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Modeling sediment load and runoff generation in Chelelka wetland watershed, Southern         

Ethiopia 

Betelhem T/giorgis Zewolde 

Addis Ababa University, 2018 

                                                                  Abstract 

Poor land use practice and improper management systems have played a significant role in 

causing high soil erosion and sediment transport on the Ethiopian highlands. The objectives of 

this study were to analyze LULC change in the past three decades, to quantify runoff, and 

sediment yield, to map the spatial distribution of sediment sources and prioritize areas for 

management intervention using SWAT model. Daily metrological data, soil data, stream flow 

data and land use land cover data were used to run the SWAT model. The coefficient of 

determination (R
2
) and Nash-Sutcliffe (ENS) were used to evaluate model calibration and 

validation. A sensitivity analysis was performed to identify the key sensitive parameters that are 

responsible for change in the watershed. Thirteen highly sensitive parameters were identified for 

stream flow.  Results from the model outputs showed an increasing trend of sediment yield and 

runoff for past 22 years. Annual sediment yield was 9.56 t/ha in 1995, 15.63t/ha in 2003 and 

26.42 t/ha in 2017. The possible reasons for increasing of annual sediment yield could be 

conversion of natural vegetation to cultivated land, bare land and settlements. In 1995 the Sub 

watersheds that are found in the upper which is sub watershed 24,18, 6 and sub watershed 16  

are the highest contributors of sediment load to the wetland. In 2003 sub watershed 3,6 and 16 

were generate more sediment and in 2017 sub watershed 2 and 3(in the upper part of the 

catchments) generated 84t/ha and 35t/ha respectively to the wetland. The annual average runoff 

generated from all watersheds estimated in 1995 and 2017 independently were 83.47mm and 

90.65mm, respectively. In 2017 sub watersheds 6 (‘Wosha seyama’), 18 (‘abaye’) and 2 (‘lower 

lango’) were generated more runoff to the wetland. These sub watersheds are found on the upper 

part of the catchments which have slope of >20%.  Higher the value of runoff related with soil 

type and conversion of natural vegetation and it has great effect for increasing of runoff to the 

wetland. Based on these findings, it is concluded that the rapid land use land cover change and 

increasing runoff in the study area significantly contributed to the sediment load to Cheleleka 

wetland. Therefore, the LULC change and lack of soil and water conservation practices are 

responsible for intensifying the level of potential annual sediment yield from uplands and Finally 

it is recommended that integrated watershed management could be implemented in these sub 

watersheds by encouraging the local people to participate in the management process. 
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1. Introduction 

Wetlands are defined as: areas of marsh, fen, peat land or water, weather natural or 

artificial, permanent or temporary, with water that is static or flowing fresh, brackish or 

salt, including area of marine water, the depth of which at low tide does not exceed six 

meters (Ramsar convention.,2007). Wetlands are found in different parts of the world 

including Ethiopia. In Ethiopia wetlands cover nearly 2% of total land of the country 

(Afework., 2005).They are one of the most productive ecosystems and perform many 

functions that maintain ecological integrity.  

While wetlands are the most productive ecosystems on earth, they are also the most 

threatened. Wetlands and their value remain little understood and their loss is 

increasingly becoming an environmental disaster. While most of the threats that wetlands 

face result from their misuse, many are also related to unsustainable resource extraction.  

Changes in land use and land cover through the expansion of agricultural land at the 

expense of forest and woodlands have been the major causes for soil erosion problem. 

Soil resources are very crucial renewable resources that are the basis for survival and 

development of a society. Human health and welfare, food security and industrial 

development are dependent on the quality and quantity of soil and water resources 

(ENTRO, 2007) as cited in (Micheale, 2014). While soils have always been subject to 

erosion by forces of nature, such as water, wind, and ice, the process has been greatly 

accelerated by human activities such as deforestation, agricultural expansion, and 

construction. They have increased the rate of erosion. Consequently, huge amounts of 

upland soil and sediment are displaced and transported down to lowland areas and into 
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water bodies‘ downstream, causing sedimentation. Sedimentation in catchment outlets 

such as reservoirs, lakes, ponds and dams is perhaps the most problematic outcome of 

soil erosion (Van Rompaey et al, 2001). High rates of sediment deposition at catchment 

outlets can reduce or eliminate water storage capacity (Verstraeten et al., 1999). 

Another important reason for their vulnerability is the fact that they are dynamic systems 

undergoing continual change (Barbier et al., 1996). As a result, many wetlands are 

temporary features that disappear, reappear and re-create themselves over time (Barbier 

et al., 1996). Humans usually and very dramatically accelerate natural processes often 

unintentionally but usually in the course of activities like agriculture, industry and urban 

development. (Dugan, 1990) claims that 65% of wetland disturbances are of human 

origin, while the remainder have natural origins. Out of these, 73% of disturbances are 

thought to result from direct human actions, while the remaining 27% are believed to 

come from indirect sources. 

Around Cheleleka wetland, large expansions of new land uses were made mostly through 

the conversion of the original forests and pasture land. Gessesse, (2007) reports that 82% 

of forest cover was lost between 1972 and 2000. In contrast to other lakes in the Rift 

Valleys of Ethiopia, the level of Lake Hawassa has been increasing while the Cheleleka 

wetland is unfortunately drying up because of sedimentation. The increase discharge 

from the wetland through the Tikurwuha River is partially related to the activities of 

erosion and the sedimentation processes in the Cheleleka wetland watershed (Tenalem et 

al., 2007 and Kebede et al., 2014). 

Therefore in order to address some of the above mentioned problems there is a need to 

identify sediment source from a watershed. If thus are not investigated the wetland will 
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be totally disappear like lake Haramaya. So identifying areas that are sources for 

sediment and runoff enables decision makers to implement soil and water conservation in 

the watershed that can minimize amount of sediment entered to Cheleleka wetland.  

1.1. Statement of the problem 

Wetlands are particularly important providers of all water related ecosystem services. 

They regulate water quantity, groundwater recharge, and can contribute to regulating 

floods and the impacts of storms. Wetlands also help in erosion control and sediment 

transport, thereby contributing to land formation and increasing resilience to storms 

(Ramsar Convention., 2007).Lose of cheleleka wetland means also lose of the above 

listed ecosystem service. 

The agricultural based economy and rapidly increasing human population were the main 

causes for land use land cover change in developing countries (Tuffa et al., 2014). 

Shortage of resources was also the main cause for land cover change and largely driven 

by the decision of people, population growth, decline house hold farm size and income 

(Hamza and Iyela, 2012). Those land use land cover changes have influence on quantity 

and quality of stream water (Bewket, 2005). Different studies that have been carried out 

in many parts of Ethiopia indicated that croplands have expanded at the expense of 

natural vegetation, forests and shrub lands (Daneil and Yonnas, 2010).The land use land 

cover change has negative consequences in hydrological system of a sub watersheds  

(Byragi and Mekonen, 2011). 

Poor land management practices such as deforestation, over grazing, and agriculture 

affect ecosystem structure and functioning at watershed level and have resulted in 

massive land degradation with water scarcity (Bishaw, 2003).This has been the case in 
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many landscapes in Ethiopia. Cheleleka wetland is found in the south of Ethiopia and its 

watershed has been affected by erosion and sedimentation. Progressive natural resource 

exploitation and degradation throughout the area was increasingly threatening the 

sustainability of the environment, food security and sustainable livelihoods (Luelseged, 

2005). The Cheleleka wetland as a whole receives inflow from springs, which originate 

from the upland features thus are Bele-lango, Wesa, Werka, Hallo, Shenkora, Gomesho, 

Wedesa, Abosa and Gelcacha River were the source of inflow to the wetland. It also 

receives runoff from its watershed. The wetland has served as transitional impounding 

reservoir during rainy season. The surface area of the Chelelka wetland in 1972 was 

about 12Km
2 

with estimated average depth of 5m and storage volume of about 60Mm
3
 

but now the wetland has lost its physical capacity by the deposition of sediment load in 

the past years (WWDSE, 2001).Steep topography, improper land use practices and 

deforestation within the watershed results in the loss of productive soil and water as 

runoff. Therefore, there is an urgent need for developing integrated watershed 

management plan based on hydrological simulation study using suitable modeling 

approach. Hence, this study was intended to identify sediment yield, sediment sources 

and runoff generated in the watershed. 
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1.2 Objectives 

1.2.1. General objective 

The main objective of this study was to assess the impact of LULC change of the study 

area on runoff and sediment yield and identify spatial distribution of sediment source to 

the wetland. 

1.2.2. Specific objectives 

 To quantify runoff generated from the Cheleleka under different LULC 

 To determine sediment yield from the watershed. 

 To identify spatial distribution of sediment sources in the watershed. 

 To identify and prioritize areas for management interventions. 

1.3. Significance of the study 

The study site of Cheleleka wetland watershed was affected by soil erosion, which treated 

the land and water productivity. Soil erosion induced rapid degradation of the ecosystem 

that contribute significant amount of sediment to the wetland. Sediment transport in a 

river is associated with a wide range of environmental and engineering issues, the most 

highly appreciated efforts on watershed management intervention usually face problems 

due to lack of specific information about sediment loss and  runoff estimation. Thus, 

information on quantity of runoff in terms of sediment and the main anthropogenic factor 

played a major role in increasing sediment yield. This study, therefore will deliver inputs 

for beneficiaries who are involved in planning, designing and environmental related 

activities in the Cheleleka wetland watershed. 
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1.4. Scopes of the study 

Getting complete input data was a challenge and some of the result are based only on 

available data, like sediment yield data was only for short period which cause calibration 

process extremely difficult for this reason sediment yield final output were only SWAT 

simulation and Tikurewuha river flow data have missing values 
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2. Literature Review 

2.1 Runoff 

Runoff or stream flow comprises the gravity movement of water in channels which may 

vary in size. Precipitation is the first natural supplier of water to a basin. Runoff is the 

part of precipitation that exits the basin as a stream flow at a concentrated point.  

2.1.1 Factors affecting Runoff 

There are many site specific factors which have direct relation with the occurrence and 

volume of runoff. The major factors are listed below. 

Vegetation 

The amount of rain lost to interception storage on the foliage depends on the kind of 

vegetation and its growth stage. The presence of vegetation acts as erosion retarding 

factor. Forest and grasses provide better cover than the cultivated crops. Dense vegetation 

covers intercepts and absorbs the force of rainfall and amount of energy. In addition, the 

root system as well as organic matter in the soil increases the soil porosity thus allowing 

more water infiltrate in (Troch et al.,2003).Forests are checkers of soil erosion. Protection 

is largely because of under store vegetation and litter, and the stabilizing effect of the root 

network. On steep slopes, the net stabilizing effect of trees is usually positive. Vegetation 

cover can prevent the occurrence of shallow landslides (Morgan, 2001).  

Afforestation does not necessarily decrease soil erosion. Splash erosion may increase 

substantially when litter is cleared from the forest floor (Mahmud et al., 2005). The 

spectrum for the size of the drops that are formed by the canopy varies widely among 

different species, resulting in large differences in the potential of splash erosion (SCRP 
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report, 2000). Deforestation may increase erosion. The actual soil loss, however, depends 

largely on the use to which the land is put after the trees have been cleared. 

 Slope and catchment characteristics 

In general, the volume and peak rate of runoff increases with catchment area. However, 

for the same rainfall event, a long narrow catchment would be expected to have a lower 

peak rate of runoff than a more compact or circular one of the same area. In the longer 

catchment, it takes more time for the runoff from the most remote part of the catchment 

to reach the outlet (Carey et al., 2004). The runoff efficiency (volume of runoff per unit 

of area) increases with the decreasing size of the catchment i.e. the larger the size of the 

catchment the larger the time of concentration and the smaller the runoff efficiency. 

Slope accelerates erosion as it increases the velocity of flowing water. Small differences 

in slope make big difference in damage. According to the laws of hydraulics, a four - 

time increase in slope doubles the velocity of flowing water. This doubled velocity can 

increase the erosive power four times and the carrying capacity by 32 times. Investigation 

on experimental plots has shown that steep slope plots yield more runoff than those with 

gentle slopes. In addition, it was observed that the quantity of runoff decreased with slope 

length to some extent (Setegn et al.,2008). 

 Climate 

Climate factors include types of precipitation, rainfall intensity, duration of rain fall, 

rainfall distribution, Direction of Prevailing Wind. Types of precipitation have great 

effect on the runoff. Example a precipitation which occurs in the form of rainfall starts 

immediately as surface runoff depending upon rainfall intensity while precipitation in the 
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form of snow does not result in surface runoff and if the rainfall intensity is greater than 

infiltration rate of soil then runoff starts immediately after rainfall. While in case of low 

rainfall intensity runoff starts later. Thus, high intensities of rainfall yield higher runoff. 

Also, duration of rain fall is directly related to the volume of runoff because infiltration 

rate of soil decreases with duration of rainfall. Therefore, medium intensity rainfall even 

results in considerable amount of runoff if duration is longer. 

Runoff from a watershed depends on the distribution of rainfall. It is also expressed as 

―distribution coefficient‖ mean ratio of maximum rainfall at a point to the mean rainfall 

of watershed. Therefore, near outlet of watershed runoff will be more. Also, the direction 

of prevailing wind is same as drainage system, it results in peak   flow.  Storm moving in 

the direction of stream slope produce a higher peak in shorter period of time than a storm 

moving in opposite direction. 

2.2.2. Factors Affecting Soil Erosion 

Soil erosion is the wearing away detachment and transportation of soil from one place 

and its deposition at another place by moving water blowing wind or any other cause. 

Several factors that affect soil erosion are described below. 

 Amount and intensity of rainfall and wind velocity 

 Rainfall is the most forceful factor causing erosion through splash and excessive runoff. 

Rain drop erosion is splash, which results from the impact of water drops, directly on 

soil. Although the impact of rain drops on water in shallow streams may not splash soil, it 

does cause turbulence, providing a greater sediment carrying capacity. According to 
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Morgan, (2001), soil loss is closely related to rainfall partially through the detachment 

power of rain drops striking the soil surface and partially through the contribution of rain 

to runoff. If rain falls gently, it will enter the soil where it strikes, and some will slowly 

runoff, but if it occurs in torrents, as usually the monsoon rain does, there is not enough 

time for the water to soak through the soil and it runs off causing erosion. Runoff that 

causes erosion, therefore, depends upon intensity, duration, amount and frequency of 

rainfall. The amount and peak intensity are two main important characteristics of a 

rainstorm that affect its potential ability of causing erosion. Volume and peak rate of 

runoff are measured by runoff erosivity (Foster, 1988). 

 Topography with special reference to slope of lands 

 Slope accelerates erosion as it increases the velocity of flowing water. Small differences 

in slope make big difference in damage. According to the laws of hydraulics, a four - 

time increase in slope doubles the velocity of flowing water. This doubled velocity can 

increase the erosive power four times and the carrying capacity by 32 times. In one of the 

experiments in the United States of America, it was observed that the loss of soil per 

hectare due to erosion in a maize plot was 12 tons when the slope was 5 %, but it was as 

high as 44.5 tons under 9%, slope. Similarly, Stern, (1990) indicates when the slope 

gradient increase, the ability of overland flow alone to erode and transport sediments 

rapidly until the erosion by the surface flow become mechanism contributing to sediment 

transport. 
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 Physical and chemical properties of soil 

Some soils erode more readily than other under the same conditions. The erodibility of 

the soil is influenced by its texture, structure, and organic matter and the amount and kind 

of salts present. There is less erosion in sandy soil because water is absorbed readily due 

to high permeability. More organic manure in the soil improves granular structure and 

water holding capacity. As organic matter decreases, the erodibility of soil increases. Fine 

textured and alkaline soils are more erodible. In general, soil detachability increases as 

the size of the particle increases but soil transportability increases with the decrease in 

particle size. Clay particles are more difficult to detach than sand, but are easily 

transported on a level land and much more rapidly on slopes. According to Wischemeier 

and smith, (1978) cited in Yacob, (2010) established a regression equation for the 

parameter to estimate soil erodibility (K). Soil erodibility increases with increasing silt 

plus very fine sand content of the soil. It decreases with increasing clay and organic 

matter content. 

 Ground cover, its nature and extent 

The presence of vegetation ground cover retards erosion. Forests and grasses are more 

effective in providing cover than cultivated crops. Vegetation intercepts the erosive 

beating action of falling raindrops retards the amount and velocity of surface runoff, 

permits more water flow into the soil and creates more storage capacity in the soil. Lack 

of vegetation that creates erosion permitting condition according to Wischmeier and 

Smith, (1978) cited in Yacob, (2010) Vegetation Cover and Management also have a 

direct link to soil erosion. Cover includes plant canopy, mulches, plant residues, or 
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densely growing plants in direct contact with the soil surface. It has a greater impact on 

erosion than any other single factor. The canopy intercepts raindrops, and if it is close to 

the ground, water dripping off the leaves has much less energy than unhindered 

raindrops. 

 

2.1.1.6. Impacts of land use land cover change on hydrologic regime 

Urbanization, deforestation and other land use practices can affect on seasonal and annual 

distribution of stream flow within a watershed. It is likely that such change can also affect 

the distribution and pattern of sedimentation (Kasai et al., 2005). Land use change is 

expected to have a greater effect on gully erosion than climate change (Walling and Fang, 

2003) which therefore represents an important sediment source in a range of 

environments and an effective links for transferring runoff and sediment (Poesen et al., 

2003). 

LULC changes have been responsible for altering the hydrologic response of leading to 

impacting river flow (Getachew and Melesse, 2012). Land under little vegetation cover is 

subjected to high surface runoff and low water retention (Woldamlak, 2002). According 

to Legesse et al., (2003) reported that vegetation cover increase evapo transpiration and 

decrease annual river flow. In other words increase in forest cover would substantially 

reduce sediment yield and modulate stream flow (Kigira et al., 2010). In addition, change 

in vegetation cover can cause different curve number which results in changing rainfall 

runoff response. Therefore, land cover change interferes with the land phase of 

hydrologic cycle. The competing process may result in either increase or decrease in dry 

season flow (Calder, 2002). 
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2.2 Model selection criteria 

Hydrological models are particularly useful tools for investigating many practical issue 

that arise during planning, design, operation, and management of water resource systems. 

There are several commercial hydrologic models that have been used to model river basin 

dynamics, at small and larger watershed scales. These include empirical, physical, 

stochastic, and distributed models such as Info Works River Simulation (IWRS), Info 

Works Collection System (IWCS), and Storm Water Management Model (XP-SWMM). 

Open-source watershed models have also been used to model river basin dynamics in 

Malaysia. These models include the Soil Water Assessment Tool (SWAT), Hydrologic 

Engineering Centre – The Hydrologic Modeling System (HEC-HMS), Kinematic Runoff 

and Erosion Model (KINEROS) software, and the Long-Term Hydrologic Impact 

Analysis (L-THIA) program. Among these models, SWAT is a well-established, 

physically based distributed model used for analyzing the impacts of land management 

practices on the water in large complex watershed. 

Models differ in terms of complexity, processes considered, and the data required for 

model calibration and model use. In general, there is no best model for all applications 

(Merritt et al., 2003). The selection of a particular model is a key issue to get satisfactory 

answers to a given problem. Currently, there are numerous hydrological models 

simulating the hydrological process at different spatial and temporal scales. According to 

Singh and Frevert, (2002) describe five criteria for hydrological model selection. The first 

is representativeness, comprehensiveness, applicability and connectivity, the last is 

geographical representativeness. The most appropriate model, generally depends on the 

intended use and the characteristics of the catchment being considered. 
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2.3 SWAT model 

SWAT is frequently used by both the global academics and practitioners over 2500 free 

reviewed papers have been published using modeling results obtained applying SWAT. 

SWAT is the abbreviation for soil and water assessment tool, a river basin or watershed, 

scale model developed by Dr.Jeff Arnold for USDA agricultural research service (ARS). 

SWAT was developed to predict the impact of land management activity on water, 

sediment and agricultural chemical yields in large complex watershed with varying soils, 

land use and management condition over long periods of time. SWAT is a semi 

physically based model because it incorporates physical process which takes place in the 

catchment, However it lumps together parts of catchment, which have same soil and land 

cover properties. The main processes are precipitation, evapotranspiration, runoff, ground 

water flow. It also includes vegetation growth and management practice occurring in the 

watershed. The physical process associated with water movement, sediment movement, 

crop growth, etc are directly modeled by SWAT using this input data (Arnold et al., 

2002) 

The basic data that SWAT model needs are Digital Elevation Model, land use and 

weather data. From DEM data, the watershed is divided into number of sub watersheds. 

The use of sub watershed in a simulation is particularly beneficial when different area of 

the watershed is dominated by land use or soils dissimilar enough in property to impact 

hydrology. Every sub watershed is then divided into Hydrologic Response Units (HRUs). 

All HRUs are unique combination of land use, soil and management practice in a sub 

watershed. Input information for each sub-catchment is grouped into the following 
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categories: climate; hydrologic response units or HRUs; ponds/wetlands; groundwater; 

and the main channel, or reach, draining the sub-watershed. 

 

2.2.2 Hydrological components of SWAT 

Simulation of the hydrology of the watershed is divided in to two; land phase and routing 

phase. Land phase of the hydrological cycle that controls the water movement in the land 

and determine the water, sediment, nutrient and pesticide amount that will be loaded in 

the main stream. Hydrological components simulated in land phase of hydrological cycle 

are canopy storage, infiltration, redistribution and evapo transpiration, lateral sub surface 

flow; surface runoff, ponds and tributary channel return flow. The second division is 

routing phase of the hydrologic cycle that can be defined as the movement of water, 

sediment, nutrients and organic chemical through the channel network of the watershed 

to the outlet. In the land phase of the hydrologic cycle, SWAT simulate the hydrological 

cycle based on the water balance equation. 

SWt =SWo+ Σ (Rday - Qsurf - Ea-Wseep- Qgw)                                                Eq.1 

Where SWt is the final soil water content (mm), SWo is the initial soil water content for 

day I (mm), t is the time (days), Rday is the day precipitation (mm), Qsurfis the surface 

runoff (mm), Ea is evapo transpiration (mm), Wseep is the seepage from the bottom of soil 

layer (mm) and Qgw is the ground water flow on day I (mm). 
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Surface runoff occurs whenever the rate of water application to the ground surface 

exceeds the rate of infiltration. When water is initially applied to a dry soil, the 

application rate and infiltration rates may be similar. However, the infiltration rate will 

decrease as the soil becomes wetter. When the application rate is higher than the 

infiltration rate, surface depressions begin to fill. If the application rate continues to be 

higher than the infiltration rate once all surface depressions have filled, surface runoff 

will start. SWAT estimates surface runoff using the SCS curve number procedure 

(USDA-SCS, 1972). Using daily or sub daily rainfall, SWAT simulates surface runoff 

volumes and peak runoff rates for each HRU. The SCS curve number equation is; 

     
                      

 

                 
                                                                        Eq. 2 

 

In which, Q
surf 

is the accumulated runoff or rainfall excess (mm), R
day 

is the rainfall depth 

for the day (mm), S is the retention parameter (mm). The retention parameter is defined 

by equation 3. 

      (
    

  
   )                                                                         Eq.3 

Soil profile water content and the second method is the retention parameter varies with 

accumulated plant evapo transpiration. The soil moisture method (equation 4), 

overestimate runoff in shallow soils. But calculating daily CN as a function of plant 

evapo transpiration, the value is less dependent on soil storage and antecedent climate. 

      (  
  

[                ]
)                                               Eq.4 
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Where S is the retention parameter for a given day (mm), S
max 

is the maximum value the 

retention parameter can achieve on any given day (mm), SW is the soil water content of 

the entire profile excluding the amount of water held in the profile at wilting point (mm), 

and w
1 

and w
2 

are shape coefficients. The maximum retention parameter value, Smax, is 

calculated by solving equation 4 using CN1. 

         (
    

   
   )                                                                 Eq. 5 

When the retention parameter varies with plant evapo transpiration is used to update the 

retention at the end of every day: 

               (
              

    
)                               Eq.6 

Where S is the retention parameter for a given day (mm), S
prev 

is the retention parameter 

for the previous day (mm), E
o 

is the potential evapo transpiration for the day (mm d
-1

), 

cncoef is the weighting coefficient used to calculate the retention coefficient for daily 

curve number calculations dependent on plant evapo transpiration, S
max 

is the maximum 

value the retention. Parameter can achieve on any given day (mm), Rdayis the rain fall 

depth for the day (mm), and Qsurf is the surface runoff (mm). The initial value of retention 

parameter is defined as S=0.9*Smax. 

The SCS curve number is a function of the soil permeability, land use and antecedent soil 

water condition. SCS defines three antecedent moisture conditions: I—dry (wilting 

point), II—average moisture and III—wet (field capacity). The moisture condition I 

curve number is the lowest value the daily curve number can assume in dry conditions. 
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The curve number for moisture conditions I and III are calculated with equation 7 and 8, 

respectively. 

        
            

            [                      ] 
                   Eq.7                                                 

           [                 ]                                                Eq. 8 

Where CN1 is the moisture condition I curve number, CN2 is the moisture condition II 

curve number and CN3 is the moisture condition III curve number. Typical curve 

numbers for moisture curve number II are listed in various tables (Neitsch et al., 2005), 

for various land cover and soil types. These values are appropriate for a slope of 5%. 

(Williams, 1995) developed an equation to adjust the curve number to a different slope: 

     (
       

 
)  [                   ]            Eq. 9  

where; CN2S is the moisture condition II curve number adjusted for slope, CN3 is the 

moisture condition III curve number for the default 5% slope, CN2 is the moisture 

condition II curve number for the default 5% slope, and slp is the average percent slope 

of the sub basin. Runoff is calculated separately for each sub basin and routed to obtain 

the total runoff for the basin. SWAT calculates the peak runoff rate with a modified 

rational method. There are many methods that are developed to estimate potential evapo 

transpiration (PET). Three methods are incorporated into SWAT: The Penman-Monteith 

method (Monteith, 1965), the Priestley- Taylor method (Priestley and Taylor, 1972) and 

the Hargreaves method (Hargreaves et al., 1985).  
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Groundwater balance in SWAT model is calculated by assuming two layers of aquifers. 

SWAT partitions groundwater into a shallow, unconfined aquifer and a deep confined 

aquifer and it simulates two aquifers in each sub basin. The shallow aquifer is an 

unconfined aquifer that contributes to flow in the main channel or reach of the sub basin. 

The deep aquifer is a confined aquifer. Water that enters the deep aquifer is assumed to 

contribute to stream flow somewhere outside of the watershed (Arnold, 1993). The water 

balance for a shallow aquifer in SWAT is calculated with: 

                                                 Eq.10 

where; aqsh,I  is the amount of water stored in the shallow aquifer on day i (mm), aqsh,i-

1 is the of water stored in the shallow aquifer on day i-1 (mm), Wrchrg is the amount of 

recharge entering the aquifer on day i (mm), Qgw is the groundwater flow, or base flow, 

into the main channel on day i (mm), Wrevap is the amount of water moving into the soil 

zone in response to water deficiencies on day i (mm), Wdeep is the amount of water 

percolating from the shallow aquifer into the deep aquifer on day i (mm), and Wpump,shis 

the amount of water removed from the shallow aquifer by pumping on day i (mm).  

    
         

   
                                                                          Eq.11                       

where; Qgw is the groundwater flow, or base flow, into the main channel on day i (mm), 

Ksat is the hydraulic conductivity of the aquifer (mm/day), Lgwis the distance from the 

ridge or sub basin divide for the groundwater system to the main channel (m), and hwtbl is 

the water table height (m).  
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A water table fluctuation due to non-steady-state response of groundwater flow to 

periodic recharge is calculated (Smedema and Rycroft, 1983) 

      

  
 

          

     
                                                                           Eq.12 

where; 
      

  
 is the change in water table height with time (mm/day), Wrchrg is the 

amount of recharge entering the aquifer on day i (mm), Qgw is the groundwater flow into 

the main channel on day i (mm), and μ is the specific yield of the shallow aquifer (m/m). 

Assuming that variation in groundwater flow is linearly related to the rate of change in 

water table height, equations 2.12 and 2.13 can be combined to obtain: 

    

  
    

    

        
  (            )      (            )      Eq.13                              

Where; Qgw is a direct index of groundwater flow response to changes in recharge 

(Smedema and Rycroft, 1983). 

2.2.3 Sediment component of SWAT 

SWAT calculates the soil erosion and sediment yield with the Modified Universal Soil 

Loss Equation (MUSLE) 14 (Williams, 1975). 

         (                   )
    

             

                                                                                     Eq.14 

where; sed is the sediment yield on a given day (metric tons), Qsurf is the surface runoff 

volume (mm /ha), qpeak is the peak runoff rate (m
3
/s), areahru is the area of the HRU (ha), 

kUSLE is the soil erodibility factor, CUSLE is the cover and management factor, PUSLE is the 
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support practice factor LSUSLE is the topographic factor, CFRG is the coarse fragment 

factor. 

The maximum amount of sediment that can be transported from a reach segment is a 

function of the peak channel velocity and is calculated by equation 15. 

                        
          

                                                     Eq.15 

where; Csed,ch,mx is the maximum concentration of sediment that can be transported by 

the water (ton/m3 or kg/l), Csp is a coefficient defined by the user, Vch,pk, is the peak 

channel velocity (m/s), and spexp is exponent parameter for calculating sediment re 

entrained in channel sediment routing that is defined between 1.0 and 2.0.  

The maximum concentration of sediment calculated by equation 15 in the reach is 

compared to the concentration of sediment in the reach at the beginning of the time step, 

concsed,ch,i. If concsed,ch,i greater than concsed,ch,mx, deposition is the dominant process in 

the reach segment and the net amount of sediment deposited is calculated by equation 17. 

If concsed,ch,i less than concsed,ch,mx, degradation is the dominant process in the reach 

segment and the net amount of sediment re-entrained is calculated by equation 17 

     (                          )                                Eq.16 

       (                         )                 Eq.17 

where; seddep is the amount of sediment deposited in the reach segment (metric tons), 

seddeg is the amount of sediment restrained in the reach segment (metric tons), Vch is the 

volume of water in the reach segment (m3), KCH is the channel erodibility factor 

(cm/hr/Pa), and CCH is the channel cover factor.  
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The final amount of sediment in the reach is determined from equation 18 

                                                                  Eq.18 

Where; sedch is the amount of suspended sediment in the reach (metric tons), sedch,i is the 

amount of suspended sediment in the reach at the beginning of the time period (metric 

tons). The amount of sediment transported out of the reach is calculated by equation 19 

             
    

   
                                                                       Eq.19 

Where; sedout; is the amount of sediment transported out of the reach (metric tons), Vout; 

is the volume of outflow during the time step (m3). 

2.2.4. Sensitivity analysis 

Sensitivity analysis is a process of evaluating how parameters influence predicted output 

significantly then identify sensitive parameters that can be used during model calibration. 

Sensitivity analysis helps to determine relative ranking of which parameter most affect 

the output variance due to input variability (Van Griensven et al., 2002) which reduce 

uncertainty and provides parameter estimation guidance for the calibration step of the 

model. SWAT 2012 uses LH-OAT method; the concept of this method is to allow a 

robust analysis but uses a stratified sampling approach that allows efficient estimation of 

the output statistics while the One-Factor-At-a-Time is an integration of a local to a 

global sensitivity method (van Griensven, 2005). 

 In local methods, each run has only one parameter changed per simulation which aides in 

the clarity of a change in outputs related directly to the change in the parameter altered 

(Van Griensven and Green,  2007). 
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SWAT 2012 also used global sensitivity analysis it performs the sensitivity of one 

parameter while the value of other related parameters are also changing. Global 

sensitivity analysis uses t-test and p-values to determine the sensitivity of each parameter. 

The t-test provides larger absolute values are more sensitive and p-values determine the 

significance of the sensitivity. A p-value close to zero has more significance. 

2.2.5. Model calibration 

Calibration and validation of the model is a key factor in reducing uncertainty and 

increasing user confidence in its predicative abilities, which makes the application of the 

model effective. Calibration process can be done either manually; using a trial and error 

process of parameter adjustments or by using computer based automatic procedures. 

Manual calibration involves modifying values for a small number of input parameters 

selected by the model user then running the model and examining the output files to see 

whether the modification led to improvement in the fit between model predictions and 

experimental data. Madsen,(2000) stated that it is possible for an experienced hydrologist 

to obtain very good and hydrological sound parameters using manual calibration, but 

manual calibration is tedious, time-consuming, subjective, and cannot easily include 

consideration of the interaction among parameters. Also, Balascio et al., (1998) reported 

that when the number of parameters used in the manual calibration is large, especially for 

complex hydrologic models, manual calibration can become labor-intensive. The auto- 

calibration technique is used to obtain an optimal fit of process parameters which is based 

on a multi-objective calibration and incorporates the Shuffled Complex Evolution 

Method Algorithms (Green and van Griensven, 2007) 
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SWAT strengths and limitations 

Strength 

 Modeling based on physical processes associated with soil and water interaction. 

 Flexibility on input data requirement. 

 Capability of modeling change in land use and management practice. 

 Capability of long term simulations 

 Capability of modeling catchments areas varying between few hectares to 

thousands of square kilometers 

 The model is freely available and can be easily downloaded from the internet. 

 Limitation 

 Due to the heterogeneity of the catchments, many metrological observation 

stations are required to present spatial variation in the hydro metrological 

characteristics in the area. Lack of adequate number of observation stations 

affects the model output. 

 Though SWAT is free software tool, to represent the spatial variation in the 

catchment characteristics, GIS software is the pre-requested to run the model. 

 The tool does not check meaning fullness of the values entered by the user. The 

user is responsible to ensure that any physical parameters entered are correct and 

meaningful. 

 Swat does not simulate sediment and flood routing in detail and during the winter 

and spring periods it has difficulties in modeling snowmelt erosion and flood 

plain erosion (Benaman et al., 2005) 
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3. Material and Methods 

3.1. Study area 

The study was undertaken in the Cheleleka wetland watershed, sub watershed of Lake 

Hawassa catchment that is partially found in the central rift valley of Ethiopia, 263 Km 

south of Addis Ababa. Geographically it is located between 38°37
ǀ
 E to 38°42

ǀ 
E and 

7°02
ǀ
 N to 7°07

ǀ 
N it covers an area about 615.88Km

2
. 

 

                                        Figure 1 Location map of the study area 
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3.1.1 Climate 

Precipitation 

The climate in the study area is affected by ITCZ throughout the year (Mulgeta, 

2013).Therefore, the region experiences mainly two seasons; a relative dry period from 

November to February with minimum monthly precipitation in December, relative wet 

period from March to October. Within the rainy season there were two rain periods; short 

rain periods between April and May and a heavier rain period between Julys to 

September. Hawassa receives rainfall annually of 600 to 1200mm in the rainy season and 

Wondogenet receives 800 to 1600mm in rainy season (Mulgeta, 2013). Wondogenet 

station receives the highest rainfall. Precipitation data was downloaded from National 

center for environmental prediction and climate forecast for system reanalysis and bias 

correction were done to compare the measured data of metrological stations with CFSR. 

 

                   Figure 2 Precipitation of Hawassa and Wondogenet stations 
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Temperature 

 

    Figure 3  Average maximum and minimum temperature of Hawassa and Wondogenet 

stations. 

The average maximum temperatures of Hawassa and Wondogenet stations was 32
o
c and 

28
o
c respectively and mean annual minimum temperature of Hawassa and Wondogenet 

were 8
o
c and 9.5

o
c. According to Yacob,(2010) the mean maximum temperature is 30

o
C. 

The mean monthly minimum temperature is as low as 9
o
C between the months of 

December to February 

3.2. Methodology 

SWAT model integrated with GIS a combination of different factors and acquiring 

available satellite images of three different periods by remote sensing techniques. 

Available satellite images were classified by ERDAS image processing software for 

determining LULC changes on the study area were major methods used to complete this 

study. 
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3.2.1 Satellite images 

For this study landsat imageries of TM and ETM were used for making LULC map of the 

study area in the time of 1995, 2003 and 2017 based on supervised image classification 

method and in order to view and differentiate the surface features clearly, all the input 

satellite images were composed using red, green ,and blue color composition. 

3.2.2 LULC classification 

LULC image classification was based on the available satellite images of the study areas. 

Classification of satellite images was categorized to pixels on an image into LULC 

categories.  

Table 1. Description of LULC category in the study area 

No LULC classes Description of land cover type 

1 Wetland An area of land which have grass and water together 

2 Settlement It includes urban and small rural residential places, roads, 

commercial and industrial buildings. 

3 Forest Area of land covered with forest  

4 Bare land Area of land that has no vegetation cover, degraded land. 

5 Cultivated land Area of land prepared for growing various crops. It includes 

currently under crops fallow and land under preparation for 

cultivation. 

6 Grazing land Area of land for open grazing 

7 Agro forestry Area of land which is planting two or more of plants 

simultaneously in the same field. 
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The land sat TM and ETM images undergone to preprocessing phase to get the LULC 

maps of the study area for the three periods. Generally, the above description is shown on 

the figure 4. 
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                   Figure 4  Description of LULC image classification 

3.2.3 Image pre- processing 

Image collected by remote sensing satellites were affected by a number of distortions that 

result from differences in sensor calibration, solar, and atmospheric effects on the signal 

received by the satellite sensor. When working with multiple images, the effects should 

be minimized using absolute radiometric correction to ensure the most accurate results so 

for this study land sat satellite imagery data received from USGS need to be corrected 

before use.  Land sat images of 1995, 2003 and 2017 were used. The satellite image of 
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each band in each year have been stacked in ERDAS 2014.Then from stacked satellite 

image the study area image has been clipped the layer of the study area shape file from 

Arc GIS 10.4 software. 

3.2.4 Image restoration 

The aim of image restoration was to reduce the image blur during the imaging process. 

Prior to use and classification of any image data received from satellites, atmosphere 

effects and geometric distortions (change in shape and position of objects with respect to 

their true shape and position) should be corrected. Then geometric corrections (pre 

processing techniques) were applied. To work with GIS also like overlaying maps the 

image should be linked to a co-ordinate system and projection of a globe. For this study 

1995, 2003 and 2017 land sat images have been georeferenced to Adindan UTM zone 

37N projection type. 

3.2.5 Image enhancement 

Enhancements were used to make it easier for visual interpretation and understanding of 

imagery. The advantage of digital imagery was that it allowed us to manipulate the digital 

pixel values in an image and it concerns the modification of an image to improve its 

quality as perceived by a viewer. In order to improve the visualization, the images for the 

prospected classification different false and true color in the order of Red Blue Green 

were produced for different LULC features identification and training site selection for 

supervised classification. Therefore, for this study ERDAS 2014 were used to improve 

the visualization of the images. 
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3.2.6 Image classification 

The aim of image classification was to group all similar pixels in digital image in to one 

of several land cover classes. The LULC study of the watershed was made based on 

1995, 2003 and 2017 satellite images and field observations. Satellite image classification 

was done based on supervised and unsupervised classification techniques. 

3.2.7 Unsupervised classification 

It was computer program automatically groups the pixels in the image in to separate 

clusters, depending on their spectral features. Each cluster then assigned a land cover 

type by the analyst and it was used in the image classification before field work to 

understand the general land cover classes of the study area.  

3.2.8 Supervised classification 

It was based on the idea that a user can select sample pixels in an image that are 

representative of specific classes and then direct the image processing software to use 

thus training sites as reference for the classification of all other pixels in the image. Based 

on these training points supervised classification was performed using ERDAS 2014 

software. There are seven major LULC classes were identified mainly, wetland, bare 

land, cultivation, pasture land, agroforestery, forest, and settlement.  

For 2017 land sat image ground truth data (GPS points) were important to verify the 

LULC classification. This classification was used to define the original pixels that 

contain similar spectral classes representing certain land cover classes. For this study 150 
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(GPS) points were collected from the field and the rest of land sat image were done using 

Google earth.  

   3.2.9 Accuracy assessment 

The classified image usually has some percentage of error due to noise and unknown 

pixels. The accuracy assessment was done by using two methods; the first one was 

comparing the classified image with the land cover classes shown on the Google earth 

and the other used ground control points on the field. Using the first method accuracy 

assessment for 1995 and 2003 land sat image classified image was done using Google 

earth. And for land sat 2017 accuracy assessment was done using (GPS) points from field 

observation. 

Table 2  Accuracy assessment for land sat 1995 

Class name Producer accuracy User accuracy 

Agro forestry 84.62% 91.97% 

Bare land 80.00% 100.00% 

Grass land 76.92% 90.91% 

Wetland 100.00% 66.67% 

Forest 88.89% 72.73% 

Settlement 85.71% 85.71% 

Cultivation 100.00% 75.00% 

Overall Classification Accuracy =     85.71% 

 

Overall Kappa Statistics = 0.8072 
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 Table 3 Accuracy assessment for land sat 2003 

Class name  Producer accuracy User accuracy 

Agro forestry 93.55% 86.57% 

Bare land 100% 71.43% 

Forest 80.95% 85.00% 

Grass land 80.77% 100% 

Settlement 63.64% 100% 

Cultivation 100% 100% 

Wetland 75.00% 100% 

 

Overall Classification Accuracy =     88.00% 

 

Overall Kappa Statistics = 0.839 

 

 

                        

Table 4 Accuracy assessment for land sat 2017 

Class name Producer accuracy Users accuracy 

Agro forestry 97.92% 88.68% 

Bare land 70.00% 77.78% 

Forest 75.00% 85.71% 

Grass land 84.62% 84.62% 

Settlement 84.62% 81.48% 

Cultivation 91.67% 84.62% 

Overall Classification Accuracy =     85.33% 

 

Overall Kappa Statistics = 0.8150 

 

According to Rahman et al., (2006) the kappa value characterized in to three groups; a 

value greater than 0.80 (80%) is strong agreement, a value between 0.40 and 0.80 (40-

80%) is moderate agreement, and a value below 0.40 (40%) is poor agreement. 
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3.3.1. SWAT input data and analysis 

3.3.1.1 Digital Elevation Model (DEM) of the study area 

The topography was defined by DEM that describes the elevation of any point in a given 

area at specific spatial resolution. The DEM used in this study was taken from the USGS 

90 by 90 meter resolution from SRTM dataset. This DEM was used to delineate the 

watershed and analyze the drainage pattern of the land surface terrain. Sub basin 

parameters such as slope gradient, slope length of the terrain and stream network 

characteristics such as canal slope length and width derived from DEM. Before the DEM 

was added in to arc SWAT, it was projected in to projected coordinate system. The 

projection of the DEM data was done using arc tool box operation in Arc GIS. The 

projected coordinate system parameters of study area are; UTM, Adinindan UTM zone 

37N.prj. 

 

Figure 5  DEM data for the study area 
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3.3.1.2. Weather generator input file 

SWAT also need long term daily climate data for the simulation of hydrological 

processes. For this study, the necessary climate data were collected from National center 

for environmental prediction and climate forecast system reanalysis. Data of 

precipitation, wind speed, sunshine hour, relative humidity and maximum and minimum 

temperature were collected from 1979-2014. Data processing was done according to the 

available data Statistical analysis of the daily data were carried out using Excel, which 

were latter used as an input for the data generator. Finally, all the data were arranged in 

*dbf format as an input for the SWAT model. All the missed data were filled with 

missing data identifier of -99. SWAT has a built-in weather generator that was used to fill 

the gaps. SWAT takes data of each climate variable for every sub watershed from the 

nearest weather station. 

 

Figure 6  Gage station location near the watershed 



   36 
 

3.3.1.3. Land use/land cover data 

The land use was one of the most important factors that affect erosion, runoff and evapo 

transpiration in a watershed during simulation (Neitsch et al., 2005).To evaluate land use 

changes, land sat satellite image were used with universal transverse Mercator (UTM) 

projection and 30-meter resolution images from January 1995, 2003 and 2017 have been 

obtained from USGS earth explorer between path and row of 168 and 55 respectively and 

used to create land use land cover images. In the fieldwork period, ground truth locations 

of different land covers were collected for supervised classification of land sat 2017 

image. 

3.3.1.4. Soil data 

The SWAT model requires different soil textural and physical-chemical properties. The 

data was needed as an input for the SWAT model. A soil map of the study area was 

obtained from FAO (1; 500,000) and the soils are classified based on texture thus are 

clay, loam, clay loam soils. Clay soils were cover larger area than others. 
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Figure 7 Soil map of the study area 

3.3.1.5 Stream network 

The stream network data set was from the DEM during the delineation of watershed in 

SWAT model. 

 

                                        Figure 8  Stream network map in the study area 

 

3.3.1.5. River flow data 

Daily flow of river Tikurewuha were obtained from MoWIE hydrology section from the 

period 1990-2013.River Tikurewuha was the outlet stream of Cheleleka wetland, these 

measurements were used to calibrate and validate the simulation result of SWAT model. 
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3.3.2 Arc SWAT model setup 

3.3.2.1. Watershed delineation 

The first step in watershed delineation was loading the properly projected DEM. To 

reduce the processing time of the GIS functions, a mask was created over the DEM 

around the study area in order to extract the specific area, to delineate the boundary of the 

watershed and digitize the stream networks in the study area, which reducing the time of 

processing and burn in a poly-line stream data set that helped the sub watershed reach to 

follow the known stream reach. In this study, the minimum threshold area of 1500 ha was 

used to define the stream network for the watershed. This threshold area was used to 

define minimum drainage area required to form the origin of a stream and to decide the 

number of sub watersheds within the watershed. The watershed delineation activity was 

finalized by calculating the sub basin parameter. 

3.3.2.2. Hydrologic response unit analysis 

After the watershed was delineated in to areas having unique land use, soil and slop 

called hydrologic response unit (HRUs). Also the individual fields with specific land use, 

soil, and slope were scattered over the sub watershed, when lumped together they form 

HRUs. The land use, soil, and slope projected in the same projection as DEM. After that 

land use, soil, slope grids were overlaid and linked with the SWAT databases and ready 

for HRU definition. To define the distribution of HRU multiple HRU definition option 

were selected. The HRUs of the watershed were derived from the combination of DEM, 

slope, soil, LULC data provided to the software. Most of the time the default of SWAT 

recommended that 10% soil, 20% LULC, and 20% slope thresholds have been used, 
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however, the selection was based on the user purposes. Similarly, for this thesis, 25% 

soil, 15% LULC, and 20% slope combinations in the multiple HRU option was used. 

Based on this, 110 HRUs were created for the LULC of 1995, 2003 and 2017. 

3.3.2.3. Defining weather database 

SWAT needs daily values for precipitation, maximum and minimum temperature, solar 

radiation, relative humidity and wind speed for modeling of various physical processes 

and those data were provided in text file format for the two station. The location table 

was linked with SWAT weather database where the observed weather data was stored. 

Other climate data maximum and minimum temperature, solar radiation, relative 

humidity and wind speed were generated from the given data of daily rainfall and 

monthly average climatic data by weather generator. 

3.3.2.4. Sensitivity analysis 

Sensitivity analysis was performed to limit the number of optimized parameters to obtain 

a good fit between simulated and measured data. Sensitivity analysis helped to determine 

the relative ranking of which parameters most affect the output variance due to input 

variability (Van Griensven et al., 2002) which reduce uncertainty and provides parameter 

estimation guidance of calibration step of the model. SWAT model has an embedded tool 

to perform sensitivity analysis and provide recommended ranges of parameter changes. 

SWAT CUP 2012 was used a combination of (Global sensitivity analysis) the sensitivity 

analysis was performed using the SWAT- CUP for the period of 1990 - 2013. In this 

study thirteen flow parameters were selected for sensitivity analysis. 
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3.3.2.5. Model calibration and validation 

 The calibration and validation were performed by using SUFI-2 in the SWAT CUP tool 

package. Model calibration was done to improve the results of the model simulation. The 

calibration was supported by sensitivity analysis, which avoids performing calibration on 

non-effective parameters. Thirteen effective parameters were used to calibrate the model. 

SWAT compares simulated data with the observed data to calibrate the model through 

parameter evaluation. The calibration was done by comparing stream flow data. In this 

study discharge data of the river Tikurewuha from 1990-1995was used to model 

calibration. The validation of the model was carried out using the calibrated parameters. 

The observed stream flow data of the river Tikurwuha from 2010-2013 was used to 

validate the model. 

3.3.2.6. Model evaluation 

The predictive capacity of the SWAT model for discharge was determined by using two 

stastice. Thus are Ens and RMSE. Discharge measurement of river Tikur Wuha was used 

as observed input data. The Nash-suttcliffe simulation efficiency Ens Nash and Sutcliffe, 

(1970) indicates the goodness of 1:1fit between observed and simulated data. Values of 

ENS ranges from –Ve infinity to +Ve 1, where 1 indicates a perfect match between 

observed and simulated values. The expression of the Nash-suttcliffe simulation 

efficiency was: 

  Ens=1- 
∑              
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Where Yoi the observed stream flow on day i, Ysi the simulated stream flow on day i and 

Ŷoi the average measured stream flow value during the simulation period. The simulation 

is considered well if ENS > 0.75 and satisfying if 0.36< ENS < 0.75 (Van Liew and 

Garbrecht, 2003).  

The root mean square error (RMSE) indicates the error between the observed and the 

simulated stream flow data. Values of RMSE close to zero indicate a good model 

performance (Alansi et al., 2009) 

     √
∑            

 
 

Where Ysi was the simulated stream flow and Yoi is the observed stream flow on day i, 

and n the total number of output. 
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                             Figure 9  framework of the methodology 
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4. Results and Discussion                                        

4.1 Land use land cover change in Cheleleka watershed 

Table 5: Land use change in the Cheleleka watershed, between 1995 and 2017 

Land cover type Area in  1995 Area in  2003 Area in  2017 Change 

 Ha % Ha % Ha % 1995-2003 2003-2017 

% 

1995-2017 

% 

Agro forestry 27457 45.39 31714 52.42 22110 36.55 7.03 -15.87 -8.84 

Bare land 3014 4.98 2854 4.58 5559 9.19 -0.4 4.61 4.21 

Wet land 1448 2.40 471 0.78 15.78 0.03 -1.62 -0.75 -2.37 

Pasture land 7840 12.96 7590 12.55 12331 20.38 -0.41 7.75 7.42 

Settlement 4656 7.70 2771 4.72 9215 15.23 -2.98 10.51 7.53 

Cultivation 4967 8.21 6792 11.23 4502 7.44 3.02 -3.79 -0.77 

Forest 11109 18.36 8300 13.72 6759 11.17 -4.64 -2.55 -7.19 

 

Forest cover in the study area reduced from 18.36% in 1995 to 11.17% in 2017 (Table 5). 

A study by Dessie and Kleman, (2006) result indicates that relative forest declines from 

16% to 2% in the Cheleleka watershed in the period 1972-2000. The difference between 

these studies was area of the watershed. Dessie and Kleman, (2006) studied only the area 

which was covered with forest. The possible reason for reduction of forest cover might be 

deforestation and conversion of forest to settlement. Similarly to Tulu, (2011) the main 

reason for reduction of forest cover in the study area was the conversion of forest to 

grazing land, fuel wood, timber exploitation and settlement. According to Yacob, (2010) 

the other factor that reduce forest cover in the area was most of the forest area was found 

between two regional states Oromia and SNNPR and there were repeated clashes among 

the nearby community and incidence of forest fire.  

The area of the wetland fluctuated between 1995 and 2017. Variation of wet and dry 

periods causes an alteration in the wetland, water or grass cover. Variation in the rate of 

precipitation during previous months can cause difference in water availability 

throughout the year and can cause variation in the size of wetland and grass land. Based 
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on this in 1995 it covers 2.4% from the total area and in 2017 the wetland decreased to 

0.03% indicates the wetland was converted to grassland as shown on the photograph 

which was taken in January Appendix 5 and 6. Similarly WWDSE, (2001) and Wolka et 

al ,(2015) reports the surface area of the Cheleleka wetland in 1972 was 12 Km
2 

with 

estimated average depth of 5m and storage volume of 60Mm
3
 but now the wetland has 

lost its physical capacity. Also during field visit people who live around the wetland were 

planting eucalyptus tree the reason for planting eucalyptus tree was it consume high 

amount of water  than other tree species so when the area became dry used as grazing 

land for their cattle.  

The area which was covered by grassland fluctuated between1995-2017. In 1995 it 

covers 12.6% from the total area, in 2003 and 2017 it covers 12.55% and 20.35% 

respectively. The grass land coverage was increased in 2017 so it indicates wetland was 

converted to grassland.  

Agroforestry and cultivation were decreased by 8.84% and 0.77% respectively. It 

indicates agro forestry converted into cultivation, settlement and bare land. Agro forestry 

was still dominating the agricultural land use. According to Carolin, (2013) result 

indicates with the immigration of more people to this area, fertile land become scarce and 

people had to settle on the escarpment of the rift valley where the land was cleared. Due 

to its steepness and the restrictions of water holding capacity of the soil, this area was less 

suitable for cultivating crops such as corn and potato. With the introduction of the new 

cash crop chat (Catha edulis) more people began to cultivate this for its economic 

benefits. 
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Settlement in 1995 it was 7.70% and in 2017 it was increased to 15.23% and in 2003 

settlement area was decreased to 4.72% compared to year 1995. According to Legess,et 

al.,(2003) report indicates the central rift valley was one of the most fertile area in 

Ethiopia, but permanent settlement did not occur before the 1950s.But the rapidly 

increasing population demanded more agricultural land and after the 1950s more peoples 

began to settle. The expansion of agricultural land use and lack of proper management 

have reduced the natural vegetation. According to CSA, (2007) the population density of 

the area was predicted to be 141 persons per /Km
2
 in 2013, which was higher than 

regional average population density 87 person/ km
2
. 

Figure 10  LULC map of 1995, 2003 and 2017 
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4.2 Simulated Monthly average runoff 

The watershed was characterized by three main seasons. Summer season from July- 

September is known as kiremt. The dry period (locally named as bega) extends between 

Octobers to February. From March to May small rain season (locally named as belg) 

(Mulgeta, 2013). Based on this as shown on the graph monthly average runoff for the 

three years were increased. From March to May which was belg season the amount of 

runoff was less and on the summer season it was very high when compared to belg 

season, the dry season from October to January the amount of runoff was very low. 

SWAT simulates runoff based on the precipitation data. 

Table 6  Simulated monthly runoff value in (mm) in 1995, 2003 and 2017 

Month 1995 2003 2017 

Jan 0.57 0.58 0.69 

Feb 3.45 3.67 4.41 

Mar 10.9 11.11 11.91 

Apr 5.11 5.21 5.64 

May 2.48 2.54 2.72 

Jun 3.87 3.95 4.35 

Jul 30.64 31.24 32.73 

Aug 15.6 15.92 16.93 

Sep 1.21 1.23 1.37 

Oct 0.34 0.35 0.36 

Nov 0.28 0.28 0.36 

Dec 0.11 0.11 0.15 
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Figure 11 Average monthly runoff value (mm) for 1995, 2003 and 2017 LULC 

 

4.2.1 Simulated annual average runoff 

Annual average runoff in 1995 was 83.47(mm), 2003 it was 85.12(mm) and 2017 it 

reaches to 90.65(mm) and evapo transpiration rate was 56.1mm, 56mm, 56.2mm 

respectively for the above three periods. This indicates the amounts of runoff in each year 

were increased. Wagesho et al., (2012) report indicates monthly and annual Tikurewuha 

flow showed an increasing overall trend. Which means runoff is directly enter to 

Tikurewuha River and went to Lake Hawassa. The reason was the wetland was affected 

by sedimentation problem and the wetland has lost its physical capacity for this reason 

runoff is joining Tikurewuha River and enters to Lake Hawassa. Figure 12 also shows the 

correlation of precipitation with runoff and when the amount of precipitation increase 

runoff also increase and runoff has direct relation with priciptation the detail is presented 

below. 
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     Figure 12  Correlation of precipitation with annual runoff (mm)  

4.2.2 Source of runoff in the watershed 

Sources of runoff from sub-watersheds which contribute more runoff to the study area in 

1995 were sub watersheds 13(Wotera kechema kebele), 21 (Cheko kebele), and 17 (Baja 

fabric) respectively. In most cases, since the slop gradient is >10% it create opportunity 

runoff to get high velocity. Besides the bare land and cultivation land use system 

facilitated the runoff to wear out the top soil in higher rate. Generally sub-watersheds 

which were characterized by high soil loss rate are found on slopes gradient greater than 

10 % with bare land use system but this situation may not always be true. Sub watershed 

13 (Wotera kechema kebele) covers total area of 2.08% and has land use type of bare 

land (0.48%), pasture land (0.36%) and cultivation (1.22%) and soil type which is found 

in this sub watershed was clay soil and have slope of 0-5 (1.20%) .In this sub watershed 

land use system which is bare land and cultivation create more runoff to the cheleleka 

wetland. Sub watershed 26 (lower wedesa) contribute the lowest runoff to the watershed. 
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In 2003 sub watershed 21 (Cheko Kebele), 15(Abaye kebele), 11(Wotera kechema 

Keble) and 3(upper Lango) contribute more runoff to the wetland. In sub watershed 21 

the majority area has slope of 5-10 (0.66%) and total area of the watershed was 1.24% 

and major land use type in the area was cultivation (0.47%), bare land (0.27%), 

agroforestry (0.24%) and pastureland (0.27%).In this sub watershed total area of 

cultivation and bare land was high compared to others .Such land use type have the 

ability to increase runoff to the Cheleleka wetland. All area of the sub watershed is 

covered by clay soil and it has slop range of 5-10 (0.66%). Soil property also has 

influence on runoff. By nature clay soil have less infiltration rate than others, when 

infiltration rate is less there will be high runoff. 

In 2017 sub watershed 6 (Wosha soyama kebele) generate 930mm runoff to the 

watershed and sub watershed 18(Abaya kebele) and sub watershed 2 (Upper Lango) 

follows. Sub watershed 6 has total area of (6.06%) from the watershed and slope range of 

5-10 (52.71%). Larger area of this sub watershed was covered by agroforestery (73.41%) 

and settlement (27.18%) and major soil type in the area was clay and clay loam soil. Sub 

watershed 28 (Baja fabrica) contribute the less amount of runoff to the watershed which 

is 90.55mm. In 1995 sub watershed 6 was covered with forest and agroforestry but in 

2017 it is converted to cultivation, agroforestery and settlement and forest coverage was 

decline. The major reason for increasing runoff to this sub watershed was change of 

LULC. In the current situation sub watershed 6 contribute more runoff to the watershed. 

The detail is presented in Table 7 
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Table 7  Simulated annual runoff (mm) with respect to sub-watershed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sub 

watershed 

1995 2003 2017 

1 156.02 138.5 138.53 

2 380.87 242.33 814.1 

3 356.47 581.68 737.26 

4 519.87 444.94 757 

5 450.42 138.41 138.41 

6 501.05 546.65 930.96 

7 229.23 138.39 450.43 

8 226.59 226.59 295.43 

9 450.41 138.39 138.39 

10 320.12 138.44 138.44 

11 410.92 632.13 687.57 

12 138.41 138.41 658.29 

13 658.28 146.24 583.37 

14 226.23 226.22 511.1 

15 320.08 658.3 687.57 

16 317.83 317.81 546.98 

17 583.4 346.28 375.56 

18 317.33 317.34 856.86 

19 138.35 346.17 450.36 

20 418.73 493.06 687.6 

21 618.24 770.75 687.6 

22 317.74 317.25 687.62 

23 272.27 317.76 226.28 

24 362.9 271.42 181.29 

25 135.61 90.56 90.56 

26 181.44 317.27 766.3 

27 272.08 272.08 418.22 

28 226.58 181.54 90.55 
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4.2.3 Sensitivity analysis 

The sensitivity analysis was carried out to identify the sensitive parameter of SWAT 

model. It was performed on 20 different parameters. After the analysis the parameters 

were ranked according to their magnitude of response. Out of 20 parameters, 13 most 

sensitive parameters were chosen. Global sensitivity analysis was done for the parameter 

shown in Table 8.Show in the Table  effective hydraulic conductivity in the main channel 

alluvium (CH-K2) was found to be the most sensitive parameter followed by soil depth 

(SOL-Z), Ground water revap coefficient (GW-REVAP) and the others were ranked in 

the Table 8. In the Table 8 the rank for each parameter was assigned based on the P and T 

values.  

Table 8 Parameters used for model calibration and validation                 

Parameter 

name 

Parameter description t-test p-

value 

Rank 

ALPHA_BF Base flow alpha factor 0.99 0.35 6 

CN2 Runoff curve number 1.33 0.23 4 

CANMX Maximum canopy storage -0.31 0.76 12 

EPCO Plant uptake compensation factor 0.97 0.36 7 

ESCO Soil evaporation compensation factor  -0.14 0.89 13 

GW-REVAP Ground water revap coefficient -1.55 0.17 3 

GWQMN Thrush hold depth of water in the shallow aquifer for 

return flow to occur 

0.39 0.70 11 

BIOMIX Biological mixing efficiency 1.07 0.32 5 

SOL_AWC Available water content of soil 0.54 0.60 9 

SURLAG Surface runoff lag coefficient -0.56 0.59 8 

SOL_Z Soil depth (for each layer) 1.56 0.16 2 

CH_K2 Effective hydraulic conductivity in the main channel 

alluvium 

-1.99 0.09 1 

REVAPMN Trash hold water in shallow aquifer -0.41 0.69 10 

 

 



   52 
 

4.2.4 Model calibration 

In this study river flow data of Tikurwuha was used from the period 1990 – 1995 for 

calibration and it was found that R
2
 0.83 and ENS was 0.58 in 1995, R

2
 0.89 and ENS 

0.72 for 2003 and R
2 

0.81and ENS 0.70 for 2017. The observed stream flow shows less 

fluctuated when it is compared to the simulation for 1995.  In 2003 and 2017 have similar 

results observed stream flow more fluctuated than simulated. It can be seen on the figures 

below. 

 

Figure 13 Observed and simulated stream flow for calibration period (1990-1995)  for 

1995 LULC 

 

 

Figure 14 Observed and simulated stream flow for calibration 2003 LULC  
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       Figure 15 Observed and simulated stream flow for calibration 2017 LULC  

4.2.5   Model validation 

In this study stream flow data of Tikurewuha River gauged watershed for four years 

period was used during model validation. The model was run 2010 -2013.The validation 

was involving model run with unchanged parameter set against an independent set of data 

serious as further analysis of model performance. 

Validation was done for four years from 2010 to 2013. It was found that the model has 

strong predictive capability with R
2 

and ENS value of 0.72 and 0.54 respectively in 1995. 

For 2003 and 2017 R
2
 was 0.80 and 0.80 and ENS value was 0.71and 0.69 respectively. 

It can be seen on figures 

 

  Figure 16  Observed and simulated stream flow for validation from (2010 -2013)                 

for 1995 LULC 
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Figure 17 Observed and simulated stream flow for validation for 2003 LULC  

 

Figure 18 Observed and simulated stream flow for validation for 2017 LULC map 

The Nash-suttcliffe simulation efficiency ENS Nash and Sutcliffe, (1970) indicates the 

goodness of 1:1fit between observed and simulated data.Values of ENS ranges from –Ve 

infinity to +Ve 1, where 1 indicates a perfect match between observed and simulated 

values. The simulation is considered well if ENS > 0.75 and satisfying if 0.36 < ENS< 

0.75 (Van Liew and Garbrrchat, 2003). 

 

 

 

 



   55 
 

4.3 Cheleleka wetland watershed sediment yield simulation 

4.3.1 Simulated Sediment yield 

In this study the SWAT model which was calibrated and validated only for hydrological 

component of Tikureweha gage station was used to estimate the sediment yield with their 

respective distribution among the sub watersheds. Even though due to lack of observed 

data for sediment, the result of the model is indicative since the most driving force i.e. 

runoff is calibrated. Based on this simulation, the annual sediment yield in Cheleleka 

wetland was in the range of 0.05 to 2.33 tons per hectare during the year 1995 to 2013 for 

period 1995, 0.03- 3.69 in 2003 and in 2017 it was from 0.04 to 6.06 ton per hectare with 

annual yield of 9.56 tons/ha in 1995, 15.63 tons/ha in 2003 and 26.42tons/ha in 2017. The 

detail is presented in Table 9, Figure 20 and in Appendix. Annual yield of sediment in 

2017 was increased compared to other periods.  

Similarly Kebede et al,(2015) result indicates only 13.6% of the study area has a soil loss 

value less than 10 ton per hectare per year with the remaining area experiencing higher 

soil loss value. A large area, 53.6% of the watershed, was under severe extremely severe 

soil loss (>80 ton per hectare per year). Another 17.3% of the study area has annual soil 

loss of 20-45 ton per hectare. But the model which was used to undertake the result was 

RUSLE model. 
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           Table 9 Annual sediment yield (t/ha) in 1995, 2003 and 2017 

Annual sediment yield(t/ha) 

year 1995 2003 2017 

1995 0.08 0.2 0.46 

1996 1.59 2.4 3.64 

1997 2.32 3.53 5.26 

1998 2.33 3.69 6.06 

1999 0.12 0.35 0.86 

2000 0.31 0.73 1.67 

2001 0.1 0.27 0.65 

2002 0.08 0.19 0.44 

2003 0.05 0.09 0.25 

2004 0 0.01 0.04 

2005 0.2 0.39 0.78 

2006 0.04 0.07 0.16 

2007 0.15 0.28 0.6 

2008 0.15 0.26 0.46 

2009 0.06 0.12 0.31 

2010 1.72 2.55 3.75 

2011 0.06 0.15 0.3 

2012 0.02 0.03 0.1 

2013 0.18 0.32 0.63 

Total 9.56 15.63 26.42 

 

 

            Figure 19 Annual sediment yield (t/ha) in 1995, 2003 and 2017  
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4.3.2 Sources of soil erosion 

The spatial variability of sedimentation rate was identified and shown in Figure 21 and 

based on which the potential area of intervention can be identified. The average annual 

yields of sedimentation for each sub watersheds were used to generate sediment source 

map shown in Figure 21. The output of model showed that sub watershed 24 (Abaye 

Kebele), 18(Abaye Kebele), 6 (Wosha soyama kebele) and 16 (Abaye kebele) generates a 

maximum annual sediment yield of 24.5 ton/ha, 22.87 ton/ha, 18.11 ton/ha and 16.15 

ton/ha respectively and sub watershed 12(Wotera kechema Kebele) generated lowest 

amount of annual sediment yield (0.06 ton/ha) in 1995. Sub watershed 24(Abye kebele) 

has slope of > 20 which covers 9.61% from the total area and it is found in the upper part 

of the catchment, major soil type found in this sub watershed were clay and clay loam. 

Also the area has land use type of agroforestery (8.28%) and forest (2.84%) and has slope 

of >20(9.61%).The land use type and slope have great effect for this watershed to 

generate more sediment to the wetland. 

In 2003 sub watershed 3(upper Lango) generate maximum sediment yield of 19.7ton/ha 

with the total area of 6.77% .Sub watershed 6(upper Wosha) and sub watershed 

16(Lower Halo) follow sub watershed 3.  This sub watershed covered with land use type 

of settlement (2.45%), agroforestery (2.20%) and forest (2.17%). Also has slope of >20% 

and soil type is clay soil. In 1995 sub watershed 3(upper Lango) was covered with 

agroforestery and forest but know forest cover is converted to settlement. Land use 

change, slope and soil have great effect for this sub watershed to generated sediment to 

wetland. In 2017 sub watershed 2 (lower Lango) generate high sediment yield to the 

watershed which is 84.51 ton/ha. It covers the total area of 5.22% and has slope range of 
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0-5(3.40%) also the soil type was clay. Major land use type found in the watershed is 

bare land (1.13%) and cultivation (2.63%). In 1995 sub watershed 3(Upper Lango) was 

covered with pasture land and cultivation but know pasture land is covered with bare 

land. Based on this result sub watershed number 2 (Low Lango) should get the priority 

for management intervention. 

Major reason, for a higher sediment yield, could be land use change in which large parts 

of both sub watersheds are under cultivation or bare land and being often disturbed and 

can be easily detached by runoff.  

The other possible factor that positively contributes for the sediment load was the shape 

of the watersheds. Since both schemes have smaller watershed size where as greater 

elevation difference, the suspended sediment being carried by the flood, might reach  

Cheleleka wetland in a relatively shorter distance without settling somewhere in the 

watershed. Lack of proper implementation of watershed development plans to treat major 

sediment sources by soil and water conservation mechanisms had also accelerate erosion 

and consequently increased the sediment yield. The detail is presented in appendix and 

figure 21. 
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                        Figure 20 Sources of soil erosion within sub watersheds 

 

         4.4 Priority areas for management intervention 

 

                   Table 10 Priority classes for sub watersheds 

Range of soil 

loss 

Priority 

class 

Sub 

watersheds 

Area 

Ha 

Sediment 

load (t/ha) 

30.99 – 84.51 I 2 and 3 7252 114 

19.74 -30.99 II 20,12,7,21 

and 19 

6103.3 91.34 

5.87 – 19.74 III 15 and 4 1290 10.99 

0.01 -5.87 IV 1,5,28,17.. 47221 31.85 
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The result showed that sub watershed that generate sediment load of (30.99 – 

84.51t/ha/yr) is observed in the upper part of the catchment. Out of 28 sub watershed, two 

sub watersheds (2 and 3) covering an area of 7252 ha contributed 114 t/ha/yr of total soil 

loss and needs the first priority class. Sub watershed 20, 12,7,21 and 19 covering an area 

of 6103.3 ha, and generated sediment load of 19.74 -30.99 t/ha/yr and needs second 

priority class. The sub watershed which needs third priority class cover an area about 

1290 ha and of the watershed area and generate 10.99t/ha/yr sediment and forth priority 

class cover an area about 47221 ha and all sub watersheds generated 31.85t/ha/yr 

sediment to the wetland. In general the result showed that upper part of the catchment 

experience very high generation of sediment load to the watershed and it needs first 

priority for management intervention. These indicate high soil erosion in upper part 

expected to produce high sedimentation in lower slope part of Cheleleka wetland. 

 

                                    Figure 21  Priority areas for management 
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5. Conclusions and Recommendations 

5.1. Conclusions 

The findings indicate that there were land use land cover changes between 1995 to 2017. 

The rapid expansion of cultivation land, settlement and deforestation in the area resulted 

in high rate of sediment load and runoff in the watershed as a result the wetland has dried 

out permanently. 

Based on the findings it can be conclude that the average annual runoff generated from 

all sub watersheds showed an increasing trend from 1995 to 2017. In 1995 sub watershed 

13(Wotera kechema kebele), in 2003 sub watershed 21(Chko Kebele) and in 2017 sub 

watershed 6 (Wosha soyama kebele) generated more runoff to the watershed. The highest 

contribution of sediment load to watershed in 1995 was from sub watershed 24(Abaye 

kebele) and this sub watershed is found in the upper catchment and the area was 

converted to agricultural activity. In 2003 sub watershed 3(upper Lango) and in 2017 sub 

watershed 2(lower lango) generated more sediment to the watershed. The total annual 

sediment yield from the entire watershed was 9.56t/ha/year in 1995 and 26.42 t/ha/year in 

2017. Sub watersheds which needs priority for management intervention are 2 >3 >20 

>21. 
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5.2 Recommendations 

 From the watershed 47.44% of the area have a slope more than 20%. In this slope 

range proper and wise agricultural practices needed (soil and water conservation, 

afforestation) can be some of possible practices to reduce the sediment load to the 

wetland. 

 Sub watersheds that produce the highest sediment are in 2017 was 2, 3 and 20 

respectively were contributing sediment yield in the watershed. This can be 

reduced by practicing soil and water conservation on agricultural areas of those 

sub watersheds. 

  Integrated watershed management could be a process to direct the management 

intervention and encourage local people to participate in the process for sub 

watershed get the priority. 

 Model prediction output depends on the quality of input data. One of the 

constraints in conducting this research work was lack of continuous measured 

suspended sediment data. Future researcher should give due attention to the time 

and frequency of sampling methods and recording of reliable sediment data 

together with flow measurement. 
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Appendix 

Appendix 1. SWAT parameter selected for sensitivity analysis 
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Appendix 2 Monthly precipitation data used 1979 -2013 for station 1 

Year 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1979 0.853 0.1142 11.5 10.77 55.005 50.24 82.63 44.9 37.19 11.215 0.1768 0.117 

1980 0 0.3416 0.39 0.618 12.978 100.7 66.37 65.05 94.79 12.097 0.1408 0.079 

1981 0 5.7472 42.4 27.89 6.3789 21.59 42.99 44.33 39.86 14.67 2.9697 0.062 

1982 0.697 3.9534 1.35 12.51 62.627 55.36 86.82 68.55 54.07 5.7378 23.799 0.467 

1983 9.9 2.914 2.05 14.1 71.892 52.83 67.7 85.52 156.8 40.443 6.2845 0.409 

1984 0 0 0.39 1.59 62.3 63.59 91.17 111.7 61.43 0.1064 0.1408 0.021 

1985 1.351 0.0069 0.74 69.53 132.97 76.71 55.87 60.05 59.22 15.38 1.1055 0 

1986 0 1.926 0.42 62.93 37.146 81.96 97.5 145.7 67.18 1.9123 0.3536 0 

1987 0 3.2882 3.94 0.659 62.816 77.43 74.71 49.8 49.07 33.183 0.1682 0.024 

1988 0.309 2.5002 1.47 85.07 7.8192 35.21 100.5 58.11 107.6 37.498 0 0.251 

1989 2.944 1.9415 15.9 60.54 20.889 39.96 91.85 67.49 65.85 11.412 1.1227 1.97 

1990 0.051 1.2377 5.47 100.3 13.96 44.26 87.67 95.62 66.49 14.471 0.0875 1.669 

1991 0.048 1.4179 19.6 2.7 11.862 45.36 70.01 272.7 91.25 6.1163 0 2.441 

1992 8.793 1.7269 11.6 2.905 9.7092 49.54 88.11 58.81 84.08 16.457 2.6505 0.223 

1993 2.237 0.9175 0.37 5.212 58.976 39.31 112.6 126.9 87.35 35.656 0 0.11 

1994 0 0.0069 2.37 33.94 111.16 126.1 45.89 24.35 72.86 9.8139 0.2695 0.1 

1995 0.082 0.6969 0.96 33.84 43.264 8.659 70.96 30.07 74.76 7.4295 0.1459 0.431 

1996 0.587 0.1013 10.5 16.76 96.114 74.73 94.36 109.1 138.4 9.8903 4.089 0 

1997 0.319 0 9.24 84.47 13.882 61.3 120.4 188.7 26.98 72.275 49.663 0.039 

1998 29.92 0.6446 1.53 23.69 143.64 56.83 115 39.99 74.51 52.249 1.1003 0 

1999 0.223 0.182 11.8 25.54 27.747 52.07 83.74 110.1 35.25 29.4 0.5776 0 

2000 0 0 0.08 55.83 58.756 36.65 119.9 64.05 85.57 56.265 3.9242 0.467 

2001 0.257 1.2085 14.8 30.49 15.278 59.58 106.6 56.99 26.46 4.3061 0.769 0.345 

2002 1.936 0.0412 0.69 9.792 13.302 24.53 40.62 91.85 22.71 3.713 0.1408 0.319 

2003 0.014 0.2935 1.22 52.04 1.4729 50.09 53.25 30.42 18.02 0.5871 0.4189 0.798 

2004 2.705 0.0069 3 43.73 10.794 45.6 51.72 59.03 17.36 17.76 0.824 0.068 

2005 0.014 0.4257 0.6 70.03 111.94 13.51 43.92 73.67 70.5 6.7326 0.2283 0.11 

2006 0.252 0.0318 12.9 77.33 17.52 33.9 67.2 57.65 15.81 52.65 0.2369 0.12 

2007 0.156 2.72 1.11 45.77 52.029 60.01 87.89 22.84 79.32 8.535 0.0584 0 

2008 0.038 0.0034 0.3 16.95 19.971 40.26 82.07 38.41 36.59 24.88 17.597 0.175 

2009 0.17 0.4635 27.8 57.7 13.953 11.42 39.8 40.82 20.91 54.24 3.9165 6.427 

2010 0 43.225 84.9 83.5 129.78 41.46 65.89 70.9 65.9 48.579 0.1373 0 

2011 0.003 0.0051 4.34 0.077 49.634 29.5 58.17 64.87 88.72 0.3553 0.0257 0.081 

2012 0.01 0.0206 0.01 30.93 22.012 25.65 36.15 50.85 56.58 6.3395 0.0343 0.007 

2013 0.003 0.0206 38.2 35.74 19.787 33.69 47.1 18.26 54.98 13.539 15.549 0.012 
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Appendix 3 Monthly precipitation data from1979 -2013 for station 2 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1979 3.47 6.197 37.5 41.9 126.1 166.8 216.2 110.41 106.33 53.375 1.95 3.1268 

1980 1.03 1.808 6.49 2.21 30.63 224.2 172.9 154.98 224.78 51.201 1.01 0.4086 

1981 0.2 9.27 127 65.8 25.1 105.3 122.9 146.29 110.05 34.739 7.23 0.3674 

1982 6.89 7.089 4.74 61.1 150 138.6 213.1 173.32 106.92 32.071 47.4 3.6384 

1983 29.4 10.52 6.94 54.3 166.1 134.5 188 198.1 261.26 120.55 26.5 2.2041 

1984 0.44 0.299 0.21 6.8 175.1 239.3 281.2 315.27 146.17 1.5819 1.55 0.3725 

1985 6.23 0.115 8.88 119 225.1 222.9 167.4 147.96 140.78 45.815 2.84 0.0721 

1986 0.5 8.714 6.46 174 105.5 178.3 250.6 288.49 197.88 15.456 1.65 0.5476 

1987 0.49 13.93 33.6 5.89 166.4 322 216.1 147.81 117.75 80.161 1.44 0.8858 

1988 2.48 7.074 5.25 178 22.49 150.2 220.5 227 293.07 120.25 0.15 1.1347 

1989 15.1 11.6 49.2 146 39.47 145.8 212.8 203.34 150.67 28.309 5.52 7.7522 

1990 0.54 12.77 38.3 177 41.9 149.7 237.7 224.13 168.29 31.478 0.28 5.7816 

1991 6.78 3.001 59.5 16.9 40.35 146.3 194.5 525.81 237.85 18.139 0.39 13.026 

1992 20.9 7.848 11.9 17.5 30.07 124.8 281 112.07 183.1 51.989 24.6 2.2934 

1993 8.48 5.25 3.95 34 234.9 175.7 275.1 267.11 204.79 95.233 0.6 0.5073 

1994 0.06 1.001 6.63 99 215.6 387.2 143.1 114.31 157.43 31.175 4.08 0.8411 

1995 0.96 5.594 7.08 74 110 51.9 163.4 124.42 229.86 22.019 1.39 4.9524 

1996 9.11 1.792 31.1 56.3 208.6 154.9 257.6 308.12 288.19 29.115 14.7 0.0446 

1997 1.98 0.034 27.8 149 41.23 111.1 291.4 392.06 73.398 156.48 95.2 0.5931 

1998 43.5 19.64 7.26 51.8 254.3 153.2 264.9 170.52 185.81 170.62 2.64 0.6403 

1999 0.56 1.456 49 76.2 92.76 203.5 273.5 208.06 121.64 123.71 3.93 2.4908 

2000 0.12 0.467 1.3 110 171 143.6 373.4 233.97 183.41 165.77 18.4 2.9629 

2001 1.57 3.453 36.7 54.7 71.94 168.2 256.3 163.06 106.13 32.912 5.15 2.1372 

2002 7.59 0.512 5.93 38.2 44.07 97.12 130.7 222.28 62.97 23.688 0.9 8.559 

2003 0.97 3.411 4 149 5.985 155 185.1 128.09 74.53 4.1199 3.42 8.3908 

2004 9.07 0.154 13.4 109 23.2 109.8 135.9 168.77 44.463 72.118 7.34 4.6589 

2005 0.8 0.381 4.66 120 275.1 90.09 155.8 141.99 186.97 32.247 2.94 1.2171 

2006 1.23 1.861 18.7 175 19.92 173.7 181 148.98 61.12 135.94 2.39 1.9604 

2007 2.48 3.649 8.57 98.9 148.8 219 163.9 90.107 237.31 16.572 3.83 0.388 

2008 0.65 0.395 0.38 27.1 37.74 150.5 192.1 110.96 76.146 68.2 61.1 0.0378 

2009 6.69 2.496 29.7 88.6 36.69 32.96 114.7 112.31 75.689 123.13 6.89 16.637 

2010 1.18 46.19 169 239 357.5 129.8 159.7 221.11 178.1 86.153 1.11 0.2197 

2011 1.16 3.601 16.6 6.91 166.8 158.1 322.6 256.67 246.93 12.212 1.55 0.5613 

2012 0.01 0.012 0.27 83 86.6 143.3 183.8 201.33 223.41 48.022 5.02 0.1305 

2013 0.14 0.544 79.7 88.3 113.2 165.4 227.4 137.06 200.43 104.91 44 0.4824 
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Appendix 4 Flow data used for Tikure Wuha River 1990 -2013 

 

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1990 2.139 2.07 2.953 4.042 3.253 2.441 2.343 2.829 2.943 4.286 3.566 1.909 

1991 1.678 1.506 1.308 1.874 3.262 2.04 2.722 3.357 3.726 4.003 3.219 2.458 

1992 1.594 1.13 1.03 1.149 1.889 2.256 2.572 2.992 4.438 5.081 4.115 2.377 

1993 1.875 1.614 1.364 1.27 2.076 3.312 3.691 3.629 3.934 4.295 3.724 3.412 

1994 2.57 1.47 1.17 1.485 1.804 2.277 2.907 4.133 4.365 3.51 2.964 2.599 

1995 2.323 2.118 1.238 1.741 2.213 2.726 2.93 3.265 3.69 3.835 4.333 4.653 

1996 3.088 1.519 1.88 2.298 -      4.647 4.266 4.275 4.407 4.948 4.435 3.838 

1997 3.158 2.802 2.564 2.305 2.597 2.682 2.49 2.451 2.419 3.098 3.556 3.941 

1998 4.233 4.148 3.071 1.933 2.87 4.315 4.348 3.818 3.918 4.605 4.566 4.488 

1999 4.437 4.027 3.968 3.936 3.819 3.538 3.935 4.118 4.246 4.495 4.189 3.513 

2000 3.079 2.884 1.371 0.007 1.362 2.766 3.163 3.727 3.951 3.73 3.075 2.817 

2001 2.822 2.098 1.889 2.499 3.106 3.603 3.244 3.162 3.341 3.833 4.125 3.664 

2002 3.392 3.041 2.905 3.068 3.377 3.739 3.393 3.16 3.341 3.834 4.125 3.664 

2003 

 

-      -      -      -      -      2.763 2.947 3.218 -      -      -      

2004 -      3.874 3.474 3.099 3.67 4.503 4.485 4.494 4.242 3.823 2.66 1.863 

2005 1.05 1.089 2.865 2.814 3.182 3.682 3.71 4.108 4.521 4.367 3.684 3.328 

2006 3.296 3.192 2.869 2.096 2.006 1.98 2.273 2.793 3.438 4.236 4.245 3.552 

2007 3.374 3.173 2.973 3.093 2.966 3.349 3.711 4.007 4.617 4.672 4.505 4.27 

2008 3.827 3.095 2.83 2.684 2.973 3.016 3.413 3.66 4.07 4.411 4.756 3.899 

2009 3.285 2.949 -      -      -      -      2.609 2.854 2.889 3.014 2.996 3.042 

2010 2.786 1.957 2.114 2.981 3.622 3.22 2.955 3.506 4.29 4.224 3.486 3.143 

2011 3.103 2.885 2.537 2.402 2.606 2.941 3.254 3.436 3.657 4 4.23 4.402 

2012 4.472 3.039 2.587 2.7 3.094 3.602 4.024 4.562 4.141 3.49 3.102 2.876 

2013 2.737 2.654 2.939 3.534 4.06 4.504 4.391 4.468 4.283 3.734 3.108 2.686 
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Appendix 5 Cheleleka wetland photo captured by the author 

 

Appendix 6 Grass land of the study area captured by the author 
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Appendix 7 Simulated annual sediment yield (t/ha) with respect to sub-watershed  

 

sub 

watershed 

1995 2003 2017 

1 3.75 0.03 0.01 

2 0.34 0.32 84.51 

3 16.15 19.7 30.99 

4 2.4 2.78 5.21 

5 2.46 0.05 0.05 

6 18.11 6.97 3.43 

7 0.05 0.05 19.74 

8 0.96 0.98 1.35 

9 2.22 0.06 0.06 

10 0.35 0.05 0.05 

11 0.44 0.64 1.15 

12 0.06 0.05 19.84 

13 1.52 1.06 1.24 

14 1.7 1.73 1.55 

15 0.54 1.21 5.87 

16 3.34 3.36 4.03 

17 1.29 1.13 0.26 

18 22.87 1.01 2.99 

19 0.05 1.01 21.89 

20 0.73 4.49 27.36 

21 0.54 1.75 24.4 

22 3.42 3.42 3.02 

23 2.14 2.14 2.1 

24 24.5 3.42 3.5 

25 1.03 0.98 0.98 

26 1.46 0.99 3.14 

27 1.83 1.83 2.04 

28 1.47 1.44 0.9 
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 Appendix 8 Simulated monthly sediment yield (t/ha) for 1995LULC map 

  

1995 LULC 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

1995 0 0 0 0 0.01 0.05 0 0.02 0 0 0 0 0.08 

1996 0 0 0 0 1.16 0.02 0.04 0.21 0.16 0 0 0 1.59 

1997 0 0 0.04 0.03 0 0.06 1.39 0.43 0 0.12 0.25 0 2.32 

1998 0.06 0 0 0.19 1.79 0.01 0.25 0 0.03 0 0 0 2.33 

1999 0 0 0 0 0 0 0.11 0.01 0 0 0 0 0.12 

2000 0 0 0 0.1 0 0.01 0.05 0.04 0.11 0 0 0 0.31 

2001 0 0 0 0.01 0 0.01 0.07 0.01 0 0 0 0 0.1 

2002 0 0 0 0 0 0 0.02 0.06 0 0 0 0 0.08 

2003 0 0 0 0.04 0 0.01 0 0 0 0 0 0 0.05 

2004 0 0 0 0 0 0 0 0 0 0 0 0 0 

2005 0 0 0 0.18 0 0 0 0 0.02 0 0 0 0.2 

2006 0 0 0.01 0.01 0 0.02 0 0 0 0 0 0 0.04 

2007 0 0 0 0.01 0 0.01 0.12 0 0.01 0 0 0 0.15 

2008 0 0 0 0 0 0 0.15 0 0 0 0 0 0.15 

2009 0 0 0.05 0 0 0 0 0 0 0.01 0 0 0.06 

2010 0 0.02 1.5 0.08 0.01 0 0.06 0.04 0.01 0 0 0 1.72 

2011 0 0 0 0 0.02 0 0.01 0.03 0 0 0 0 0.06 

2012 0 0 0.01 0 0 0 0 0.01 0 0 0 0 0.02 

2013 0 0 0.02 0.16 0 0 0 0 0 0 0 0 0.18 

Average 0.003 0.0011 0.086 0.043 0.157 0.011 0.119 0.045 0.018 0.007 0.013 0 0.50316 
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Appendix 9 Simulated monthly sediment yield (t/ha) for 2003 LULC map 

 

                                                   2003 LULC 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

1995 0 0 0 0 0.02 0.13 0 0.05 0 0 0 0 0.2 

1996 0 0 0 0 1.6 0.04 0.1 0.4 0.26 0 0 0 2.4 

1997 0 0 0.09 0.06 0 0.16 2 0.64 0.01 0.21 0.36 0 3.53 

1998 0.09 0 0 0.36 2.51 0.03 0.61 0.01 0.07 0.01 0 0 3.69 

1999 0 0 0 0 0 0.01 0.31 0.03 0 0 0 0 0.35 

2000 0 0 0 0.25 0 0.04 0.13 0.1 0.21 0 0 0 0.73 

2001 0 0 0 0.04 0 0.01 0.21 0.01 0 0 0 0 0.27 

2002 0 0 0 0 0 0 0.04 0.15 0 0 0 0 0.19 

2003 0 0 0 0.07 0 0.02 0 0 0 0 0 0 0.09 

2004 0 0 0 0 0 0.01 0 0 0 0 0 0 0.01 

2005 0 0 0 0.32 0 0 0.01 0.01 0.05 0 0 0 0.39 

2006 0 0 0.01 0.02 0 0.04 0 0 0 0 0 0 0.07 

2007 0 0 0 0.01 0 0.02 0.24 0 0.01 0 0 0 0.28 

2008 0 0 0 0 0 0 0.26 0 0 0 0 0 0.26 

2009 0 0 0.09 0 0 0 0 0 0 0.03 0 0 0.12 

2010 0 0.02 2.01 0.21 0.03 0 0.17 0.09 0.01 0.01 0 0 2.55 

2011 0 0 0 0 0.04 0 0.02 0.08 0.01 0 0 0 0.15 

2012 0 0 0.02 0 0 0 0 0.01 0 0 0 0 0.03 

2013 0 0 0.03 0.29 0 0 0 0 0 0 0 0 0.32 

AVERAGE 0.00474 0.0011 0.1184 0.0858 0.2211 0.0268 0.21579 0.08316 0.0332 0.0137 0.01895 0 0.822632 
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Appendix 10 Simulated monthly sediment yield (t/ha) 2017 LULC map 

 

                                                  2017 LULC 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

1995 0 0 0 0 0.03 0.31 0 0.12 0 0 0 0 0.46 

1996 0 0 0.01 0 2.15 0.09 0.2 0.78 0.41 0 0 0 3.64 

1997 0 0 0.2 0.14 0 0.38 2.73 0.93 0.02 0.38 0.48 0 5.26 

1998 0.12 0 0 0.73 3.42 0.06 1.54 0.02 0.15 0.02 0 0 6.06 

1999 0 0 0 0.01 0 0.01 0.78 0.06 0 0 0 0 0.86 

2000 0 0 0 0.61 0 0.08 0.31 0.23 0.43 0.01 0 0 1.67 

2001 0 0 0 0.09 0 0.02 0.51 0.03 0 0 0 0 0.65 

2002 0 0 0 0 0 0 0.09 0.35 0 0 0 0 0.44 

2003 0 0 0 0.21 0 0.04 0 0 0 0 0 0 0.25 

2004 0 0 0.01 0 0 0.02 0.01 0 0 0 0 0 0.04 

2005 0 0 0 0.64 0 0 0.01 0.01 0.12 0 0 0 0.78 

2006 0 0 0.03 0.04 0 0.09 0 0 0 0 0 0 0.16 

2007 0 0 0 0.03 0 0.04 0.5 0 0.03 0 0 0 0.6 

2008 0 0 0 0.01 0 0 0.45 0 0 0 0 0 0.46 

2009 0 0 0.25 0 0 0 0 0 0 0.06 0 0 0.31 

2010 0 0.09 2.46 0.5 0.05 0 0.41 0.2 0.03 0.01 0 0 3.75 

2011 0 0 0 0 0.09 0 0.03 0.17 0.01 0 0 0 0.3 

2012 0 0 0.07 0 0 0 0 0.03 0 0 0 0 0.1 

2013 0 0 0.12 0.51 0 0 0 0 0 0 0 0 0.63 

AVERAGE 0.006 0.0047 0.1658 0.185 0.302 0.06 0.3984 0.1542 0.0632 0.0253 0.0253 0 1.390526 

 

 


