minimum temperature over the study area
3.1.3. Topography

The research area's physical settings are defined by the heterogeneity of massive natural systems
such orographic groups, high plains, mountains, and plateaus. The Upper@weddsin & the
topographic level of all lands above 1500 m, based on physical and socioeconomic considerations
(Yitea, 2015). The region is located to the northeast of the Rift Valley Lakes Basin, and the
topographical heighdrops in general as one mowertheastRelatively, the most utilized river

basin and the only river entirely in the country.

3.2 Materials and Software

In order to achieve the goal of the alijees, the following softwareer e used. These
includes ArcGIS interfacedrcSWAT-2012which was used for the SWAT model setup and data
preparation, ArcGIS, Googleeatttin-pro-7.3 and ERDAS Imagine 2015 are used for the
preparation of spatial data including LULC image classifications, Sequential Uncertainty Fitting
version 2 (SUFRR) algorithmin SWAT calibration and uncertainty prograi§WAT-CUP)
software package for model sensitivity, calibration, and validaGamgle Colab for Plotting of
GraphsandRAINBOW software are used for the homogeneity test of rainfall data.
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3.3 Model Input and Data Sources
3.3.1 Weather data

The climatic data (i.e. daily rainfall, maximum and minimum temperature, relative humidity, wind
speed and solar radiation) were collected from the Nationaldw#tsyical Institute of Ethiopia

(NMSA) for stations located whin the study basinTheweather data used were represented from

six stations (A.A Observatory, A.A Bole, Tullu Bollo, Asgori, and Intoto) located in the watershed
and one station (Mojo) located aral the watershed for the $@ars(1989to 2019. Hombde

Climate Station is not considered due to the short time of recorded data, which was less than 30
years.

Table 31: Meteorological station names, locations, and variables

No | Station Name| Lat Long | Elev(m) Variableg19832019)

PCP| Tmax| Tmin | RH | SR| WS
1 AA 9.02 38.75 2386 | yes | yes | yes | yes|yes| yes

Observatory

2 | Tulu Bollo 8.66 38.21 2190 | yes | yes | yes | no| no| no
3 | A ABole 8.98 38.79 2354 | yes | yes | yes | no | no| no
4 | Asgori 8.79 38.33 2072 yes | yes | yes | no| no| no
5 | Intoto 9.08 38.72 2903 yes | yes | yes | no| no| no
6 | Modjo 8.61 39.11 1771 | yes| yes | yes | no | no| no

Note PCP is Precipitation, Tmin is minimum temperature, Tmax is maximum temperature, RH is relative
humidity, SR is solar radiation, and WS is wimeted.

3.3.2 Hydrological data
3.32.1 Streamflow data

The time series of hydrological data (streamflow) whigsused forSWAT modelcalibration
and validatiorwasobtained fromMinistry of Water and Energy (MoW) of Ethiopiaat hombole
hydrometricstation for the years 1982016

Table3.2: Gauged Hydrological Data

Station Recorded time Latitude(®) Longitude(®)
Hombole 19892016 8.38 38.78
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Figure 35: Long-term mean monthly river dischargeHombolehydrometricstation

3.3.22 Sediment data

There are some sites in the upper AwashBasin that have measured suspended sediment data
with extremely short datd.he suspended sediment dataHombolestationat different timewas

collected from MoWEof Ethiopia. The remaining pameters for sensitivity and calibration
analysis were obtained from the sediment rating curve based on the observed suspended sediment

data.

According to the constructed rating curve equation, stileamand suspendededimentyield

correlation has &2 value of 0.984(Figure 3.6. In this study, the following equation was used:
S,=0.086C* Q (3.2
Sy = 21.025Q"33%° (3.2

Where $is suspended sediment yield (ton/day), C is sediment concentration in mg/l, Q is

streamflow (n/s), and 0.08 is a conversion factor.
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Figure 36: Sediment rating curve for Hombole station
3.3.3 Digital elevation model data

SWAT watershed delineator techniques require Digital Elevation Model (DEM) data to calculate
flow accumulation,stream networks, and watershed delineation. The ASTER Global Digital

Elevation Model with a resolution of 30 x 30m was obtained from tHdoWE.
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Figure 37: Digital Elevation Model (DEM)
3.3.4 Soil data

The soil data wasre of the important data used in the SWAT model for considering the
physiographic condition of the study area. This was done because the watershed has different
landforms that have strong relations with that of soil characteristics. As per the varetyfofins

within the watershed, the soil characteristics are different for most of the mapping units. According
to the FAO/UNESCO soil classification system the study area comptesesmajor soil types,

the soil raster dataeeswas taken from EthiopidloWE.
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Figure 38: Soil map of Upper AwasBubBasin

Table 33: Soil types olUpper AvashSubBasin with their symbols and areal coverage

S/No Soil Name Symbolin SWAT Area (Square | % of Watershed
Model Kilometers) Area
Chromic Luvisols LVx 421 5.63
Eutric Cambisols Cme 316 4.22
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3 Eutric Fluvisols FLe 85 1.14
4 Eutric Vertisols Vre 3624 48.43
5 Ferric Lixisols LXf 7 0.09
6 Haplic Nitisols NTh 755 10.09
7 Humic Nitisols Nyu 1691 22.60
8 Lithic Leptosols Lpq 62 0.83
9 Luvic Phaeozemes PHI 7 0.09
10 | Vertic Cambisols CMv 504 6.74
11 | Waterbody WR 11 0.15

3.3.5 Land use land cover data

Land use and land cover is one of the main factors influenbendpydrological properties of a
watershed. l hydrological models like Arc SWSAT, it is alone of the main input data to

describe and define the Hydrological Response Units (HRUSs) of the watershed
3.3.5.1 Data acquisition and preprocessing

The land use land cover (LULC) data sets for the thigterical periods were derived from multi
temporal series Landsat images. Landsat 5 Thematic MappdiMl.tmages of 1990, Landsat 7
Enhanced Thematic Mapper Plus {ETM+) of 2005, and Lands& Operational Land Imager
and Thermal Infrared Sensor (@LI/TRS) of 2020 at 30 m resolution were obtained from the
United States Geological Survey (USGS) earth explorer welbgite/(earthexplorer.usgs.ggv/

in GeoTIFF file format. The Selection of the Land sat &eimages data was influenced by the
guality of the image especially for those with limited or low cloud cover and also to prevent
seasonal variation of vegetation coverage. Therefore, the images were almostedoand
almost inthe same annual seag@igure 3.9)

Table 34: The acquisition dates, sensor, path/row, resolution, cloud cover and the producers of
the images

No | Year| Satellite | Path/Row| Acquisition Cloud Spatial Producer
Data Date Cover (%) | Resolution
1 1990| L5-TM 168/54 | 1812-1990 0 30m USGS
169/54 | 22-10-1990 0 30m USGS
2 2005| L7-ETM+ | 168/54 | 19-12-2005 0 30m USGS
169/54 | 08-11-2005 0 30m USGS
3 2020 L8-OLI 168/54 | 16-01-2020 0 30m USGS
169/54 | 07-01-2020 0 30m USGS
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Landsatimage TM, 1990 LandsatImage ETM+,2005| | Landsatimage OLI, 2020

Figure 3.9: False color composite image opEipAwash Sutbasin.

Preprocessing satellite imagery before conducting image classificatiochandgedetection is
very vital to minimize instrumental erand to build a more thorouglssociation between the
obtained data and surface features on toergt (Alawamy et al.2020). Before classification,
Layer stacking mosaicking different layers of satellite image into one laygmdiometric
correction like noise reduction, histogram matchpeyjodic noise removal, and distripM data
andMasking thearea of interest with the help of shdpe were done usingRDAS IMAGINE
2015 The preprocessedsatellite images were then classified ERDAS IMAGINE 2015and
Google earth praising supervised classification der the algorithm of Maximum Likelihood
Accordingly, seven categories were identified ldage the nature and similaritf the use and
cover typegTable 3.5)

Table 35: Description of the different LULC classification systems of the Upper AvBash
Basin

Land use lad General description SWAT code
changes types
Agriculture Areas covered with annual crops followed
by harvest and bare soil period AGRL
Forest land Areas composed of forest land and transplanted FRSE
Shrubs land | This category includes low wdg plants, generally less
than three meters in height, usually with multiple ster RNGB
and grow vertically.
Grassland Landscapes that have a ground story in which RNGE
grasses are the dominant vegetation forms
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Bare land Areas with little or no vegetisn cover consisting of BARR
exposed soil and/or bedrock
Urban Where the dominant area covered by building and URBN
houses
Water body Permanent open water, lakes, reservoirs and stream WATR

3.3.5.2 LULC classification and accuracy assessment

The proess of analyzing remote sensing data includes an important step called accuracy
assessment. It establishes the information value of the resulting data for a particular user. The
accuracy evaluation is used to determine the degree of a map's or categwgessl ‘correctness.’

The development of a classification error matrix (also known as a confusion matrix or a
contingency table) is one of the most frequent ways of displaying classification accuracy. Error
matrices compare the relationship between knosference data (ground truth) and the related

results of automated categorization on a catebgrgategory basisThis was dondased on the

ground truth in ERDAS Imagine 2015 af@bogle Earth Pro 7.3.3 softwali@ the LULC maps

of 1990, 2005, and 202The accuracy of classification was measured using measures generated

from the error matrices, such as user, producer, and overall accuracy, as well as the kappa
coefficient] f KO 0.5 shows rare agreement, 0.5 O K
0.75 O K O 1 shows a high level of agreement,
2020).

o — (3.3

Where K is the Kappa coefficieni, is the proportion of correctly predicted cells ands the

expected proportion correction by chance between the observed and predicted map.

3.3.5.3 LULC change detection analysis

Land useand land cover change detection at various geographical and temporal scales rely heavily
on remotely sensed satellite pictureslLC change detection was used to identify, characterize,
and quantify diffeences between imageries of geme stdy area andlifferent periodsThree

time periods for change detemti were used in this study: 1990, 2005, and 20&hgArc GIS

softwareandMicrosoft excelsthe LULC change detection was done utilizing a post classification
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crosstabulation approacfi.he rateof change of each land use dadd cover was calculated using

the following formula.

0OAOAMEAT GAzpnim (3.9

Where, X is the final ageof LC and Y initial area dfC.

3.3.6 GCM/RCM data used

A climate scenario depicts future climate conditions (temperature, precipitation, and other
climatological factors). In comparison to general circulation models (GCMs), regional climate
models (RCM}provide a new possibility for climate change effects study since they have a better
spatial resolution and more accurate results on a regional scale (Turc®2813l. CORDEX-

Africa, a project of the World Climate Research Program (WCRP), allowsdaréation of high
resolution regional climate forecasts over Africa, which may be used to analyze future climate
change consequences at regional and local scales. Climate change scendrias daganewly
released CMIP%Kim et al, 2014) CORDEX-Africa RCM ensemble output for African domain
forecasts under RCPs 4das utilized in this studyCORDEX Africa datasets are available for
free athttps://esgidata.dkrz.de/search/esdjkrz/.

The COREX-Africa program provided climate data that were simulated GOS4EC-EC) and
dynamically downscaled by RCMs, which KNMI Regional Atmogheric Climate Model,
version 22 (RAMO22 T).

Table 36: Description of GCMs ahRCMsConsidered in this Study

GCMs RCMs
Model Full Name Resolution Model Full Name Climate
(km) center
ICHEC-EC | Irish Center for 50 x 50 | RAMO22T | KNMI Regional | EC-EARTH
High-End Atmospheric Consortium

Computing E&rth

Consortium

Climate Model,

version 22
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3.4 Data Management and Analysis
3.4.1 Filling missing data

Having investigated the quality of all recorded climatic data, the first step was filengissing

time series data using different techniqug&sme precipitation stations may have short breaks in

the records because of absence of the observer or because of instrumental failures. It is often
necessary to estimate or fill in this missing recoThe missing precipitation of a statid
estimated from the observations of precipitation at some other stations as close to and as evenly
spaced around the station with the missing record as pogsdolerding toRichard (1998)there

are several nthods for estimating missing rainfall data. These are; station average method, normal
ratio methods, inverse distance weightingtihods, and regression methdtle missed data filling

is based on a percent of missing monthly data during the study times darithis, smple
mathematical equation was applied to quantify the total percentage of missed values from the total
data series as follows.

PT EEOGADA-zp I oR
Where, X is count of missed datX» is whole data set

In rainfall data analysis, the big problem is missing of the observed dailyftiatgap in the data
should be filled beforthe data are subjected to #mealysisin this studythe percent of calculated
missed data for four stations are greater than 10% and the remaining two stations are less than

10%. Therefore, the normal ratio method haen appliedising the following equations.
O -—0 —0 —08 —0 o

Where Py is the precipitation for the station with missed recded, Ps, Pcé . WPare the
corresponding precipitation at the index stations BiadNg, nc and Nc are the longerm mean

monthly precipitation at the index stations andtation x under consideration respectively.

3.4.2 Consistency test

To detect the possible errors checking tlagi@h for data quality using appropriate methods is
crucial. Therefore, checking consistency of individual stations, the data qualities with regard to
possible temporal variations or errors have been investigated by Double Mass Curve. The double
mass analsis is used to detect if data at a site have been subjected to a significant change in
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magnitude due to external factors such as problems with instrumentation, observation practices, or
recording conditionslf significant change in the system of the curgeobserved, it should be

corrected by:

Wherel is Corrected precipitation at station x
0 is Original recorded precipitation at station x
0 is Corrected slope of the double mass curve
0 is Original slope of the double mass curve

In these study, group of six gauging stations was chosen to see if there was any variance in the
catchment's gauging stati®. Using a Microsoft Excel spreadsheet, the cumulative values of the

target stations were displayed against the cumulative average of the surrounding Siaioens.

the graph was found to follow a nearly straight line, the records of these stations$ shdw any
inconsistency, indicating that they were not subjected to any external factors during the study
period. Therefore, Doubl e mass curve for Si X r®ewereesent a
illustrated in the appendix (B1).

3.4.3 Homogeneity test

Homogeneity is an important issue to detect the variability of the RABNBOW software is
designed to study meteorological or hydrologic records by means of a frequency analysis and to
test the homogeneity of the record. Frequency aisatfsrainfall data requires that the data be
homogeneous and independent. The restriction of homogeneity assures that the observations are
from the same population. One of the tests of homogeneity is based on tHatimenaeviations

from the mean.

3E 8E 81 AKE pE o)
Where Xi are the records from the series X1,
and lastvalue S (k=n) areeeq¢!| t o zero. When plotting the Skbo

curve) changes in the mean are easily detected. For a record Xi above normal the Sk increases,
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while for a record below normal Sk decreases. For a homogenous record one may exect that t
Skos fluctuate around zero since there is no
their average value. If the cumulative deviation crosses one of the horizontal lines the homogeneity
of the data set is rejected with respectively 90a9& 99 % probability.

For this study, therobabilities of rejecting theomogeneity of the datasets were evaluated in the

homogeneity statistics meras shown in the appendiB2).

3.5 Trend aralysis and Future ClimateProjection
3.5.1 Trend analysis obbserved precipitation and temperature

To detect and estimate trends, a variety of tests are available. The most widely used mathematical
method for finding patterns in time series is the Mafendall (MK) test. It was widely used to
discover important ptgrns in hydremeteorological time series, and the World Meteorological

Organization strongly recommends it (WMO).

The first step is to determine the difference in sign between successive sample fifidengs.
Sign® & is a function which implig that results in the valug, 0, or +1 based on the sign

@ where j>i. Positive and negative values of S @nés upward and downward tre(idrapela et
al., 2011)respectively Therefore, the MarirKendall S Statistic trend testrf@ time gries is

computed aollows:

Y Q@A oI\

phQ® & ™
YQR'AE © o ®d & T (3.10)
phQ® & ™

WheredSas the rating score (Mankendall sum)3Xdis the observation valuéds the number

of observation values in the time seriegaKd X are the sequential hydraeteorological values
in month and i (j>i) respectively. The value oft§ -, and @ implies increasing, decreasing and

no trend, respectively.
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If ties (equal values) in the X vaa happen, the variance of S is computed by

S OTY €€ p 0QQp cQu o
WOl oP p
Py

Whereas if ties are not occurred, the variance of S can compute by:

e, €€ PG U
WwwlilyY oP C
Py

In the time series data, m is the number of tied groups; srtié number of data points in tffe i

tied group. When n is more than 10, the M#&tendall datistic is used to generate the standard
normal Z test statistics.
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The test statistic Z is used as measure of signifeaftrend. In fact, this test statistic is used to
test the null hypothesis,oHIf |Z| is greater than Za/2, where a represents the chosen significance
level (e.g.: 5% with Z 0.025 = 1.96) then the null hypothesis is invalid implying that the trend is
significant. Software used for performing the statistical M&e nd a | | test I s

XLSTAT 2022.

3.5.2 Future climate change impacbn rainfall and temperatures

The future impacts of rainfall and tesmature were analyzed und®CP4.5 scenarios forghupper
AwashSubbasin. The evaluation was made over 30 years of data ranges: For analysis, the years
20412070 are represented as the midterhe projected chaye under RCP4.5 scenariwas
calculatecagainsbaseline (1972009 period It is expresseds the dference between projected
and hstorical value as expressed in the below equation.

W ® wh 1 QQ

W ® ————————ZPTT T
b on 1aaq P o

Where;
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o

W ® p IS Variable percentage change

W ® is projectedvalue

W®O | Qifbase reference value

3.5.3 Bias correction of future climate data

A statistical strategy for correcting the <cli
known as bias correction. Thi sl imed htoad ada ptf t i
climatic data at an apprAeco adddng etgoearRad®dli® 7@t d a
he RCM's failure to adequately reproduce th
source of wuncert@aimheg. hBefolregicadli bmadeéln wi t h
o validate the output of the RCM using histo
O overestimate or wunderestimate the Trheare of
are aslevieiras correction techniques, but the De
frequently used for RCMs scenarios of future
because it is straigh&éadbrwar dnd)ithieg f o jmud tats a
f

arai nfall andcdrermpetriadnuraer é i Blsd nAd.alt 65k sipre cEg wee
. 5 0 N
U U o® L
U
oV oYY o

Whermwed s PBi as corrected fudiwrepdirat eed afl it ame uma i
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3.6 Hydrologic Model Setup and Simulation
3.6.1 SWAT model setup

The Soil and Water Assessment Tool (SWAT) model was developed by the US Department of
Agriculture Research Service (USEXRS). It is a physicabased, semdlistributed, continuous

time, and river bas or watershed scale model that operates on a daily time step and employs a
command structure to route runoff and chemicals across the watershed. SWAT uses hydrological
response units (HRUSs) to express spatial variability in terms of land use, soil dgdeslope

within a watershed as a physitssed modelThis model determines surface runoff using two
methods; the Soil Conservation Service (SCS) curve number method or Green anAaapt

and Ampt,1911) which gives the Green and Ampt infiltration methOah. a daily time, step for
watershed hydrological modeling with SWAT necessitates the use of spatially explicit datasets
such as land use/land cover, soil data, climate, and hydrologicalTdeeSWATsystem is built

on top of ArcGIS and incorporates a wide range of spatial environmental data, such as soil, land

cover, slope, clima, and topographical featu@snold and Fohrer2005)

3.6.1.1 Watershed delineation

The first step in creating SWAT model input is delineation of the watershed from a DEM. Inputs
enterel into the SWAT modedreorganized to have spatial characteristics. Before going in hand
with spatial input data i.e. the soil map, LULC map and the DdEdprojected into the same
projection called UTM Zone 37N, which is a projectipgrametefor Ethioga. A watersheds
partitioned into a number of sdiasins, for modelling purposes. The watershed delineation
process includes five major steps, DEM setup, stream definition, outlet and inlet definition,
watershed outlets selection and definition and d¢aficun of subbasin parameters. For the stream
definition the threshold based stream definition option was used to define the minimum size of the

sub-basins.
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Figure 310: Subbasins of the study area

A

3.6.1.2 Hydrologic response unitodos determinat

In SWAT, HRUs are defined as being unique occurrences of soil type, land cover, and slope class.
Any parcels of land within one sub basin that share the same combination of these three features
will be considered one HRU. All processes modeled by SWAT arefdoeach unique HRU in

the watershed, independent of position within each sub basin. Multiple HRU slope discretization
wasselected for simplicity & saving time during parameterization of the HRhultiple HRU
definition, a threshold level was used tiongnate minor land uses, soils or slope clas$ée land

use, soil, and slope class thresholds were $¥ta20%, and X, respectively, for the multiple

HRU option that was chosen for my studjiese numbers represent the proportions of the land
use,soil, or slope class that the shasin falls into. Since this region is deemed minor, it is not
included in the analysis. After obtaining an HRU definition report, it was discovered that there

were B3HRUs in the eea, which was separated into 2ibbasns.
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Figure 311 HRU map
3.6.1.3 Weather data

The WXGEN (SWAT software specification file coding scheme for weathering Generator file)
weather Generator model included in SWAT was used to fill in gaps in measured réterds.
WGEN weather generator wasovided with all the necespastatistical information fronthe
meteorological records dfi¢watershedThe meteorological information that was available in the
watershed of the study region was used to construct these statistical values. Depending on th
availability of the data in the stations, the number of years used to calculate the statistical values.
Other meteorological data, such as daily precipitation, daily maximum and minimum air
temperatures, daily relative humidity, daily solar radiationl, @aily wind speed, were prepared
using the SWAT format and then integrated into the model using the weather data input wizard.

They also included the corresponding location table.

3.6.2 Hydrological component of SWAT

SWAT divides a watershed's hydrolodicamulations into two parts: the land phase and the
routing phase. The amount of water, sediment, nutrient, and pesticide loadings to the main channel

in each sulbasin is controlled by the land phase of the hydrological cycle. During the routing

37



phase, water, sediment, and agricultural chemicals are transported via the channel network to the

watershed outlet.

3.6.2.1Land phase of the hydrologic cycle

SWAT simulates the hydrological cycle based on the water balance in the land phase of the

hydrological cygle.
37 37 2 1 % 5 1 oP X

Where;
SW; final soil water content (mm)
SWo initial soil water content on the day i (mm)
t time (days)
Riay amount of pecipitation on the day i (mm)
Qsurf  amount of surface runoff on the day i (mm)
Ea amount of water evapotranspiration on the day i (mm)
Wseep @amount of water entering the vadose zone from the soil profile on the day i(mm)

0-ao amount of waer return flow on the day i (mm)

A. Surface runoff
The percentage of rainwater that is not lost to interception, infiltration, or evapotranspiration is
referred to as surface runo$urface runoff occurs whenever the rate of precipitation exceeds the
rate of infiltration. SWAT offers two methods for estimating the surface runoff, the Soil
Conservation Service (SCS) curve number method or the Green and Ampt infiltration
methodGreen and Ampt 1911)in the Soi Conservation Service (SCS) curve number method
often called the Curvdlumber (CN) method, land use and soil characteristics are lumped into a
single parameteBecause subaily rainfall data for the Green and Ampt infiltration methods was
not availablen the research area, the modified Soil Conservation Service curve number equation
(USDA, 1972) was utilized to estimate the catchment's surface runoff. The SCS curve number
method is a simple, commonly used, and effective method for estimating the yqoantihoff

following a rainfall event in a variety of land uses and soil types.

The SCS curve number equation is (SCS, 1972):
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(3.19

Where;
Qsut  accumulated runoff (mm water)
Ruay Dally rainfall (mm water)
la Initial abstraction (mm)
S Retentionparameter (mm water),

Where CN is the moisture condition curve number, the retention parameter (S) is defihed by

following equation
Y ¢c&@ — pTm (3.19

Where, CN = daily curve number. The CN is a function of hydrologic soil group, land use, land

management, and antecedent soil moisture conditions.

B. Peak runoff rate

The maximum runoff flow rate that occurstlia specific rainfall event is known as the peak
runoff rate. The peak runoff rate is a measure of a storm's erosive intensity and is used to forecast

sediment loss. SWAT uses a modified rational method to compute the peak runoff rate.
NDAAE%L (3.20

where gpeak is the peak runoff rate®(s), C is the runoff coefficient, i is the rainfall intensity

(mm/hr), Areas the sulbasin area(km?) and 3.6 is a unit conversion factor.

C. Potential Evapotranspiration

Potential evapotranspiration (PET) was a concept originally introduced by Thornthwaite (1948) as
part of a climate classification scheme. He defiREd is the rate of evapotranspiration that would
occur if a wide area was uniformly covered with growing plants, had an infinite supply of soll

water, and was not subjected to advection or heat storage effects.
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Numerous methods have been developed to estimate Bitde of these methods have been
incorporated into SWAT: the Penmdonteith methodMonteith 1965; Allen 1986; Allen et al.
1989) the PriestleyTaylor method(Priestley and Taylor 1972and the Hegreaves method
(Hargreaves et al., 1985). The model will also read in daily PET values if the user prefers to apply

a different potential evapotranspiration method

The three PET methods included in SWAT vary in the amount of required inputs. The Penman
Monteith method requires solar radiation, air temperature, relative humidity and wind speed. The
PriestleyTaylor method requires solaadiation, air temperature and relative humidity. The
Hargreaves method requires air temperature. @dpending upon thavailability of input datal,

have selected the penman monteith method

i. Penman-monteith method
The PenmaiMonteith equation includes terms for the energy required to maintain evaporation,
the strength of the mechanism required to remove the water,\@apEbaerodynamic and surface
resistance. Td following PenmaiMonteith formula is used to calculate the evapotranspiration.
Because Penmavionteith considers varies input data, to prove high quality results.

y8 8 ¥
| % 5 o8 p

Where;

& Hs the latent heat flux density (MJ-thd-1), E isthe depth evaporation rate [mm/day]
"O¢ (snet radiation at the crop surface [MIm/d&y]s soil heat flux density to the ground
[MJ/m2 day] e is the slope of the saturated vapor pressure clinv@Jkpa/ ], gis
Psychrometric constant [kpa] 7 o ®ithe air density (kg/m3C;j is the specific heat at
constant pr e,Qisthe satUrded hdpay pres3ure of air at height z [kpa]
Q ¢s the water vapor pressure of air at heigh z [Kipais the plant canopy resistang#m)

i ds the diffusion resistance of the air layer (aerodynamic resistance) (s/m).

3.6.2.2 Routing phase

The routing phase is the second division of hydrological cycle which can be defined as the

movement of water, sediments, etc through the chametefork of the watershed to the outlet.
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Water is routed through the channel network using the variable storage routing method or the
Muskingum river routing method. The variable storage routing method was developed by
(Williams, 1969) based on the pripte continuity equation in routing the storage volume and used

in the HYMO (Williams and Hann, 1973) and ROTO (Arnold et al, 1995) models. For a given
segment, storage routing is based on the continuity equation. Therefore, this routing method was

adoptedn this study and it is expressed as:

&/ storedVin-Vout (3.22)

Where: \nis the volume of inflow during the time step (m3 wates), 6 the volume of outflow
during the ti me suaglpthe(chaBge ingotume of storagerdaringdiié time

step (m3 water).

3.6.2.3 Soil erosion and simulation

Algorithms to simulate watershed erosion are also included in the SWAT veatersitel. Each
Hydrologic Response Unit (HRU) has an estimated amount of erosion brought on by rainfall and
runoff. use the MUSLE, or Modified Universal Soil Loss Equatdflliams andJR, 199). The
surface runoff volume, peak runoff rate, HRU area, USaiEerodibility factor, USLE cover and
management factor, USLE support practice factor, USLE topographic factor, and a coarse
fragment factor are used by MUSLE to estimate sediment yield. The modified universal soil loss
equation (MUSLE) (Williams, 19953%:

3AAp@z 1 z1 z! @ @+ z¢g  zQ0 2,3 z#&2' (3.23)

Where: Sed is the sediment yield on a given day in metric tons, Qsurf is the surface runoff from
the watershed imm), Qpeakis the peak runoff rate icubic meter per secondnw is the areaf

HRU, KusLe is the USLE soil erodability facto€usLe is the USLE land cover andanagement

factor,PusLe is the USLE support practice facto&s.ds the USLE topographiactor, and CFRG

is the coarse fragmefactor.

3.7 Sensitivity Analysis, Calibration, and Validation

The model was then run after it had been set up, however the results of the simulation cannot

immediately be applied to further investigation. Instead, sensitivity analysis, model calibration
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and model validation should be used to assess the model's capacity to adequately predict the

constituent stream flow and sediment yialdhjte and Chaubey, 2005).

3.7.1 Sensitivity analysis

Sensitivity analysis is a technique of identifying the resp@msgs of different parameter
involving in the simulation of a hydrological procebfodel sensitivity is defined as the change

in model output per change in parameter input. Sensitivity analysis describes how model output
varies over a range of a given utvariable(Arnold et al., 2012).

In general, an important aim of the parameter sensitivity analysis is to allow the possible reduction
in the number of parameters that must be estimated, thereby reducing the computational time
required for model calibten.

3.7.2 Model calibration and validation
3.7.2.1 Model alibration

Model calibration is the processes of estimating model parameters by comparing model prediction
(output) for a given set of assumed conditions with observed data for the same cendhm®n
calibration of the model has been done based on the assumption of there is a linear relation between
the observed and the simulated one. That mean all of the error variance is contained in the
simulated values and the measured data are free of Butoin reality the measured data are not

free of error(Moriasi et al, 2007)The goal of calibration is to find those set of parameter values

for the model that gives a simulated hydrological series adequately matches with the observed
series.Therefore for this studythe calibrationwascarried out at monthly time steps using flow

and sediment data series

3.7.2.2 Model validation

Validation is comparison of the model outputs with an independent dataset without further
adjustments of the values ofettparametergNeitsch, 2002 In order to utilize any predictive
watershed model for estimating the effectiveness of future potential management practices the
model must be first calibrated to measured data and should then be tested (without further
paraméer adjustment) against an independent set of measured data. This testing of a model on an

independent data set is commonly referred to as model validation.
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GenerallyCalibration and validation of the SWAT hydrological model were undertaken using the
sequential uncertainty fitting ve2 (SUFF2) algorithm in SWAT CURAbbaspour et al., 20)2

In SUFL2, all sources of uncertainties, such as uncertainty in driving variables, conceptual model,
parameters, and measured data, are mapped to a set of paramgésrTihe uncertainty is
guantified at the 2.5% and 97.5% levels of the cumulative distribution of an output variable
obtained through Latin hypercube sampling, and it is referred to as the 95% prediction uncertainty
(95PPU)(Abbaspoutet al.,2015).

3.7.3 Model performance evaluation

There are different types of statistical method of model performance evaluation techniques.
Among this the, most commonly used for this study aomefficient of determinatiofR?) and
Nashsutcliffe efficiency (NSE), peent bias (PBIAS) and root mean square error standard
deviation ratio (RSR) are the most widely used to evaluate the parice of the hydrological

model using the following equations.

Coefficient of determination (R?): the values show the strength of #sociation between
the observed and simulated value. THev&ies from O to 1, the higher the values, the less
error variance (Moriasi et al., 2007). TR&> 0.5 is acceptable (Santhi et al., 2001).
B /E/A®MDEO0AOD
B / E/AOB OEOAO

o] T

NashSutcliffe Efficiency (NSE): it shows how well the plot of measured data versu
simulated data closes the 1:1lieSE r anges between TBb and 1.
1 being the optimal value. Values between 0.0 and 1.0 are generally viewed as acceptable

levels of performandeMoriasi et al., 2007)

B /E/AO B O0EO0AO

0,
- 3% B /E/AO

o8] v

Percent bias (PBIAS):The average tendency of the simulated data to be larger or smaller than
their observed counterparts is measured by percent bias (PBIAS). optimal value of PBIAS is
0.0, with lowrmagnitude values indicating accurate model simulation. Positive values indicate

model underestimation bias, and negative values indicate model overestibhiaso
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RMSE-observations standard deviation ratio (RSR)RMSE is one of the commonly used
error index statigcs. it is commonly accepted that the lower the RMSE the better the model
performanceRSR is calculated as the ratio of the RMSE and standard deviation of measured
data

MB / EOE
mB / E/ AO

2-3%

23234$%6

o8 X
Where; Oiis observedlischargePi is predicteddischargeQavis averageobservedlischarge,
Pavis averageredicteddischarge

Table 37: General performance ratings for recommendedssitat for a monthly time step

(Moriasi et al., 2007)

Performance R? RSR NSE PBIAS (%)
Rating Streanflow Sediment
Verygood |0.7<RQL | 0 O 0. 75<NY PBIAS<+10 | PBIAS<%15
O 0.
Good 0.6<RM.7[0. 50 |0. 6 5<NS N10O N150
00 . § PBIAS<#15 | PBIAS<#30
Satisfactory | 0.5<R@.6| 0.6 [0. 5<NS N150 N30O
RSP PBIAS<+25 | PBIAS<#55
0.7
Unsatisfactory] R?<0.5 RSP > NSE O | PBL ASONPBI AS(
0.7

3.8 Analysis of Streamflow and Sediment Yield Resporsainder Changing Gimate and

LULC

To analyses the outcome of change in LULC and climate upon the streamflow and sediments,
Climatic datasets for the period of 192919 were brokemtio three periods, i.e., 198999,
20002010 and 201-2019 and LULC maps for the year of 1990, 2005 and 2020 were used in this
study. Four scenarios were created using these datasets and are displayed in Table 3.8. The first
period with 1990LULC and clinta of (19891999) was regarded as the baseline period and the
other periods were regarded as altered pefiddane et al., 2019)
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Table 38: Different scenario for assessing hydrological impacts of land use and climatic during
19892019

Scenario Considered Land Use Timeline of considered climatic
conditions (Temp., Rainfall.)

S1 Baseline scenario 1990 1989 1999

S2 Climate change scenario 1990 2011 2019

S3 LUCC scenario 2020 1989 1999

S4 Combined scenario 2020 20117 2019

3.8.1 Analysis of seamflow responses under changinglienate and LULC

A fixing-changing method was used to assess tfeetedf LULC and climate changen the
hydrological proces@Noldesenbet et al., 2017; Yang et al., 2017; Yin et al., RUhe difference
between hydrological variables (streamflow) Baselineand Altered scenariosvould give the

isolated and combined impact of climate and LULC change. The difference between streamflow
obtained from scenario S2 and S1 would give the isolatedct ofclimate during 1982019

The 2020 LULC and 1982999 climate were utilized in scenario S3, and the difference between
the streamflow derived under S3 and S1 would indicate the impact of climate dhlmgge data

from 2011 to 2019 and the LULGf 2020 were used in scenario.S%e combined impact of

LULC and climate change between 1989 and 2019 would be represented by the difference between

streamflow calculated from S4 and S1.

The percentage change in streamflow is given by the followingiegsaat

A% Y:.‘ Y)Zp T o8 |
v
o R ¢
YYY = Zp MM o8 W
v
Y'Y —— ZpTTT o T
p p

Where YSR ischange instreamflow and S is Scenario.

3.8.2 Analysis ofsediment yield responses under changindimate and LULC

Similarly, afixing-changing methodvas applied foanalysis of sediment yield Respons@sler
changing climate and LULO he percentage change in Sediment Load is given by the following

equations
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WhereasSED ischange irSediment load (Tongnd S is Scenario.

3.9 Identification of Critical Sub-Watersheds

OnceSWAT modelwas calibrated and validatedwas run for a period 3@ears (1989 to 2039
thenthe overall simulated output can be used for furdinersediment source areas widentified
Based on the spatial variability sedimentation rate thgotential area of intervention can be
identified. SWAT calculates the soil erosion and sediment yétlin each hydrological response
units( HRUbGs) wi t hi nThesaeempe asnuabyielof seslimentation for each sub
basin was used to generate seelit source map. From the modehulation output, sediment
source areas were identified in thpper AwasisSubBasin. This helps to prioterizand formulate
development andonservation plans in order to use available econossimurce optimally. Since
theerosion process occurred in the watershed is believesl tttelmajor source of sedimédoad,

it is important to give due attention for appropriatgtershedmanagement practices least for

those places which are major causehigher sedimenyield.

In this study,high sediment source sub bastaesreduce sediment yield were idiéied and
prioritized based omnnual sediment yield simuét using current 202DULC in the SWAT

model from thesubwatershed

3.10DevelopingBestManagement Practices

To reduce soil erosion and sediment transport, the implementation of best management practices
(BMPs) in watersheds has been recognized as an effective method (Betrie et al., 2010). According
to spatial variability of sediment yield, the souteeel identified by SWAT model was applied to
simulate the effectiveness of BMPs to reduce sediment yibklbest management practiees
represented in the SWAT model by modifying SWAT parameters to reflect the effects of practices

on the process simulated within the SWAT model (Waidler et al., 2011). However, the selection
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of these best management practaed the values of their parameters aresutecific and should

reflect the reality of the study area (Nadew et al., 2019).

In this study,there will bethree different management scenarios (filter strips, terracing, and
reforestation)can be selectednd implemented in the SWAT model based on the Ministry of
Agriculture and Rural Development guideline (Best al., 2005)The effectiveness of these
BMPs scenarios was quantified by comparing each one with the baseline scenario to obtain a

percent of theeduction.This effectiveneswiill be computed using Equatidrelow.

WEEAAOPBPOAFASO—zp im o U

Where9 and9 are the average annual sediment yields in the baseline scenario

and BMP scenario respectively

Threedistinct scenarios were created for this study and compared based on how well they would
conserve soil or reduce silt. The three situations Wamllel Terracng, Filter Strip(5m), and
ReforestationComparisons of the efficacy of the suggested sedimegtuction scenarios were

made using the baseline scenario as a point of comparison.

3.10.1 Baseline scenario

In the baseline scenario, the existing watershed condition was considered. The baseline scenario
corresponds to the current land managementipeagithout conservation measures. The baseline
scenario was obtained by running the SWAT model using@2eLULC.

3.10.2 Filter strip

Between cropland, grazing land, forest land, or other disturbed land and surface water bodies are
vegetated areas tadl "filter strips.” Filter strips are also known as buffer filters or vegetative
filters. To get rid of bigger soil particles, they are typically installed where runoff water exits a
field. Larger particles, such as soil erosion, may settle out whenf uatdr leaves a field later

than expected. In this case, agricultural fields in eaghské&basin were give® m wide filter
strips.Through the FILTREW parameter specified in MGT (.mgt) of the SWAT input table, which
indicates the width of the strip, SAV offers a specific technique to incorporate filter stripise

model can simul ate the wi dtdonlocklrekearthtexperiensesr i p s

47



in Ethiopian watershed&€sashaw et al., 2021Equation 3.8 is used by the SWAT model to

determine sediment trapping effectivenddsit{sch et al., 2012).

traps - 0.367+FILTREW 2% (3.36)

Where trapx is trapping efficiency and FILTERW is the width of the vegetation strips.

3.10.3 Parallel terrace

In order to lessen erosion by shortening the slope and retaining runoff for moisture conservation,
terraces are an earthen embankment or combination of ridge and channel built across the field
slope.Terracing a field reduces peak flow rate by reducing theeslceduces sheet and gully
erosion by increasing the quantity of sediment settling in the runoff, and reduces surface runoff by
trapping water in shallow depressiofi®rracing was simulated in this study by turning on the
terracing option in the SWAT'danned management operations tooidf). The USLE support
practice factor (USLE P) and average slope length are the model parameters that are suitable for
representing the effect of parallel terraces (SLSUBBSMg values ofSLSUBBSN for the
average slop of the HRU were set bad on Equation 3.23\(abi et al., 200bwhereas USLE_P

were assigned fromtheNPA T us er 6 s ma nforderracedeanditions (Neitdch at al.,
2012).

3,35"" 3@ F3 T — o X

Where SLSUBBSN is the average slope length of thebsisin and S is the average slope of the
HRU.

3.10.4 Reforestabn

Reforestation calls for returning the area to its previous state of natural vegetation. Reforestation
of agricultural land that is prone to large sediment yields, barenasall taken into consideration

in this study and compared to ther@mentimed two possibilitiesThese were carried out by
turning on the SWAT model's Land Use UpdateUP) tool, which enables the addition of new

land use updates and the deletion of current ones.
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3.11. Conceptual Framework on General Methodology of the Study

In this work, BMPs were created and hydrological model SWAT was utilized to investigate
hydrologicalimpacts ofClimateand LULC changeFigure 3.12utlines the techniques' sequential
processes together with the data the SWAT model needs in order to ashdah®pstudy's goals.

The general process of the studgl®wn in thdollowing framework.
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4. RESULTS AND DISCUSSIONS

4.1 Trend Analysis and FutureClimate Projections
4.1.1 Trend analysis of observed precipitation and temperature

The upper Awash basin's lotgrm trend of observed rainfall was analyzed in terms of annual
time series using a nguatametric Kendall trend test with a significance level of SPhe
significance test in thistudy used normalized-Values.When the Pvalue is smaller than the
significance level at alpha 0.05, the null hypothesis is rejected, and the alternative hypothesis
should be accepted, and vice veidaefigure belowand in the appendighowsupward trend for

Mojo, Intoto, and Tulu Bolorainfall station while downwardrend for A.A.Bole and Asgori
stations.The annual rate afhange in rainfall is more at Mogiaton (+11.791)while decreasing

atA.A Bole station(-15.945 as shownn Figure 4.1 The study conducted Byadese et al. (2019)

on HydreClimatic Variability (Characterization and Trend Study) of the Awash River Basin
conclude that the MK test showed tthraost of the significant trends in annual rainfall were

decreasingThe annual rainfall trend for remaining stationsevdlustrated in the appendix B3

Modjo A.A Bole
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Figure 41: Observed longerm annual of rainfall trend distributidrom 19892019
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Table 41: MannKendal trend test and statistical summary of Rainfall of all stations in upper
AwashSubbasin (19892019)

Stations Name S Kendal I @pvalue Sends sl
A.A Obsrv -16 -0.039 0.778 -2.323

T.Bolo 23 0.053 0.695 2.681

A.A Bole -154 -0.354 0.006 -15.945

Asgori -119 -0.274 0.035 -8.175

Intoto 37 0.085 0.521 2.773

Modjo 135 0.310 0.017 11.791

Most studies showed that temperature is expected to rise worldwide and the/assalko found
relatively similar for this study as shownApperdix. As summarized in Table 4(2) and (B)

for each sition both maximum and minimutemperature respectively indicates warming trend.
On average, maximum and minimut@mperature in thetisdy area increased by 0.06°C and
0.02°C per annual, respectivel@imilarly, increasing trends for maximum temperature was
observed at Intoto statiof:or minimum temperatureA.A Bole and Asgori station indicates
increasing trend whil&ojo presents ingnificant dereasing trend.

Table 42: MannKendal trend test and statistical suary of annual maximum (A) and
minimum (B) temperature aix stations in [gperAwash Subbasin (19892019

(A). Maximumtemperature (°C)

Staton S Kendal |l P-value Sen s
A.A Obsrv 189 0.434 0.001 0.033
T.Bolo 91 0.209 0.108 0.056
A.A Bole 187 0.430 0.001 0.137
Asgori 157 0.361 0.005 0.063
Intoto 19 0.044 0.748 0.008
Modjo 199 0.457 0.0001 0.062
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(B). Minimum temperature (°C)

Staton S Kendal | P-value Sen s
A.A Obsrv 149 0.343 0.008 0.031
T.Bolo 31 0.071 0.592 0.008
A.A Bole 145 0.333 0.01 0.066
Asgori 157 0.361 0.005 0.058
Intoto 157 0.361 0.005 0.024
Modjo -117 -0.269 0.038 -0.033

4.1.2 Future climateprojection (2041-2070)

The future climate data was projected using the seletitedte model under RCP4ggenarios.
This future climate data includgsecipitation and, maximum andinimum temperaturd he
downscaled values of precipitation for the base period werage® into a monthly time step to
compare with the observed vahj which are shown in fige 4.2
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Figure 42: Futurebias corrected and observdinfall
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(A). Projected change of rainfall

The properties of precipitatiat the basin can be assessed using projected changes in precipitation
data. The average mean monthly rainfall result shows that in the future monthly rainfall decreases
in all months during (2042070) compared to the obsed rain fall. Except, JuJyAugust,
September, October, November and December in which increasing mean monthly rainfall is
observed under RCP 4.5 scenario.

Figure 4.3hows the percentage change in precipitation between the refpeginck(19892019)

and projected periods df2041 2070). The projected chayje shows an increasing pattern
principally from AugustDecemberDecember will be the highest 11% increasing change. and
Decreasing pattern from Janualyly. Similarly, Kiya (2018) reported théhe mean areal annual
rainfall over uper Awash sulbasindecr ease by 1.11 % and 8. 15
respectivelyunder RCP 4.5scenarios Al so decreasing future annual
and 20500s i n IRAGRI3 D ark 2558 & respectivels
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Figure 43: Change in monthly rain fall over the period (262170)
(B). Projected Maximum Temperature

The majority of research indicate that global temperatures are expected to rise, and this study's

findings were pretty similarFigure 4.4presens the average monthly maximutemperature
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change for RCP4.6ver the period of 2042070.The maximum temperature scenario generation
showed an increase in mean maximtemperature in all the monthRCP4.5 scenario sggsts
increase of temperaturg B.7.%. Also the&ehange in meamonthly maximumemperature ranges
between 0.2C in Juneand 2.3°C in April for RCP4.5 scenarios in 20£2D70. The result is
consistent withthe study found by Abdulahi et aRq21) on the response of climate change
impacts on streamflow in the Upper Awash Basin and reportedtlieatnaximum temperature
change could be +6.3% under RCP4.5 and +7.6% under RCP8.5 for the period-202041
Generally, IPCC Racheri et al.,2004 i ndi cated that, Afuavdrage hi gh
temperature will rise more than 2°C, the threshold set in current international agreement, over most

of the continentbythe mid 1 st cent ur yo. Average temperatur
most areas by the | at tenmp&dtusetin thisetady famidtedmundérh e pr o
bothRCP4S5 cenari o |l ies within the range of temper

climate trends (Pacheri et al., 2014).
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Figure 44: Monthly maximum temperature changes over the period (20Z0)
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(C). Projected Minimum Temperature

Figure 4.5 Average monthly percentage change of minimum temperature under RCP 4.5
scenarios. As can be seen the minimum temperature under RCP 4.5 is expected to increase. As

55



shown belowthe change in mean monthly minimum temperatucesismsesn range between 0.95
°Cin April and 1.98Cin Septembefor RCP4.5 scenarios in 20£D7Q On average the projected
minimum temperatte is expected to increase by.3% under RCP 4.3oreover, the increment
of minimum temperature is relatively high coanpd to the maximunThe predicted temperature

is within the predicted range of average temperature increases from 1.4% to 20% at theeend of th
21st centuryyfPCC (2007).
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Figure 45: Monthly minimum temperature changes oves period (2042070)
4.2 Land Use Land Cover Change
4.2.1 Land use land cover classification accuracy assessment

An important step in the analysis of remote sensing data is accuracy assessment. It establishes the
information value, or the worth of the tdng data to a specific user. A map's or categorized
image's level of "correctness" is assessed using the accuracy criteria. Numbers are used in the
confusion matrix/error matrix as the sample sixecordingly, the overall accuracy of classified

maps 0f1990, 2005, and 20 were 932%, 90.1%, and 89%. Additionally, the calculated kappa
coefficient br the maps 1990, 2005, and 2020 were 0.92, 0.88, andréspéctively which
indicated a high level of agreement because the values were greater tham® d&er, producer,

overall accuracy assessmarid kappa coefficient fohe 2020 LULC classification apFesented
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in Table 4.3 The rest of the accuracy assments for 1990 and 2005 LULdlassificationsare

illustrated in Appendix A.2

Table 43: 2020Land use land cover classification accuracy assessment

Classification AGRL FRSERNGE RNGB URBN BAR WATR Total User Accuracy %
AGRL 43 0 2 3 2 1 0 51 84.3
FRSE 0 27 2 3 0 1 0 33 81.8
RNGE 1 0 25 2 1 0 0 29 86.2
RNGB 0 1 0 32 0 0 0 33 96.9
URBN 0 0 2 0 30 0O O 32 93.7
BARR 0 0 0 1 1 22 0 24 91.6
WATR 0O O 0 0 0 0 18 18 100
Total 44 28 31 41 34 24 18 220

Producer

Accuracy (%) 97.7 96.4 80.6 78.1 88.2 91.6 100

Overall Classification Accuracy = 89.5%

Overall Kappa Statistics =0.87

4.2.2 Land use land cover classification

Using supervised image classification techniquabkénUpper Awash Basiseven main land use
types have beedentified such aégriculture BarelandForest,GrasslandShrubland, Wban and
Water odies. The 1990, 2005 and 2020d use map generated from LanesdtiM, Landsat7-
ETM+ and Landsa8- OLI image classification respectivelyas shown in Figure.@ below.
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Figure 46: Land cover map of Uppé&wash basin in the year a) 1990, b) 2005 arizD@0
4.2.3 Land use land cover change detection

Table 44: Land use land cover change detection

LULC 1990 2005 2020 LULC change

1990-2005 | 2005-2020 | 1990-1990

Area | Area | Area | Area | Area | Area | Area| Area | Area | Area | Area| Area
Km? % Km? % Km? % Km? % Km? % Km? %

Agriculture | 4812 | 64.2 | 5771| 76.9 | 6150 | 82 959 12.7 379 | 5.06 | 1338| 17.84

Bareland 30 0.4 43 0.57 50 0.66 13 0.17 7 0.09 20 0.26

Forest 438 584 | 279 | 3.72 | 205 | 2.74 | -158 | -2.12 | -73.6| -0.9 | -232| -3.1

Grassland | 812. | 10.8 | 319 | 4.23 80 1.06 | -493 -6.6 -239 | -3.2 | -732 | -9.77
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Shrubland | 1312 | 17.5 | 919 12.2 | 664. | 8.86 | -393 | -5.24 | -255| -3.4 | -648 | -8.64
4

Urban 70 0.93 148 1.97 | 339 | 4.52 78 1.04 191 2.55 | 269 3.59

Waterbody | 25 0.33 18 0.24 11 0.14 -7 -0.09 -7 -0.1 -14 | -0.19

Total 7500 | 100 | 7500| 100 | 7500| 100

Note: Negative and positive signs indicate the decrease and increase of LULC class, respectively.

Therefoe,from theresult showrnn thetable 4.4 Agricultural land was the most common bype,
followed by shrubland and forest regions, accordingeéd_C change analysis from 19@02020.
From64.16% in 1990 to82%in 2020, the total area of agricultural land has increasedntrary,
shrubland was shrunk from 1%6in 1990to 8.86% in 2020. Asa result, the urban area in the
entire basi grew from0.93% in 1990 to4.52% in 202Q and it is predicted to continue to rise

due to the region's higher population growth rate and socioeconomic development.

According to tle study by Shawul &l. (2019) reported thahe land use change from 1974 to
2014 revealed that the major LULC classes were cropland, shrub land andresssiThere were

a continuousncrement of cropland and urban area in the Upper Awasm.Bake cropland
expanded tm 49.0% to 72.1% from 1974 to 2014 and the urban area esoaledi® expected
particularly in Akaki sub basin due to the expansion of Addis Ababa and surrgunoiwns
because of the highpopulation growth and the rapid socio economic development. $kaaiu
(2019) found that theirban area was increased bY@&2%. The forest and shrub landreve
decreased from 7.1% in 1974 5.35% in 2014 and from 19.6% in 1974 to 2.5% in 2014,
respectively.Similarly, Kassa(2009) discovered that a huge tract ofeki, shrubland, and
grassland was converted to agricultural and urban aitetare watershedvoreover, bare land

increasedy 0.26% which indicates thdegradation of the watershed.

In this study {990 t02020 the forest andgrass landchave decreasedy 3.1 % and 9.77 %
respectively.The increments of agriculture aseéttlement have a negative impact on thredt
shrubland, and grasslandGenerally, significantly ircreasing rates were observed in
urban/settlementand agriculture and a decreasinteravere observed iforest, grassland, and
shrublandigure 4.7 and 4.8
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Figure 47: LULC changes for the years 1990, 2005, and 2020

Rate of change (%)

151

10

-10

L L

B |and cover change (1990-2005)
W Land cover change (2005-2020)
B Land cover change (1990-2020)

Agriculture {

Bareland -

Forest

Urban -

Grassland
Shrubland
Waterbody

Land cover class

60




Figure 48: Comparison of Rate of Land Cover change
4.3 Streanflow Modelling
4.3.1Streamflow sensitivity analysis

SWAT's sensitivity study for flow calibration involved abd@O iterations, andL1 parameters
were identified as sensitive to varying degrees for flbwe Elevenmost sensitive hydrologic flow
paramegrs during calibration and validation in the watexblare given below in Figure 4.9

P-Value t-Stat
0 0.10.20.30.40.50.60.70.8091 65 -6 55 -5 45 -4 -35 -3 2§ -2 -1§ -1 05 0 05 1 1.5
7Y_CH K2 rte o+ | ottt ——
11:R_50L K(..).sol E
3:V__GW_DELAY.gw - ‘} K|
S:¥_ESCO.hru i 4 E |
10:R_SOL_AWC(..).s0l 1| 7 E |
9:R_OV_N.hru {E i |
6:V_REVAPMN.gw i E
8:R__SLSUBBSN.hry - L =
4iV_GWQMN.gw - 1“ 1 B |
2:¥_ALPHA_BF.qw 3‘} | |
1:R_CN2.mgt -l =
Figure 49: Streamflow sensitive parameters
Table 45: Streamflow parameters sensitivity rank
Parameter Name Paameter Range Fitted Value Rank
R CN2.mgt -0.250.25 11.84% 1
V__ ALPHA BF.gw 0-1 0.2 2
V_ GWQMN.gw 0-5000 226.23 3
R__ SLSUBBSN.hru 10-150 76.3 4
V_ REVAPMN.gw 0-1000 282.3 5
ROV _N.hru 0.02-1 -0.082 6
R SOL AWC(..).so 0-1 0.73 7
V__ESCO.hru 0-1 0.52 8
V__ GW_DELAY.gw 0-500 268.45 9
R SOL K(..).sol 0-2000 -0.183 10
V__CH_K2.rte -0.01-:500 136.1 11
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4 .3.2 Streamflow calibration and Validation
4.3.2.1Flow Calibration

Following the sensitivity analysis, the Upper Awash Basin flow calibrationhi®model was
carried outln the SWAT model, the simulated streamflow at the watershed outflow was calibrated
using the SWATCUP (SUFI2algorithm) Land use 20052RENS, and PBAIS were used to assess
the model's performance based on the execution &Utéd-2 optimization function for the given
observed datduringthe calibration period from 2002006 the simulated average monthly flow
matched well with the average monthly measured flow (wftk B.83 ENS =0.78 and PBIA=

11.35. The values indicatthat there is good agreement between observed and simulated stream
flow.

FLOW_OUT_1

A

/\ Observed
/\ Best estimation
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Figure 410: Streamflow calibration 95PPU plot
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Figure 411: Scatter plot of the simulated wbserved averagaonthly flow during calibration
4.3.2.2Flow validation

An independent set of observed flow data that had not been used for model calibration was used
to validate the model. Validation demonstrates that the model and its parameters are taken into
account as the regsentative of the system of the research watershed once the simulated variable
is successful with the corresponding observatidre validation period ofhis study was from
Jan/1/200% Dec/31/2010 and it is a total &dur years
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Figure 412: Streamflow validation 95PPU plot
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Figure 413: Scatter plot of the simulated vs. observed average monthly flow during Validation

Table 46: Summary of calibration and validationrjmal of flow parameter model performance
indicators

Period Simulation R? ENS RSR (%) PBIAS (%)
20022006 Calibration 0.83 0.78 0.49 11.35
20072010 Validation 0.77 0.73 0.58 8.9

Similarly, Mitiku et al. (2023) examining the impacts of climate varialke#itand land use change

on hydrologicalresponses of Awash River basin and calibrated and validated the hydrological
model in awash Hombole and reported that=R92, NSE=0.77 for calibration and
R?=0.87.NSE=0.52.

4.4 Sediment Yield Modelling
4.4.1 Sedimenhyield sensitivity analysis

The monthly observed sediment yield was used in a sensitivity analysis of the simulated sediment
yield for the UppeAwash Basirto determine the most sensitive parameter and to further calibrate
and validate the simulation eédiment yieldTherefore, he USLE support practice factor (USLE

P), the linear factor for channel sediment routing (SPCON), and the exponential factor for channel
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sediment routing (SPEXP) were shown to be highly sensitive factors for sediment yiedd in th

basin.

Table 47: Sediment yield parameters sensitivity rank

Parameter Name Parameter Range Fitted Value Rank
R__USLE_P.mgt 0-1 0.470 1
R__SPCON.bsn 0.00010.01 0.0017 2
R__SPEXP.bsn 1-15 1.493 3
R__CH_COVl.rte -0.050.6 0.254 4
R__LAT_SED.hru 0-5000 1752.39 5
R__CH_EQN.rte 0-1 0.61 6
R__ADJ_PKR.bsn 0.52 1.84 7

4.4.2 Sediment yield calibration and validation
4.4.2.1Sediment yield Calibration

Following the identification of the parameters that were susceptible wusiftg the sensitivity

study, calibration took plac&imilar to flow, the modl was calibrated for sediment yield from
2002 to 2006Model calibration was performed by comparing simulaediment yield versus
observedsediment yield of gauging station #the Hombole based on sediment rating curve
developed Up until the simulated and observed sediment yield fitted and adequate model
performance indicators were obtained, sediment yield calibration and sediment parameter

adjustments were made iteratively.
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Figure 414: Sediment yield calibration 95PPU plot
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Figure 415. Scatter plot of the simulated vs. observed average monthly Sediments during
calibration

4.4.2.2 Sediment yield validation

The valdation period for sediment yield nuifrom January 1, 2007, to December 31, 2010. It was
carried out using independently measured sediment data that had not been used throughout the
calibration periodA very goodagreement between the predicted and asediiment output was

seen during this validation stage, as evidenced bRtb€&0.8, NSE 0f0.78 and PBIAS of 12.5

percent.
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Figure 4.16: Sediment yield validation 95PPU plot
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Figure 416. Scatter plot of the simulalevs. observed average monthly Sediments during
validation

Table 48: Model performance test for calibration and validation period of sediment parameter

Period Simulation R? ENS RSR (%) PBIAS (%)
20022006 | Calibration 0.85 0.81 0.41 14.1
20072010 | Validation 0.8 0.78 0.42 12.5

4.5 Streamflow and Sediment Yield Responses tol{tnate and LULC Change

Based on historical LULC of 1990, 2005, and 2020, the calibrated and validated SWAT model
was used to assess the impact of land ars# land cover (LULC) and climate change on
streamflowand Sediment yieldThe impact of LULC change and Climate Change on streamflow
and Sedimenat a specific watershed and dodisins was examined using the laagn Climate
simulation from the years 1980 2019. This analysis was done on a monthly basis.

4.5.1 Streamflow Responses tolithate and LULC change

Understanding the past effects of LU/LC and the climate system on river flow is necessary to
comprehend the effects they will have in the futuréhenhydrological regimes at various levels

of a watershedLULC contributes to increse in the streamflow during 198999 periods
analyzed.During this pemd the streamflow increased by %8The growth of agriculturend

degradation of forest areanhich results in an increase in surface runoff, is the main cause of the
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increase in streamflow. Agricultural land expandgdl7.8% between 1989 and 20We can

explain this in terms of the crop soil moisture demands. Crops need less soil moisture tkgn fores
therefore, the rainfall satisfies the soil moisture deficit in cultivation lands more quickly than in
forests there by generating more surface runoff where the area under cultivation land is extensive.
Wilk and Hughes (200Q2also found tht convertingorest and Grasslartd agriculture increases

runoff whereas conversion of other LC to forest largely decreases runoff arsomiarly,

Beyene et al. (2@) found thatUpper Awash watershed experienced an increase of streamflow
due todrastic LULC change

Climate changeontributes to the decrease in the streamflow during 22019.In this perod the
streamflow decreased by 1%6The aerage precipitatiomlecreasedrom 1163.4 mmduring
1989 1999periodto 1022.9 in2011-2019period, whichresulted in dcrease of streardw.

Table 49: The variations in monthly streamflow under the different scenarios

Scenarios Average monthly Streamflow Change | Streamflow Change
Streamflow (m3s) (%)
(m3s)
S1 (baseline) 1193 - -
S2 (climae) 1178 -0.0126 -1.26
S3 (LULC) 125.1 0.048 4.81

4.52 Sediment yield Responses toli@ate and LULC change

The resilts showed that climate changed LUCC had a consistepbsitive effect on sediment
yield. Compared to the baseline scenario)(&iechange in sediment were .62% under LULC
change and 3.28 under climate changeffect. TheLULC change had a greater contribution to
changes in sedimepteld than climate changd.he resultis consistent wittShawul et al. (2019)
reportedhat the incremet of cropland at the expensegraissland increased the water yield which
might lead to more sedlient yield in the watershexd UpperAwashSul-Basin.From this we can
conclude that change in the land use/ land cover does haves an impact on the rissafinaail

yield behaviour of the watershed.
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Table 410: Theaverage monthly sediment simulated by the calibrated Swiédel under
different scenarios

Scenarios

Simulated Sediment Loa

Sediment Load Chang

Sediment bad

(Tons) (Tons) Change (%)
S1 (baseline) 12528 -
S2 (climate) 12940 0.0328 3.28
S3 (LULC) 14112 0.126 12.64

4.5.3 Combined impact of climate and LULC change on streamflow and sediment yield

According to the simulations of thedr SWAT model runs, streamflow drsedimenthave

changed over the past 30 years as a result of the combined effects of LULC and climate change.

Combined effect of LUC and climate change showed agr@gase in the streamflow and the

sediment yield from 1982019 Both discharge and sedintelvad increased relative to the

baseline scenario (S1), with 4.6% for discharge and 15.54% for sedimen@aftg et al.Z022)

found thatthe simulationresults indicated a decreasitignd in both annual discharge and

sediment load under the combihémpact of LUCC andc | i mat e

disc har ge

and

change
1 3 1loddlit the Hurthe RivereBdsiiNiortheast China.

wi t h

Table 411: The average monthly simulated streamflow and Sediment used to detect the combine
effects of climate and LULC chge on streamflow and sediment

Scenarios Simulated | Streamflow| Streamflow| Simulated| Sediment| Sediment
Streamflow| Change Change | Sediment Load Load

(mds) (mds) (%) Load Change | Change
(Tons) (Tons) (%)

S1 (baseline) 119.3 - - 12528 - -

S2 (climate) 117.8 -0.0126 -1.26 12940 0.0328 3.28
S3 (LULC) 125.1 0.048 4.8 14112 0.126 12.64
S4(Combined) 124.8 0.046 4.6 14476 0.1554 15.54
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4.6 Spatial Distribution of Sediment Yield and Prioritization of Critical Sub-Basins

Thereis never a spatially uniform process involved in the delivery of sediment to a basin's outlet
during erosion. Any scale at which a landscape unit is examined will typically reveal significant
variations in the specific sediment yiel@dorris and Fan, 20®). To concentrate yield reduction

efforts on the landscape units that deliver the most sediment to the reservoir, knowledge of the
spatial variation in yield is necessamhe sediment outflow from every tributary and the main

river section has been moddlafter the flow and sediment yield at Hombole gauging station were
successfully calibratedased on this finding, potential intervention areas were prioritized, and
three management/conservation measure scenarios were developed and simulated by SWAT
mocel to determine the most suitable management/conservation measures within the Upper Awash
Subbasin.

The Upper Awash watershed's annual sediment outputs, as predicted by SWAT, ranged from 0.2
to 77.3 tons/hgr from 1991 to 2019, with a 2gear average df9.31 tons/ha/yi/A mean annual
sediment output of 21.%om/halyr was reported in ¢hstudy by Dilnesaw et al. (2006t the
Hambole sufbasin Additionally, Setegn et al. (201@stimated a mean annual sediment yield of
24.6 bnghalyr for Ethiopia’'s Anjei watershed, which is situated in the country's Blue Nile Basin.
Sediment source maps were created using the model's average yearly sediment yield from each
subbasin.In order to determine the rates of soil formation for Ethiopia, Hu@8%lcarried ait
research. For the various agFoological zones of Ethiopia, the acceptable soil loss level ranged
from 2 to 18 tons per hectare per yeahe model's output revealed that, under the current
conditions, the Upper Awash River Basin produces an averagly yeld 0f19.31 tons/ha/yof
sedimentlrigure 4.19. Some sub watersheds in the research region have real annual soil loss rates
that are higher than the acceptable upper limit adriBa/yr. This fact demonstrates how seriously

soil erssion threates the study regian

Surface runoff and sediment yield had a direct relationsiipe surface runoff influences
detaching and moving soil particles. Most of the-satersheds that generate a haghount of
surface runoff produce a high amount of sedinyeitl. Spatial distribution of surface runodéind
annual sediment yieldere illustrated in Figure 4.1&hd 4.1%espectively.
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