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Abstract 

The Impact of Climate Variability and Land Use Land Cover Change on Surface water; 

The Case of Bir-watershed, Upper Blue Nile Basin 

Atnafu Shiferaw 

Addis Ababa University, 2017 

Climate variability and land use land cover change are major environmental problems 

and have significant impact on surface and ground water. This impact can negatively 

affect agricultural production. This study aims to assess the climate variability and land 

use land cover change impact on surface water in Bir watershed of west Gojam, Climate 

variability and land use land cover change impact of surface water in the watershed was 

modeled. The input data were meteorologic, Hydrological, Satellite images and soil data 

which were collected from MoWIE, NMA, and USGS. Finalized land use map, soil data 

with look up table, and properly arranged weather data incorporated in QSWAT. The 

result showed a coefficient of determination (R2) and NS calibration monthly values by 

using a SUFI2 optimization technique were 0.89 and 0.76 respectively. Similarly, for 

validation period 0.82 and 0.72 values respectively. The model result showed that the 

surface run of availability in Bir watershed decreased for the past three decades and 

maximum and minimum temperature increased by 0.7
o
c/decade and 0.84

o
c/decade 

respectively in it with precipitation declined by 5.43mm/decade. The actual land use land 

cover change of the watershed is currently dominated by agriculture land (87.7%). Land 

management interventions are proper options to reduce surface water availability 

problems. Improving crop varieties can be feasible option and further study of ground 

water is necessary. 

Key words: LULC, Surface run off, QSWAT, climate variability, SWAT-CUP, SUFI2 
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1. Introduction 

1.1 Background 

Climate change is a change in the average state of weather, that persist for an extended 

time period, typically decades to centuries or longer and climate variability is the 

fluctuation of weather variables in a specified area. It also refers to the effects of 

persistent anthropogenic or human caused changes in the composition of the atmosphere 

and/or land use, or natural processes, such as volcanic eruptions, and Earth’s orbital 

variations (IPCC, 2007). 

Regardless of future emissions, the world is already committed to further warming, 

largely due to past emissions and inertia in the climate system. The IPCC warns that if 

global society continues to emit greenhouse gases at current rates, the average global 

temperature could rise by 2.6–4.8
o
c by 2100. During this century, temperatures in the 

African continent are likely to rise more quickly than in other land areas, particularly in 

more arid regions. Under a high-emissions scenario average temperatures will rise more 

than 2°C, the threshold set in current international agreements, over most of the continent 

by the middle of the 21st century (IPCC, 2013b). 

Even though Africa has contributed the least to global greenhouse gas emissions, it is 

considered the continent most susceptible to climate change impacts because of large 

proportion of people who live in the sub tropics, a region predicted to be affected by 

increased temperature and reduced precipitation; high dependence of people on natural 

resources, livestock, and agriculture for their livelihoods; extreme poverty in many parts 

of Africa, which makes it difficult for affected people to respond to an increased 

incidence of drought and floods; and degraded state of Africa's natural resources, which 

renders them less resilient to the impact of higher temperatures and lower and more 

variable precipitation (Timm Hoffman and Coleen Vogel, 2008). 

Africa’s recent development gains have been in climate sensitive sectors. Economically, 

many Africans depend for food, fiber and income on primary sectors such as agriculture 

and fisheries, sectors which are affected by rising temperatures, rising sea levels and 

erratic rainfall. The IPCC highlights the key risks to Africa of climate change as being 
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stress on water resources, reduced crop productivity, and changes in the incidence and 

geographic range of vector- and water-borne diseases.“Each of the last three decades has 

been successively warmer at the Earth’s surface than any preceding decade since 

1850.”(IPCC, 2013b). 

 

The IPCC has reported that land surface temperatures across most of Africa have 

increased by 0.5°C or more during the last 50–100 years. There is strong evidence that 

observed temperature increases exceed natural climate variability and have been 

influenced by greenhouse gas emissions due to human influence.The equatorial and 

southern parts of eastern Africa have experienced a significant increase in temperature 

since the early 1980s. Seasonal average temperatures have also risen in many parts of 

eastern Africa in the last 50 years. Droughts and storms have been more frequent in 

eastern Africa in the last 30–60 years. Continued warming in the Indian Ocean has been 

shown to contribute to more frequent East African spring and summer droughts over the 

past 30 years (IPCC, 2013b). 

 

Climate change aggravates water stress currently faced by some countries, while some 

countries that currently do not experience water stress will become at risk of water stress. 

Climate change and variability are likely to impose additional pressures on water 

availability, water accessibility and water demand in Africa. Even without climate 

change, several countries in Africa, particularly in northern Africa, will exceed the limits 

of their economically usable land-based water resources before 2025. About 25% of 

Africa’s population (about 200 million people) currently experience high water stress. 

The population at risk of increased water stress in Africa is projected to be between 75-

250 million and 350-600 million people by the 2020s and 2050s, respectively(IPCC 

,2007b). 
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Water resources are key elements for the development of Ethiopia. One can easily 

understand that “water-centered development” is the key for growth of the country. The 

growth and transformation plan (GTP) also considers and targets to enhance the use of 

the country’s water resources. It gives priority for the expansion of small-, medium-, and 

large-scale irrigation to the extent  possible, hydropower developments to satisfy the 

energy demand of the upcoming industries and then the water supply and sanitation 

system for the satisfaction of the inhabitants that will help to cope the challenges of 

climate change (Belete Berhanu et al., 2014). 

The upper Blue Nile basin mainly covering parts of the highlands in Ethiopia has been 

characterized as one of the most degraded with natural and human induced processes. 

The basin faces environmental and natural resources degradation attributed to 

anthropogenic (forest degradation, poor or no watershed management practices, 

overgrazing, poor agricultural water and soil conservation practices and others) and 

climate-change induced (droughts, unpredictability of rainfall volume and distribution, 

increased temperature leading to alterations in ecosystem structure). About 66% of the 

area of this densely populated basin falls in the highlands, and hence, receives fairly high 

levels of rainfall (800–2200 mm). This volume of rainfall has a higher spatiotemporal 

variability leading to higher moisture stress and complete crop failures in certain years 

(Hassen et al., 2016). 

Studies have shown that the river system has shown a fluctuation of seasonal and annual 

flows, and in some watersheds a decline in dry season flows. This is mainly driven by 

impacts of the erratic and unpredicted changes in climate variables and undesirable 

changes in land-use on hydrological and hydraulically sensitive segments of the river 

system((Assefa M. Melesse  et al., 2009).This author added Ecological stress on the 

natural resources such as vegetation, soil and water is significant from the ever-increasing 

demand for tillable land by the increasing population and also from lack of watershed 

management. Given the trend in demand for resources (water, land, fire-wood, etc.), 

extreme climatic events and climate change will make sustenance challenging. 
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Land-use patterns are changing fast in most of the tropical nations in relation to the 

human population growth and related impacts. Majority of the rural population in 

Ethiopia depends on agriculture, and hence the land-use changes during the past couple 

of decades in rural Ethiopia are mostly linked to agricultural developments(Shegena 

Zewduet al.,2014). 

Significant land-cover changes have occurred in Ethiopia since the last century(Shegena 

Zewdu et al.,2014).These scholars explained these changes were primarily due to 

anthropogenic activities, in connection with the population increase, which forced people 

to clear forest for cultivation and other activities. Accurate information on land-cover 

changes and the forces behind are essential for designing sound environmental programs 

and management activities. Land-cover analysis provides the baseline data required for 

proper understanding on the land-use patterns in the past and its impacts. Studies on land-

cover changes also yield valuable information for analysis of effects of climate change 

and environmental impacts of human activities. Such information is of great use for 

resource managers to help in resolving conflicts between human use of natural resources 

and sustainability of natural habitats and ecosystems. It also helps to understand the trend 

of the past land-cover changes, and the physical and socio-economic factors behind. 

Land use land cover change has been responsible for altering the hydrologic response of 

watersheds leading to impacting river flows. The factors affecting hydrologic processes 

include land-use change, climate change, and others. Land-use changes attributable to 

anthropogenic or natural causes, such as urbanization, logging, grazing, and soil erosion, 

can significantly influence the hydrologic processes within a basin through its effect on 

evapo-transpiration (ET), infiltration, and interception, thus altering the magnitude and 

timing of evaporative losses to the atmosphere, surface runoff, and base flow in a 

watershed. For instance, deforestation, which can reduce ET and canopy interception, 

changing the components of the surface water balance in ways that tend to increase 

runoff and stream flow(Yangyang et al., 2013). Same author stated climate change 

caused by long-period oscillations in forcing of the hydrologic cycle, greenhouse gas 

emissions, and other human activities over the past century severely affect various 

components of the hydrologic cycle and long-term water availability, prevalence of 



 

5 
 

droughts and floods, and water resources management. In this study area there is a 

scarcity of surface water availability and fluctuation of climate variables for the local 

community which supports agricultural production in the rain (dominantly rain-

fed agriculture dependent) and in dry seasons (irrigation supported area). Therefore, how 

climate variability/change and land use land cover change affect surface water 

availability is a basic issue and Bir watershed, which is inscribed in the Upper Blue Nile 

basin is the focus of this thesis. 

The thesis structured in five subsections. The first section provides the brief introduction 

of the study, a statement of the problem and objective of the research. Second section 

focuses literature review of previous study in related topics. Descriptions of the study 

area were included in methodology in section three. Section four present result and 

discussion. Fifth section deals conclusion and recommendations. 
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1.2 Statement of the problem 

Water is vital for life but its availability, distribution, and quality has been declining over 

time with population increase, climate change, and merging new demands and driven by 

economic and population growth. A large area of the globe is water-stressed. The most 

famous transboundary river for Africa and service for over 238 million people in its basin 

of 11 countries is river Nile (Assefa M. Melesse et al., 2014). 

Water stress is one of several current and future critical issues facing Africa. About 25% 

of the contemporary African population experience water stress. Water supplies from 

rivers, lakes and rainfall are characterized by their unequal natural, geographical 

distribution and accessibility, and unsustainable water use. Climate change has the 

potential to impose additional pressures on water availability and accessibility 

(IPCC,2007). 

The flows from tributaries of Blue Nile River, a source of 62% of the Nile flow, 82% 

with Sobat (Baro-Akobo) and Atbara (Tekeze-Setit), has been declining due to 

population pressure in hydrologically sensitive areas, headwater contraction, land 

degradation as well as changes in rainfall regimes (quantity, timing, and distribution). 

The decline in the supply and the ever   increasing demand of water in the basin calls for 

a new formula for water sharing as well as a collaborative effort to enhance water supply 

through watershed protection and management (Assefa M. Melesse et al., 2014). 

Climate risk is a characteristic feature of Ethiopian agriculture, particularly in drought 

prone areas. Agriculture is the mainstay of Ethiopian economy, which contributes for 

about 49% of Ethiopian GDP (Gross Domestic Product), generates more than 80% of the 

foreign exchange, and employs about 80% of the population (CSA, 2014). 

Ethiopian GDP is highly sensitive to variability of rainfall over time and space. Despite 

high contribution to the overall economy, agriculture in Ethiopia is challenged by many 

organizational, climatic and edaphic factors, of which climate related catastrophes such 

as drought, floods and irregularities in seasonal rainfall amount and distributions are the 

major ones (Suryabhagavan,2016). 
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Plentiful evidences indicate that rainfall and temperature affect crop productivity; as a 

result, farmers devised an irrigation as local adaptation measure (IPCC, 2007). 

According to (Assefa M. Melesse et al., 2014),Blue Nile Basin, where Bir-watershed 

included in it is one of basins known by its rapid land use land cover change, climate 

variability/ change and densely population which require great attention for appropriate 

decision making. Particularly Bir watershed, which is inscribed in this basin has high 

potential and surplus production using irrigation. The local community livelihood is 

mainly dependent on rain fed agriculture. Land use, land cover rapidly changed due to 

different factors; at the same time climate variability at the locality and temperate region 

changed. Consistent surface water availability to support irrigation decreases through 

time and conflict increased within local community due to scarcity of surface water and 

high irrigation water demand which is a serious problem that requires attention to future 

planning. 

Therefore, identifying climate variability and trend and land use land cover change 

impacts on surface water availability in Bir watershed is crucial for future appropriate 

decision making to improve the study watershed. 

 

 

 

 

 

 

 

 

 

 



 

8 
 

1.3 Objectives 

1.3.1   General objective 

The main objective of this study was to examine climate variability and trends in the past 

decades as well as the land use land cover change in the study watershed to assess the 

impact of such changes on surface water availability and to generate relevant 

recommendations for informed decision makers in managing the watershed. 

1.3.2 Specific objectives 

The specific objectives of the study were: 

To analyze the trends of land use, land cover, change in the past decades 

To examine climate variability and change trends in the study watershed for three 

decades 

To model the impacts of land use, land cover, change in surface water flow in the study 

area 

To analyze the impact of climate variability and trends on surface water flow 

of Bir watershed 
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2. Literature review 

2.1 Climate change 

Climate change has become one of the most serious global and environmental concern to 

global country. Its direct impact becomes critical for water resource development and 

indirectly for agricultural production, environmental quality, economic development, 

social well-being. The impacts of climate change on the hydrological cycle in general and 

on water resources in particular are of high significance due to the fact that all natural and 

socio/economic system critically depend on water. The direct impact of climate change 

can be variation and changing pattern of water resources availability and hydrological 

extreme events such as floods and droughts, with many indirect effects on agriculture, 

food and energy production and overall water infrastructure (Dagnenet Fenta et al.,2016). 

In recent decades, changes in climate have caused impacts on natural and human systems 

on all continents and across the oceans. Impacts are due to observed climate change, 

irrespective of its cause, indicating the sensitivity of natural and human systems to 

changing climate. Evidence of observed climate change impacts is strongest and most 

comprehensive for natural systems. In many regions, changing precipitation or melting 

snow and ice are altering hydrological systems, affecting water resources in terms of 

quantity and quality. Many terrestrial, freshwater and marine species have shifted their 

geographic ranges, seasonal activities, migration patterns, abundances and species 

interactions in response to ongoing climate change. Some impacts on human systems 

have also been attributed to climate change, with a major or minor contribution of climate 

change distinguishable from other influences(IPCC, 2014). 

According to the AR4 report of (IPCC), the Earth’s temperature will increase with an 

average of 1.8–4°C by the end of this century. This will produce changes in precipitation, 

water level of the oceans, snow budget, and water resources. While lakes only cover an 

area of less than 1% of the Earth, their existence greatly affects the local and regional 

water cycle and ecosystem. 

Total emissions have continued to rise since 1970, with larger absolute increases between 

2000 and 2010. Globally, the majority of greenhouse gas emissions due to human 
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activities have come from a small number of countries – though the number is increasing. 

The IPCC warns that if global society continues to emit greenhouse gases at current rates 

and in the absence of robust climate mitigation policies, the average global temperature 

could rise by 2.6–4.8o C by 2100. The implication of this scenario is that climate change 

will create new risks and amplify existing risks for human and natural systems, further 

challenging food, livelihoods and human security, and wellbeing (IPCC 2013a). 

Africa is one of the most vulnerable continents to climate change and climate variability, 

a situation aggravated by the interaction of ‘multiple stresses’, occurring at various levels, 

and low adaptive capacity. Its major economic sectors are vulnerable to current climate 

sensitivity, with huge economic impacts, and this vulnerability is exacerbated by existing 

developmental challenges such as endemic poverty, complex governance and institutional 

dimensions; limited access to capital, including markets, infrastructure and technology; 

ecosystem degradation; and complex disasters and conflicts. These in turn have 

contributed to Africa’s weak adaptive capacity, increasing the continent’s vulnerability to 

projected climate change(IPCC, 2007b). 

Climate variability plays a great role in agricultural production having a direct impact 

from the start of land preparation to the final harvest. Rainfall in particular is a critical 

climatic element. While non-climatic factors like availability and access to farm inputs, 

land quality, tenure security, infrastructure, market and policy can be managed by 

farmers or the government in the short- or long-term, little could actually be done to 

drastically change the influence of climate, particularly rainfall that rainfall has always 

dictated how land is used and plays a dominant role in agriculture exerting a direct 

impact on production and spatial distribution of crops. In countries like Ethiopia where 

agriculture is dependent on rainfall, the influence of climate variability on crop 

production is generally large. Previous studies have shown that variability in Ethiopia's 

agricultural GDP is clearly correlated with rainfall variability(Alemayehu et al.,2016). 

These authors also note that the characteristics of the main rainy season (June – 

September, known as Kiremt) rainfall are the most important determinants for 

agricultural activity from the perspective of its amount and geographical coverage. On 
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the other hand, the frequent droughts in the past 30 years were caused by shortages of 

rainfall. 

Projections for medium- to high emissions scenarios indicate that maximum and 

minimum temperatures over equatorial East Africa will rise and that there will be warmer 

days compared to the baseline by the middle and end of this century. Climate models 

show warming in all four seasons over Ethiopia, which may result in more frequent heat 

waves. Projections indicate shorter spring rains in the mid-21st century for Ethiopia, 

Somalia, Tanzania (IPCC, 2013a). 

2.1.2   Climate change and Water resource 

“Extreme precipitation changes over Eastern Africa such as droughts and heavy rainfall 

have been experienced more frequently during the last 30– 60 years.” Risks are unevenly 

distributed and are generally greater for disadvantaged people and communities in 

countries at all levels of development.“In Africa, climate change will amplify existing 

stress on water availability and on agricultural systems, particularly in semiarid 

environments” (IPCC, 2013a). 

Societies are facing major challenges in allocating water resources to growing water 

demands due to population growth and industrial and agricultural developments. With 

increasing water scarcity, the need to increase agricultural water productivity is receiving 

significant attention in developing countries. Because climate change is likely to have 

impact on the hydrological cycle and consequently on the available water resources and 

agricultural water demand, there are concerns about the effects of climate change on 

agricultural productivity. Considering climate change impacts, in order to optimize 

agricultural productivity, practical frameworks and models based on comprehensive 

researches and studies need to be developed (Mohammad Karamouz et al., 2013). 

New studies confirm that Africa is one of the most vulnerable continents to climate 

variability and change because of multiple stresses and low adaptive capacity. Some 

adaptation to current climate variability is taking place; however, this may be insufficient 

for future changes in climate (IPCC, 2007a). 
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In Africa, by 2020, between 75 million and 250 million people are projected to be 

exposed to increased water stress due to climate change. If coupled with increased 

demand, this will adversely affect livelihoods and exacerbate water-related 

problems(IPCC, 2007a). 

Agricultural production, including access to food, in many African countries and regions 

is projected to be severely compromised by climate variability and change. The area 

suitable for agriculture, the length of growing seasons and yield potential, particularly 

along the margins of semi-arid and arid areas, are expected to decrease. This would 

further adversely affect food security and exacerbate malnutrition in the continent. In 

some countries, yields from rain-fed agriculture could be reduced by up to 50% by 

2020(IPCC, 2007a). 

Increasing water scarcity and competition for water resources from different sectors drive 

the need to improve crop productivity to ensure adequate food for current and future 

development stages relying on uncertain water availability for agriculture. With respect to 

the relations between the hydrological cycle and the climate system, every change on the 

climate could affect parameters such as precipitation, temperature, runoff, streamflow, 

groundwater level, and consequently agricultural, industrial, and domestic water 

consumption and demands. Water resources planning should react to these changes in 

order to better respond to future public needs and expectations(Mohammad Karamouz et 

al., 2013). 

The equatorial and southern parts of eastern Africa have experienced a significant 

increase in temperature since the early 1980s. Seasonal average temperatures have also 

risen in many parts of eastern Africa in the last 50 years. Rainfall in eastern Africa is very 

variable in time and space. There is a lack of evidence about trends in extreme 

temperature, extreme rainfall and drought in East Africa.However, droughts and storms 

have been more frequent in eastern Africa in the last 30–60 years(IPCC,2013b). 

Increasing water scarcity and competition for water resources from different sectors drive 

the need to improve crop productivity to ensure adequate food for current and future 
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development stages relying on uncertain water availability for agriculture. This can be 

achieved because available information indicates that there is a wide gap between actual 

and attainable crop water productivity(Mohammad Karamouz et al., 2013). 

The issue of climate change has surfaced as a potential impediment to effective long-

range policies and management of water resources. Sustainable water yields may or may 

not be reduced in the long-term average, they will almost certainly be less reliable in the 

short term. Climate change challenges existing water resources management practices by 

adding uncertainty. This will be an especially troubling issue for trans boundary water 

sharing agreements(Draper et al., 2007). 

Ethiopia has a diversified climate ranging from semi-arid desert type in the lowlands to 

humid and warm (temperate) type in the southwest and also described high inter and 

intra-annual rainfall variability in Ethiopia. The mean annual rainfall of Ethiopia ranges 

from 141mm in the arid area of eastern and northeastern borders of the country to 

2,275mm in the southwestern highlands. The complex topographical and geographical 

features of the country have a strong impact on these spatial variations of climate and 

different rainfall regimes in Ethiopia. The climate in Ethiopia is geographically quite 

diverse, due to its equatorial positioning and varied topography. The climatic condition of 

the country is traditionally classified into five climatic zones based on the altitude and 

temperature variation. It ranges from the high cold area named as “wurch” to the highly 

hot climatic condition area known as “Berha” (Belete Berhanuet al., 2014). 

Agricultural is the mainstay of Ethiopian economy, which contributes for about 49% of 

Ethiopian GDP (Gross Domestic Product), generates more than 80% of the foreign 

exchange, and employs about 80% of the population (CSA, 2014). Ethiopian GDP is 

highly sensitive to variability of rainfall over time and space. Despite high contribution to 

the overall economy, agriculture in Ethiopia is challenged by many organizational, 

climatic and edaphic factors, of which climate related catastrophes such as drought, 

floods and irregularities in seasonal rainfall amount and distributions are the major ones. 

Despite of remarkable advancements in agricultural research in the past climate remains 
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as one of the critical factors challenging crop production in semi-arid regions of Ethiopia 

(Suryabhagavan,2016). 

2.1.3   Land use land cover change and hydrologic cycle 

Land Use and Land Cover Changes (LUCC) is the shift in intent and/or management 

constitutes land use and land cover. LUCC can be classified into land use and land cover 

conversions, and land use and land cover modification. Conversion refers to change from 

one cover or use type to another, as is the case in agricultural expansion, deforestation, or 

change in urban extent. Land use and land cover modification, on the other hand, 

involves the maintenance of broad cover or use type in the face of change in its attributes. 

Both conversion and modifications of land use and land cover have important 

environmental consequences through their impacts on soil and water, biodiversity, and 

microclimate, hence, contribute to watershed degradation Stolbovoi, 2002; Lambin et al., 

2003 cited in (Kassa Tadele Mengistu 2009). 

Hydrological processes at the catchment scale are no longer stationary when the changes 

taking place in the catchment are highly variable in nature. The water balance is 

significantly influenced by land cover pattern via its effect on transpiration, interception, 

evaporation, and infiltration. The transformation of earth’s land surface has many 

consequences for biophysical and ecological system in terms of alteration in stream flow 

pattern, global atmospheric circulation, and extinction of living species. The rapid 

increase in population has led to change in land use in terms of deforestation aimed at 

improving agricultural production. In a number of semi-arid regions, this has resulted in 

land degradation due to soil erosion, reduced productivity, and problem of drought 

(Dwarakish et al., 2015). 

Land use land cover change has been responsible for altering the hydrologic response of 

watersheds leading to impacting river flows. The factors affecting hydrologic processes 

include land-use change, climate change, and others. Land-use changes attributable to 

anthropogenic or natural causes, such as urbanization, logging, grazing, and soil erosion, 

can affect the hydrologic processes within a basin through its effect on evapotranspiration 

(ET), infiltration, and interception, thus altering the magnitude and timing of evaporative 
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losses to the atmosphere, surface runoff, and base flow in a watershed.  For instance, 

deforestation, tends to reduce ET and canopy interception, changing the components of 

the surface water balance in ways that tend to increase runoff and stream flow. 

Urbanization often yields more surface runoff and peak discharge in a short duration 

because the increased impervious surface reduces infiltration and time of 

concentration(Yangyang Liu1 et al., 2013). 

Land-use patterns are changing fast in most of the tropical nations in relation to the 

human population growth and related impacts. Majority of the rural population in 

Ethiopia depends on agriculture, and hence the land-use changes during the past couple 

of decades in rural Ethiopia are mostly linked to agricultural developments (Shegena 

Zewduet al., 2014). These authors also noted that significant land-cover changes have 

occurred in Ethiopia since the last century. These changes were primarily due to 

anthropogenic activities, in connection with the population increase, which forced people 

to clear forest for cultivation and other activities. 

The main effects of land use changes on the water cycle are changes in 

evapotranspiration (ET), changes in the soil’s ability to hold water and changes in the 

abilities of vegetation to intercept precipitation. In addition, land use change extensively 

modifies the pathway and the surface roughness and then affects the timing of runoff, 

which leads to changes in the river flow (for example, flood peak appearance time and 

volume (Tao Zhang,et al.,2014). 

2.1.4 Types of hydrological models 

Hydrological models are simplified systems to quantify the process of the hydrological 

cycle in an entire river basin or parts of it(Lastoria,2008). They use mathematical 

expressions to convert hydrological processes into quantitative forms. Limitations of 

hydrological measurement techniques are the main reason why we need modeling. 

Hydrological models are used to evaluate the potential impact of climate change on water 

resource (S.L.Neitsch,et al.,2009). 
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Without going into too much detail, hydrological models can be classified into three main 

categories(Cunderlik, et al., 2003).This author explained about models as below: 

1. Lumped models-parameters of lumped hydrological models do not vary spatially 

within the basin and thus, basin response is evaluated only at the outlet, without explicitly 

accounting for the response of individual sub basins. Parameters of lumped models often 

do not represent physical features of hydrologic processes and involve certain degree of 

empiricism and such models include, SRM,WATBAL,etc) 

2. Semi-distributed model-parameters of semi distributed (simplified distributed) models 

are partially allowed to vary in space by dividing the basin into a number of smaller sub 

basins. There are two main types of semi distributed models: 1) Kinmatic wave theory 

model (KW models, such as HEC-HMS) and 2) probability distributed models (PD 

models, such as (SWAT,SWMM,TOPMODEL,etc). 

3. Distributed model-parameters of distributed models are fully allowed to vary in space 

at a resolution usually chosen by the user. Distributed model approach attempts to 

incorporate data concerning the spatial distribution of parameter variations together with 

computational algorithms to evaluate the influence of the distribution on simulated 

precipitation-runoff behavior. Distributed models generally require large amounts of data 

for parameterization in the grid cell(HYDROTEL,WATFLOOD,etc). 

 

On the basis of spatial description, hydrological models classified into three main 

categories: lumped models, semi distributed models and distributed models. Lumped 

models treat the catchment as a single unit and taking no account spatial variability of 

parameters and basin response is evaluated only at the outlet and it is characterized by 

simple structure minimum data requirement and simple to use. Semi distributed models 

partially allowed the spatial variation of parameters by dividing the basin into a number 

of sub basins. It is more physically-based than lumped models and less demanding on 

input data than fully distributed model. Distributed models fully allowed the spatial 

variation of parameters by dividing the basin into a number of smaller areas, physical 

processes   modeled in details with a higher degree of accuracy and widely used in impact 

analysis(S.L.Neitsch,et al.,2009). 
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Model Selection Criteria 

(Cunderlik, et al., 2003), indicated there are many criteria for choosing the “right” 

hydrological model.These criteria are always project dependent.Among the various 

project dependent selection criteria, the following four are common fundamental ones. 

1.Required model outputs important to the project and therefore to be estimated by the 

model (does the model predict the required variable such as peak flow, event volume and 

hydrograph long time sequence of flow? 

2.Hydrologic processes that need to be modeled to estimate the desired output adequately 

(Is the model capable of simulating regulated reservoir operation snow accumulation) 

3.Availability of input data (can all inputs required by the model be provided within the 

time and cost constraints?). 

4.Price (does the investment appear to be worthwhile for the objective of the 

project?).For this study, SWAT model selected based on the above characteristics and 

selection criteria. 
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3. Materials and Methods 

3.1 Description of the study area 

3.1.1 Location 

Birr-Adama Watershed is one of the watersheds originating at the southern part of 

Adama Mountain. When some travels from Addis Ababa to Bahir Dar the main asphalt 

road crossed the watershed from Denbecha to Bure and Finoteselam town is 

centering its about 384km from Addis Ababa. The geographical location of the watershed 

is between 283472.82m to 356665.5m E longitude, and 1141997.5m to 1229137.5m 

N latitude, altitude ranges from 984m to 3519masl. It is named after its major river, Birr 

& the mountain, Adama. 

The watershed covers a huge area of 306,000 ha extending from Adama Mountain to the 

junction Point of Temcha River which ultimately goes to the Blue Nile River. A number 

of tributary rivers join Birr River, like Talia River. The area includes 91% of Jabi 

Tehnan, 76% of Dembecha, 51% of Sekela, 45% of Quarit, 44% of Burrie and 39% of 

Dega Damot Woredas (MoWR, 1995). From the total catchment area about 133,000 ha is 

under rain-fed agriculture and about 5000 ha is cropped under small scale irrigation 

(MoWR, 1995). 

The River crosses bench mark sites established at Gebezemariam, Genet, Jiga and Birr 

State Farm. In the watershed, the total population is 284 000 people and the main 

livelihood is rain-fed agriculture. The area has unimodal rainfall pattern. The major crops 

grown in the area are barley, potatoes, wheat, faba beans, field pea, Teff, Maize, Niger 

seed, chickpea. The livestock population is 457 000 cattle, 174 000 goats, and 77 000 

equines grazing grasses, shrubs and trees growing in area (MoWR, 1995). 
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Figure 1.Location of Bir watershed 

3.1.2 Elevation 

The elevation features of Bir-watershed vary between the highlands in the north and 

western part of the watershed and the lowlands in the southern part of it with altitude 

ranging from 984m to 3519 meters above sea level. 

 

Figure 2. Elevation map of Bir watershed 
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3.1.3 Climate 

The climate of Ethiopia is mainly controlled by seasonal migration of Intertropical 

Convergence Zone (ITCZ) and its associated atmospheric circulation but the topography 

has also an effect on the local climate. The traditional climate classification of the 

country is based on altitude and temperature shows the presence of five climatic zones 

namely: Wurch (cold climate at more than 3000 m altitude), Dega (temperate like 

climate-highland with 2500-3000 m altitude), Woina Dega (warm 1500-2500m altitude), 

Kola (hot and arid type, less than 1500 m in altitude), and Berha (hot and hyper-arid type) 

climate (NMSA, 2001). According to this classification, the majority part of 

the birdwatershed falls in Woina Dega and Kola climate, however, a small part of study 

area falls in Dega Zone. The climate of Bir watershed is dominated by an altitude ranging 

from 984m to more than 3500m. 

Seasonal rainfall in Ethiopia is driven mainly by the migration of the ITCZ, tropical 

upper easterlies, and local convergence in the Red Sea coastal region and exact position 

of the ITCZ changes over the course of the year, oscillating across the equator from its 

northernmost position over northern Ethiopia in July and August, to its southernmost 

position over southern Kenya in January and February lead the inter annual variability of 

rainfall in the country(Belete Berhanuet al., 2014). 

The climate in the Upper Blue Nile river basin varies from humid to semi-arid and it is 

mainly dominated by latitude and altitude. The influence of these factors determines a 

rich variety of local climates, ranging from hot and arid along the Ethiopia-Sudan border 

to temperate at the highlands and even humid-cold at the mountain peaks in Ethiopia. 

 

According to the present study, the mean annual temperature ranges from 13 
o
C in south 

eastern parts to 26 
o
C in the lower areas of the south-western part for the period 1995–

2004. The Ethiopian National Meteorological Services Agency (ENMA) defines three 

seasons in Ethiopia: rainy season (June to September), dry season (October to January) 

and short rainy season (February to May). The short rains, originating from the Indian 

Ocean, are brought by south-east winds, while the heavy rains in the wet season originate 

mainly from the Atlantic Ocean and are related to south-west winds (S. Tekleabet al., 

2011). These authors stated that rainfall in the basin has a mono-modal pattern. Annual 
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rainfall values constructed from eleven gauges range between 1148–1757mmyr−1 during 

the period 1900–1998 has a mean value of 1421mmyr−1 and 70% of it concentrates 

between June and September. 

a.Rainfall Distribution 

The monthly average of rainfall observed in Bir watershed ranging from 0mm to 25.4mm 

and 0mm to 18.8mm in Laybir and Denbecha stations respectively. 

b.Temperature  

The highest temperature observed in the southern part of the watershed maximum 

temperature ranging from18
o
c to 34.5

o
c and 14.9

o
c to 30.04oc; and minimum temperature 

observed ranging from 9.55
o
c to 16.76 and 9

o
c to 16

o
c in Laybir and Denbecha stations 

respectively. 

 

Figure 3. Decadal monthly maximum, minimum temperature and precipitation of Laybir 

station 

 

Figure 4.Decadal monthly maximum, minimum temperature and precipitation of 

Denbecha station. 
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3.1.4Soil 

Soil data were obtained from MoWIE of Ethiopia to identify the soil types in the study 

watershed. The dominant soil types identified in the watershed are Nitosol followed by 

Eutric Vertisol and Eutric Leptosol (71.92%), (22.5%) and (5.58%) respectively. Similar 

studies soil types in the nearby Tana sub watershed within Bir watershed shares some 

part of similar path and row of the satellite image. 

The dominant land cover in the Tana sub watershed under the Upper Blue Nile 

basin is rain-fed agriculture, i.e. cropland (26 %) and grassland (25 %). Wood and shrub 

land are minor compared to the other land cover types. The soil type in the basin is 

dominated by Vertisol and Nitisol types (53 %). The Nitisols are deep non- swelling clay 

soils with favorable physical properties like drainage, workability and structure, while the 

Vertisols are characterized by swelling clay minerals with more unfavorable conditions 

(S. Tekleabet al., 2011). 

3.1.5Land use,land cover 

The land use, land cover of Bir watershed, which lie under Upper Blue Nile basin, is 

characterized by cultivating land, grazing land, Forest lands, shrub land and settlement 

and water body after satellite image processing and classification. The current land use 

and land cover change class analysis show various classes are heading using their 

respective initial years of comparison as the base and the study area is dominated by 

cultivation, shrub and forest land (87.7%, 5.9% and 5.1%) respectively. 

3.1.6Hydrology 

Bir river is originating at the southern part of Adama Mountain, where Bir Adama 

watershed located. It takes its name from the major river, Birr & the mountain, Adama. 

The watershed covers a huge area of 311,100 ha extending from the Adama Mountain to 

the junction Point of Temcha River which ultimately goes to the Blue Nile River. A 

number of tributary rivers join Birr River, like Talia River, Lah, Guys a, Yisir (MoWR, 

1995). 
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3.2. Materials and Input Data 

The input data used in the required for model includes satellite images, Digital Elevation 

Model (DEM), soil data, hydrologic data and Meteorological data. ArcMap 10.5,ERDAS 

IMAGIN, 2014, QSWAT v1. 4 and SWAT-CUP software were used. 

3.2.1 Satellite images data 

Landsat satellite images of 1986, 2001 and 2017 similar path and rows of 1986 and 2001 

and different path and row for 2017 were downloaded from the United States Geological 

Survey (USGS) used to analyze temporal changes in the Bir-watershed. 

Satellite data were used to assess the trends of land use land cover change (LULC) in the 

watershed and only1986 and 2017 LULC maps were used to assess the impact of LULC 

on hydrology through incorporating it to Soil and Water Assessment Tool (SWAT) as an 

input to see the influence on hydrology in the water balance of the model. These images 

included Thematic Mapper imaging (TM) for 1986, and Enhanced Thematic Mapper 

imaging (ETM) for 2001. The 2017 LULC map was developed from Sentinel_2 satellite 

images, which were obtained from USGS dataset. The LULC map of the study area was 

developed in the years 1986, 2001, and 2017. The satellite images were selected based on 

availability and cloud-cover percentage. All Landsat images were accessed free of charge 

from (USGS). 

TM data from Landsat 5, on February 1986, ETM, data from Landsat 7, on   February 

2001, data from Sentinel_2, on February 2017 respectively, were used in this research for 

the investigation of land use change for the past decades. The image was acquired in the 

same month in order to minimize the impacts of seasonal differences of vegetation. 
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   Table 1.Details of satellite images. 

Satellite id 

 

Sensor id 

 

Path/row Acquisition date Resolution 

Landsat5 "TM" 169/052 1986-01-12 

 

 

30mX30m  " 169/053 

 " 170/052 1986-02-20 

  " 170/053 

Landsat7 "ETMʺ" 169/052 2001-02-14 

  " 169/053 

 " 170/052 2001-02-05 

  " 170/053 

Sentinel_2 S-2A T37PBM 2017-02 11T07:50:31.026Z 10mx10m 

   T37PBN 2017-02-11T07:50:31.026Z 

  T37PCM 2017-02-11T07:50:31.026Z 

  T37PCN 2017-02-11T07:50:31.026Z 

3.2.2 Soil data 

Soil data are obtained from Ministry of Water Irrigation and Electricity (MoWIE) to 

identify soil types in the study area. 

3.2.3. Hydrological data 

Daily river discharge data and sediment load (1970-2006) of Birr River was obtained 

from the MoWIE and it was used for performing sensitivity analysis, calibration and 

validation of the model. 

3.2.4. Digital elevation model (DEM) data 

DEM with 90m resolution was obtained from MoWIE which used to delineate the Birr 

watershed from which stream network, slope and altitude automatically generated. 

3.2.5  Meteorological data 

The SWAT model requires extended period daily meteorological data that could either be 

read from a measured data set or be generated by a weather generator model which 

include precipitation, maximum and minimum air temperature, solar radiation, wind 

speed and relative humidity and arranged for simulating the hydrologic process. 

Meteorological data for three stations (Lay Birr, edit, and Dembecha) were collected 
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from the National Meteorological Agency (NMA) of Ethiopia. In Bir watershed, there are 

six stations which started less than ten years and only two before ten years, 

namely Laybir(class1) and Denbecha (class 3). For this study, only these two stations 

used in the watershed and a nearby adultstation (class1) closest to the watershed used as 

input data. 

3.3  Land use land cover analysis 

3.3.1  Satellite image analysis 

All the scenes already Geo-referenced to the Universal Transverse Mercator (UTM) map 

projection (Zone 37), WGS 84 datum. All preprocessing and image classification was 

conducted using ERDAS Imagine, 2014 and ArcMap 10.5 software. 

False-color composites were used to improve visual interpretation of satellite images and 

facilitate identification of LULC features. Signature was determined, and areas of 

cultivated land with different soil colors were classified as independent classes during the 

preliminary unsupervised classification to decide the number of land use types to classify 

in the watershed. Ground control points collected from the study area to confirm was 

whether the classified land use type correct or not. The pre-processed satellite images 

were then classified using the Maximum Likelihood algorithm to identify grazing, 

cultivated land, shrub, forest and settlement, water. Before assessing classification, 

accuracy and creating thematic maps derived from 1986 (TM), 2001 (ETM) and 

2017 (sentinel_2) imageries, classified images were post-processed by applying a 

majority filter and combining classes. 

 

 

 

 

 

 

 



 

26 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Steps of satellite image processing and LULC classification of Bir watershed 
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Figure 6: Different types of raw image of the study watershed in 1986, 2001 and 2017. 

Land use data is prepared from satellite images to run the model and of land use land 

cover change analysis purposes to understand its change in the past decades. This 

involves all required images preprocessing procedures starting from downloading to 

classification and accuracy assessment. The land use data are directly incorporated QGIS 

interface in SWAT (QSWAT) Version 1.4 in the tiff-format with the Create Hydrological 

Responsive Unit (HRUs) button, in which the lookup table is prepared and saved in the 

Comma Separated Value (CSV) format of excel as shown in the table below. 

Table 2.Land use lookup table 

Land use ID SWAT CODE Land use name 

1 URBN settlement 

2 WATR Water body 

3 FRST Forest 

4 SHRB Shrub land 

5 AGRL Agriculture 

6 GRAS Grazing land 
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3.4 Soil data 

Soil data were obtained from MoWIE of Ethiopia to identify the soil types in the study 

watershed. The dominant soil types identified using ArcMap10.5 software from MOWIE 

and FAO soil map were Nitosol followed by Eutric vertical and Eutric Leptosol, 

respectively. It was also identified by its textural class namely clay, sandy loam and loam 

soils. The soil data was directly incorporated to QSWAT V.1.4 in the tiff-format in the 

Create HRUs to define HRUs in the watershed. 

Table 3.Soil type and SWAT code 

SNUM SWAT_CODE Soil type %age 

11 Bd31-2c Eutric Leptosol 5.59 

156 Ne12-3b Nitisol 71.92 

167 Qc10-1c Eutric Vertisol 22.50 

(Source MOWIE and FAO soil map) 

 

Figure7. Major soil types of Bir watershed 

3.5 Slope 

QSWAT generated slope from DEM with the range of 0-10% and putting 10-99% for 

above 10% slope due to the software has no multiple slope range option and the slope of 

the study area mainly covered by 64.96% 0-10 and 35.04% above 10%. 
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3.6   Hydrologic data 

The daily flow data were obtained from MoWIE recorded from year 1970-2006 in Bir –

Giga station and arranged the daily data vertically into monthly average basis and fed to 

SWAT CUP for calibration and validation of the simulated output against observed data. 

This data is recorded from a Bir - Giga station in the middle of the watershed and it did 

not represent natural Bir watershed outlet. So, recorded data from the station converted to 

exact Bir-watershed outlet using the drainage area ratio method. According to (Emerson 

et al., 2005), the drainage area ratio method is commonly used to estimate stream flow for 

sites where no stream flow data were collected. Many water-management programs 

require stream flow data for sites where no data were collected or for stream flow gaging 

stations for periods during which the gage was not operated. The drainage-area ratio 

method is based on the assumption that the stream flow for a site of interest can be 

estimated multiplying the ratio of the drainage area for the site of interest and the 

drainage area for a nearby stream flow-gauging station by the stream flow for the nearby 

stream-gaging station shown as a sample below. 

           Table 4.Converted   Bir river flow data to outlet based 

Recorded 

(m
3
/s) 

Conversion 

Factor 

Converted flow data to outlet point 

(m
3
/s) 

0.414129032 3.19 1.321071613 

0.204107143 " 0.651101786 

0.188032258 
" 

0.599822903 

0.0917 
" 

0.292523 

0.158741935 
" 

0.506386774 

1.140366667 
" 

3.637769667 

36.73912903 
" 

117.1978216 

88.23829032 
" 

281.4801461 

25.73843333 
" 

82.10560233 

8.986806452 
" 

28.66791258 

3.766033333 
" 

12.01364633 

1.127774194 
" 

3.597599677 
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3.7  Soil and Water Assessment Tool (SWAT) model set up 

3.7.1. Watershed Delineation 

The first step in creating SWAT model input is delineation of the watershed from a DEM. 

Inputs entered into the SWAT model are organized to have spatial characteristics. Before 

going in hand with spatial input data, i.e. the soil map, LULC map and the DEM are 

projected into the same projection called UTM Zone 37N, which is a projection 

parameter for Ethiopia. A watershed is partitioned into a number of sub-watersheds, for 

modeling purposes. The watershed delineation process performed using QSWAT v1. 4 

software. 

Elevation is defined by a digital elevation model (DEM), which describes the elevation of 

any point in a given area at a specific spatial resolution as a digital file. The digital 

elevation model is one of the essential inputs required by QSWAT to delineate the 

watershed into a number of sub‐watersheds. DEM is used to analyze the drainage pattern 

of the watershed, slope, stream length and width of the channelwithin the watershed. 

Based on this, the Birr – watershed was delineated using QSWAT based on the DEM 

information and subdivided into 31 sub watersheds. 

 

Figure 8. DEM based delineated Bir watershed 
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3.7.2 Hydrological Responsive Unit (HRU) definition 

The land area in a sub-watershed was divided into homogeneous hydrologic responsive 

units (HRUs) based on land use management, soil type and slope. The HRU analysis tool 

in QSWAT helped to load land use, soil layers and slope map for the project. The 

delineated watershed by QSWAT and the prepared land use and soil types was 

overlapped. HRU analysis in QSWAT includes divisions of HRUs by slope classes in 

addition to land use and soils. The slope option (an option which considers different slope 

classes for HRU definition) 0-10%, and 999 for greater than 10% was selected and 

inserted to run. 

Each sub watershed in turn was further discretized into multiple HRUs. The total number 

of HRUs was determined using the recommended threshold of 10, 5, and 10% of land-

use/cover, soil, and slope classes, respectively as (Haile et al., 2012) used for 

nearby Angereb watershed. Depending on this threshold and on slopes, LULC and soil 

data, the Birr watershed divided into 31 sub-watersheds, which in turn were subdivided 

into HRUs using prepared LULC change maps and the details attached in Annex part. 

3.7.3 Hydrological modeling 

The hydrologic modeling component of this study used QSWAT, a basin‐scale, a 

continuous time model that operates on a daily time step and is designed to predict the 

impact of management on water, sediment and agricultural chemical yields in ungauged 

watersheds. The model is physically based, computationally efficient and capable of 

continuous simulation over long time periods. In addition, it has been applied for 

modeling watershed hydrology. The SWAT interface used QSWA, a SWAT application 

within QGIS. 

The hydrologic cycle as simulated by SWAT is based on the water balance equation 

                                   
   ……….(1) 

Where SWt is the final soil water content (mm H2O), SWo is the initial soil water 

content on day i (mm H2O), t is the time (days), Rday is the amount of precipitation on 

day i (mm H2O), Qsurf is the amount of surface runoff on day i (mm H2O), Ea is the 

amount of evapotranspiration on day i (mm H2O), wseep is the amount of percolation 
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and bypass flow exiting the soil profile bottom on day i (mm H2O), and Qgw is the 

amount of return flow on day i (mm H2O) (Neitsch et al., 2011). 

Figure 9.Hydrological cycle process that SWAT shows 

3.7.4 Model calibration and Validation 

Model calibration is a technique to compare input parameters predicted output with 

observed minimum and maximum range parameter values until a defined objective 

function is achieved relatively closer. The objective of calibration and validation was to 

maximizing the model efficiencies. 

SWAT Calibration and Uncertainty Procedures (SWAT-CUP) is designed to integrate 

various calibration and uncertainty analysis programs for SWAT using different 

interface. Currently the program can run SUFI2 (Abbaspour, et al., 2007), GLUE (Beven 

and Binley, 1992), and ParaSol (van Griensven and Meixner, 2006), PSO, and MCMC 

procedures. Currently the program links with Generalized Likelihood Uncertainty 

Estimation (GLUE), Parameter Solution (ParaSol), Sequential Uncertainty Fitting 

(SUFI2), and Markov chain Monte Carlo (MCMC) procedures. SWAT parameters 

related to discharge sediment are estimated using the SUFI2 optimization technique 

to Bir- watershed. These optimization techniques use the range of the parameters as 

constraints and seven of the model evaluation coefficients as Objective Functions (OF) 

during calibration. These are 1) A multiplicative form of the square error (mult); 2) A 

summation form of the square error (sum); 3) Coefficient of determination (r2); 4) Nash-

Sutcliffe (1970) coefficient (NS); 5) Chi-squared χ2 (Chi2); 6) Coefficient of 
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determination R2 multiplied by the coefficient of the regression line (br2); and 7) sum of 

square of the residual (SSQR). Only one objective function is used at a time during 

calibration time. In SUFI2 all of the OF are exist, there is also a possibility to improve the 

model evaluation coefficients by using different OF, but in ParaSol there is only one 

objective function that is SSQR. A full description of SWAT-CUP can be found in 

the(Kaleab et al.,2013). 

For this study, a SUFI2 optimization technique used due to all of the objective 

functions is existing, there is also a possibility to improve the model evaluation 

coefficients by using different objective function, for calibration and the coefficient of 

determination (R2) and Nash-Sutcliffe (NS) result displayed 0.89, 0.76 respectively and 

for validation and the coefficient of determination (R2) and Nash-Sutcliffe (NS) result 

displayed 0.82, 0.72 respectively. 

3.7.5 Definitions of selected parameters 

1. Ground water delay time (days(GW_DELAY):water that moves past the lowest 

depth of the soil profile by percolation or bypass flow enters & flows through the vadose 

zone before becoming shallow aquifer recharge. The lag between the time that water exits 

the soil profile and enters the shallow aquifer will depend on the depth to the water table 

and the hydraulic properties of the geologic formation in the vadose and ground water 

zones. 

2. Base flow alpha factor (1/day): the base flow recession constant, αgw, is a direct 

index of ground water flow response to changes in recharge. Values vary from 0.1-0.3 for 

land with slow response to recharge to 0.9 -1.0 for land with a rapid response and 

calculated from by analyzing measured stream flow data during periods of no recharge in 

the watershed. 

3. GWQMN-is threshold depth of water in the shallow aquifer required for return flow to 

occur (mmH2O). 

Ground water flow to the reach is allowed only if the depth of water in the shallow 

aquifer is equal to or greater than GWQMN. 

4. Ground water” revap” coefficient (GW_REVAP): water may move from the 

shallow aquifer into the overlaying unsaturated zone. In periods when the material the 

aquifer is dry, water in the capillary fringe/marginal that separates the saturated and 
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unsaturated zones will evaporate and diffuse upward. As water is removed from the 

capillary fringe by evaporation, it is replaced by water from the underlying aquifer. 

This process is significant in watersheds where the saturated zone is not very far below 

the surface or where deep-rooted plants are growing. As GW_REVAP approaches 0, 

movement of water from the shallow aquifer to the root zone is restricted and as it 

approaches to 1, the rate of transfer to from the shallow aquifer to the root zone 

approaches the rate of potential evapotranspiration and the its value should be between 

0.02-0.20. 

7. CN2: Initial SCS run off curve number for moisture condition II. It is a function of the 

soils permeability, land use and antecedent soil water conditions. 

6. Deep aquifer percolation fraction (RCHRG_DP): the fraction of percolation from 

the root zone which recharges the deep aquifer. The vale for RCHRG_DP should be 

between 0.0-1.0. 

7. CH_N (2): Manning’s “n” value for the main channel which the values are different 

for natural and artificial stream channels. 

8. Soil evaporation compensation factor (ESCO): this coefficient has been 

incorporated to allow the user to modify the depth distribution used to meet the soil 

evaporative demand to account for the effect of capillary action, crusting and cracks. 

ESCO must be between 0/01-1.0.As the value of ESCO is reduced, the model is able to 

extract more of the evaporative demand from lower levels. 

9. SOL_Z-is depth from the soil surface to bottom of layer(mm). 

10. SOL_AWC-is available water capacity of the soil layer (mmH2O/mm soil). The 

plant available water, also referred to as the available water capacity calculated by 

subtracting the fraction of water present at permanent wilting point from the present at 

field capacity(AVW=FC-PWP) where, AWC is the plant available water content, FC is 

the water content at field capacity, and PWP is the water content at permanent wilting 

point. 

11. SOL_K-is saturated hydraulic conductivity(mm/hr). The saturated hydraulic 

conductivity, Ksat, relates soil water flow rate (flux density) to the hydraulic gradient and 

is a measure of the ease of water movement through the soil. 
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12. SURLUG (surface runoff lag coefficient): in large sub basins with a time of 

concentration greater than 1 day, only a portion of the surface run off will reach the main 

channel on the day it is generated. SWAT incorporates a surface run off storage feature to 

lag apportion of the surface run off release to the main channel. For a given time of 

concentration, as surlag decreases in value more water is held in storage (J.G.Arnold et 

al.,2012). 

 

Figure 10.SWAT-CUP calibration output using Bir river flow 

 

Figure 11.SWAT-CUP validation output using Bir river flow 

3.7.6 Sensitivity analysis 

Sensitivity analysis is a technique of identifying the responsiveness of different parameter 

involving in the simulation of a hydrologic process. Sensitivity analysis was carried out 

to identify which model parameters are most important or sensitive. After calibration and 
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validation of the hydrologic model, the most sensitive parameters of the model against 

measured discharge for the period 1970 to 2006 were tested using global sensitivity 

analysis. 

The optimal values of the most sensitive parameters fitted during the SWAT-CUP 

calibration are listed in Table. After model calibration, simulations set up using the same 

LULC map and gauges as calibration was used to validate the daily stream flow from 

1970 to 2006. All of the daily data were summarized into monthly intervals for the 

model-evaluation procedure. Hence, main sensitive parameters are threshold depth of 

water in the shallow aquifer required for return flow to occur(mmH2O), Ground 

water” revap” coefficient, Initial SCS runoff curve number for moisture condition II, 

saturated hydraulic conductivity, Ground water delay time, surface runoff lag coefficient 

and depth from the soil surface to bottom of layer(mm) respectively. 

The sensitivity estimates the average changes in the objective function resulting from 

changes in each parameter, while all other parameters are changing. This gives relative 

sensitivities based on linear approximations and, hence, only provides partial information 

about the sensitivity of the objective function to model parameters. t-stat provides a 

measure of sensitivity (larger in absolute values are more sensitive) p-values determined 

the significance of the sensitivity. A value close to zero has more significance and results 

listed in annex III. 
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4. Results and discussion 

4.1 Land use land cover change 

The result of the land use land cover change analysis shows that the study watershed had 

experienced significant changes. For instance, in the first fifteen years cultivation land 

and forest land showed a slight decline and grazing land showed increment. But, in the 

second fifteen years cultivation land and shrub land were significantly increased and 

grazing land significantly decreased. 

Table 5.Land use land cover change of Bir watershed from 1986-2017 

Land use 

types 

1986 2001 2017 

Area (ha) percent Area (ha) percent Area (ha) percent 

Cultivation 262870 83.6 237390 75.5 275830 87.7 

Forest land 15680 5.0 13650 4.3 16080 5.1 

Grazing land 32340 10.3 56090 17.8 2570 0.8 

Settlement 0.0 0.0 0.0 0.0 1210 0.4 

Shrub land 3280 1.0 7000 2.2 18520 5.9 

Water body 220 0.1 250 0.1 170 0.1 

Total 314390 100.0 314390 100.0 314390 100.0 

Remark: For the year 1986 and 2001 image classification the reflectance is not visible 

due to that I put it 0 for settlement. 
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Figure 12: LULC maps of Bir watershed for the year 1986, 2001 and 2017 

4.2 Land use/land Cover Change Classification Accuracy Assessment 

In this study, a total of six land cover classes were considered using unsupervised 

classification to decide the number of land use land cover class. Those were settlements, 

cultivated land, Grazing land, Forest land, Shrub lands and Water body. 

Accuracy assessment was performed on the classified LULC map. This process involves 

generating a set of points in the classified imagery and comparing them with actual points 

on the ground through field work. In order to complete the accuracy assessment, 50points 

for each land cover class used. The land cover classification assigned to each pixel was 

then compared with the same location on the reference sources to see if the classification 

result was accurate. Although no real standard for accuracy has been established by the 

remote sensing community, 80% accuracy is considered acceptable (Congalton, (1999) 

cited in Haile et al., 2012); and the accuracy of land use, land cover classification of the 

Bir - watershed is 87.33% and 84.8% for accuracy (R2) and Kappa statistics coefficient, 

respectively. 
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Table 6.LULC image classification accuracy assessment of Bir watershed 

 Land use 

type 

Classified points for 2017  
R

ef
er

en
ce

 p
o
in

ts
 

Settleme

nt 

Wate

r 

Fore

st 

shrubla

nd 

Agricultu

re 

Grazing 

land 

Total 

Settlement 41 4 2 0 3 0 50 

Water 0 50 0 0 0 0 50 

Forest 0 0 46 0 4 0 50 

Shrub land 0 0 3 39 7 1 50 

Agriculture 2 0 2 3 40 3 50 

Grazing 

land 

0 0 0 0 4 46 50 

 Accuracy 82 100 92 78 80 92 100% 

Overall Accuracy Coefficient of Determination(R
2
) 87.33% 

Kappa statistics coefficient 84.8% 

 

4.3 Rate of Land Use Land Cover Change (LULC) 

In the past first half of 30 years since 1986 the land use land cover change in the 

watershed exhibited a slight decrease in the forest and cultivation and an increase of 

grazing land. But in the second half of 30 years the watershed experienced a rapid 

increase of cultivation land and rapid decrease of grazing land. The 

watershed dominantly covers with cultivated land. 

Table 7.Land use land cover change of Bir watershed 

Land use 

types 

Rate of change (ha/Year) 

1986-2001 Area Change % 2001-2017 Area Change% 

Cultivation " -25480 

 

-16.99 " 38440 

 

24.02 

Forest land " -2030 

 

-1.35 " 2430 

 

1.52 

Grazing land " 23750 

 

15.84 " _532 

 

-33.45 

Settlement " 0.0 0.00 " 1210 

 

0.76 

Shrub land " 3720 

 

2.48 " 11520 

 

7.20 

Water " 30 

 

0.02 " -80 

 

-0.05 
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According to result of Landsat image analysis for 1986-2001 and 2001-2017, generally 

the study area showed of Grazing land, shrub land increase from 1986 to 2001 by 

(15.84%, 2.48%, respectively) however, cultivation, forest land decreased (-16.99%, -

1.35%, respectively) due to farmers association in the study area at that time used only 

appropriate sites, cultivated with tractors and river buffer zones and steep slopes were 

conserved and again cultivation, forest, shrub land relatively increased in 24.02%, 1.52% 

and 7.2% respectively while grazing land and water body decreased by (-33.45%, -

0.05%. Similar studies indicated land use, land cover changes experienced in the Upper 

Blue Nile basin where this study watershed is inscribed. 

The Angereb watershed in the nearby area experienced a significant land use change 

between 1985 and 2011. It is concluded that the decrease in forest land and grassland are 

accompanied by the increase in agricultural and built up areas and there is a decrease in 

the forest and grassland by 29% and 30%, respectively, and an increase in the agricultural 

area by 20% (Haile et al., 2012). 

4.4 LULC change impact on surface run off in the watershed 

According to results of QSWAT run output using land use land cover change maps of 

1986 as a base and 2017 as final input and climate variability considered constant, the 

mean annual surface runoff of the study area experienced decrease trend. The minimum 

decreasing impact occurred in April (26.2405mm/decade) between Decade one 

and decade, three and maximum decrement observed January (70.152mm/decade) at the 

same period. This result obtained using QSWAT run output using 1986 and 2017 LULC 

maps as input to QSWAT separately and climate variables constant and the output broken 

down into three decades (i.e. Decade1 1986 to 1995; Decade to 1996 to 2005;Decade3 

2006 to 2017) for each LULC map output to make it similar to the climate variability 

decade analysis; and the third decade from each LULC map output used for comparison. 

To analyze the LULC change impact on surface runoff in the study area, analysis results 

broken down into decades. 
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Table 8.Decadal analysis of run off as affected by LULC  1986 

Month Decad1 decad2 decad3 d2-d1 d3-d2 d3-d1 

Jan 13.953 10.106 4.711667 -3.847 -5.39433 -9.24133 

Feb 16.767 9.162 6.706667 -7.605 -2.45533 -10.0603 

Mar 74.052 41.893 42.20333 -32.159 0.310333 -31.8487 

Apr 80.15 67.04 45.03167 -13.11 -22.0083 -35.1183 

May 105.824 67.038 98.23 -38.786 31.192 -7.594 

Jun 2004.5 261.949 158.29 -1742.55 -103.659 -1846.21 

Jul 681.659 717.231 542.7067 35.572 -174.524 -138.952 

Aug 735.688 704.908 489.552 -30.78 -215.356 -246.136 

Sep 356.585 252.653 205.362 -103.932 -47.291 -151.223 

Oct 106.823 88.104 72.618 -18.719 -15.486 -34.205 

Nov 41.612 29.666 41.572 -11.946 11.906 -0.04 

Dec 24.442 21.297 10.576 -3.145 -10.721 -13.866 

 

Table 9.Decadal analysis of run off as affected by LULC 2017 

Month Decad1 Decad2 Decad3 d2-d1 d3-d2 d3-d1 

January 2.697 1.074 0.805 -1.623 -0.269 -1.892 

February 3.203 1.569 1.485 -1.634 -0.084 -1.718 

March 25.382 16.063 14.485 -9.319 -1.578 -10.897 

April 21.369 26.539 15.76167 5.17 -10.7773 -5.60733 

May 73.976 28.731 22.33167 -45.245 -6.39933 -51.6443 

June 317.528 296.215 146.5467 -21.313 -149.668 -170.981 

July 577.206 616.21 363 39.004 -253.21 -214.206 

August 591.015 483.505 299.42 -107.51 -183.863 -291.595 

September 130.3 83.966 73.934 -46.334 -10.032 -56.366 

October 26.304 27.495 19.3 1.191 -8.195 -7.004 

November 8.11 5.617 3.302 -2.493 -2.315 -4.808 

December 2.596 2.399 0.73 -0.197 -1.669 -1.866 

 

Remark: Only decade3 was selected from both 1986 and 2017 independent outputs from 

QSWAT run to compare the LULC change impact on surface runoff and to 

understand the current surface runoff status in the study watershed. 
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Table 10.Comparing the impact LULC on surface runoff 

Month Decade3LU86 Decade3 LU2017 Runoff change %age 

Jan 4.71 0.81 -3.91 -82.91 

Feb 6.71 1.49 -5.22 -77.86 

Mar 42.20 14.49 -27.72 -65.68 

Apr 45.03 15.76 -29.27 -65.00 

May 98.23 22.33 -75.90 -77.27 

Jun 158.29 146.55 -11.74 -7.42 

Jul 542.71 363.00 -179.71 -33.11 

Aug 489.55 299.64 -189.91 -38.79 

Sep 205.36 73.93 -131.43 -64.00 

Oct 72.62 19.30 -53.32 -73.42 

Nov 41.57 3.30 -38.27 -92.06 

Dec 10.58 0.73 -9.85 -93.10 

 

The result of QSWAT run output analysis using land use land cover change as an input, 

the temporal runoff flow of the study area experienced a decreasing trend. 

Increasing water scarcity and competition for water resources from different sectors drive 

the need to improve crop productivity to ensure adequate food for current and future 

development stages relying on uncertain water availability for agriculture. With respect to 

the relations between the hydrological cycle and the climate system, every change on the 

climate could affect parameters such as precipitation, temperature, runoff, streamflow, 

groundwater level, and consequently agricultural, industrial, and domestic water 

consumption and demands(Mohammad et al., 2013). 
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Table 11.Annual impact of LULC change on surface run off in Bir watershed 

Year Annual runoff LULC-1986 Annual runoff  LULC-2017 

1989 2439.57 1561.45 

1990 2270.28 1664.77 

1991 2283.97 1624.5 

1992 2368.45 1555.61 

1993 2858.53 2001.57 

1994 2400.63 1664.17 

1995 2185.28 1666.72 

1996 2976.54 2189.97 

1997 2725.43 1640.18 

1998 3040.88 2227.93 

1999 2697.58 1903.13 

2000 2424.7 1645.21 

2001 2473.5 1747.93 

2002 1538.82 951.33 

2003 2050.24 1399.83 

2004 1973.45 1444.32 

2005 2392.29 1768.92 

2006 2618.09 1706.39 

2007 2468.69 1827.97 

2008 2073.14 1498.81 

2009 2060.94 1535.22 

2010 2573.11 1890.23 

2011 1372.69 591.37 

2012 1093.63 465.5 

2013 1586.79 689.7 

2014 798.49 198.97 
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Figure 13.Impact of LULC on annual surface run off 

 

Figure 14.LULC change impact on monthly surface run off flow in Bir watershed 

4.5 Temporal impact of LULC on surface runoff in the watershed 

The LULC change on surface water exerted a significant impact in different periods. 

Annual, seasonal and monthly run off showed a decrease trend. However, 

significant changes observed in annual and “kiremt” periods. 
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Table 12.Annual, seasonal and monthly surface run off(mm) 

Months Ave. flowLU 1986 Aver. Flow LU 2017 change %age 

Jan 9.590222 1.525333 -8.06489 -84.0949 

Feb 10.87856 2.085667 -8.79289 -80.8277 

Mar 52.71611 18.64333 -34.0728 -64.6345 

Apr 64.07389 21.22322 -42.8507 -66.877 

May 90.364 41.67956 -48.6844 -53.8759 

Jun 245.8803 253.4299 7.549556 3.070419 

Jul 647.1989 518.8053 -128.394 -19.8383 

Aug 643.3827 457.98 -185.403 -28.8169 

Sep 271.5333 96.06667 -175.467 -64.6207 

Oct 89.18167 24.36633 -64.8153 -72.6779 

Nov 37.61667 5.676333 -31.9403 -84.9101 

Dec 18.77167 1.908333 -16.8633 -89.834 

Annual 2181.188 1443.39 -737.798 -33.8255 

Kirmet 1807.995 1326.282 -481.713 -26.6435 

Belg 218.0326 83.63178 -134.401 -61.6425 

Bega 155.1602 33.47633 -121.684 -78.4247 

 

 

Figure 14. Temporal LULC impact on surface runoff in Bir watershed 

 

0.00 

500.00 

1000.00 

1500.00 

2000.00 

2500.00 

S
u

rf
a
ce

 R
u

n
o
ff

(m
m

) 

Month and seasons 

LULC  impact on surface runoff in Bir watershed 

Ave. flow LU 1986 Aver. Flow LU 2017 



 

46 
 

4.6   Decadal analysis of climate variability and trend in the watershed 

The weather data obtained from NMA prepared for each climate variable in notepad with 

required format and putting a missing value identifier -99 for missed values to generate 

by itself for each variable with all locations in a folder. Furthermore, weather data 

analyzed decadal in monthly basis for each station since 1986-2014, with the period of 

1986-1995 as first decade, 1996-2005 second decade and 2006-2014 third decade 

respectively to identify the months where significant increment or decrement of climate 

variables occurred using excel spread sheet as explained below. 

4.6.1 Precipitation 

Precipitation is one of the basic climate variables which can influence surface hydrologic 

cycle and it is summarized briefly for each station below in decades with periods based 

on the above decade classes. Generally, decade analysis of precipitation showed a 

decreasing trend in all stations. As the decade analysis of precipitation for Adet station 

showed a decreasing trend even it is located in the highland relatively to Laybir and 

Denbecha stations. As the result of the analysis precipitation at this station showed a 

decrement of 7.69mm in the second decade in August compared to the first decade 

(3.94mm) August and 9.37mm in the third decade in August when compared with second 

decade and 9.37mm in the third decade in August compared with first decade with a 

decrement of 5.43mm over the three decades. 

Table 13.Decadal precipitation analysis of Adet station 

Month 

Adtppt 

decad1 

Adtppt 

decad2 

Adtppt 

decad3 d1 d2 d3 

Jan 0.32 0.31 0.16 -0.01 -0.15 -0.15 

Feb 1.14 0.31 0.18 -0.83 -0.13 -0.96 

Mar 2.06 2.07 1.19 0.01 -0.88 -0.87 

Apr 1.80 2.12 1.81 0.32 -0.31 0.01 

May 4.56 4.13 2.37 -0.43 -1.75 -2.19 

Jun 19.26 21.35 13.65 2.09 -7.70 -5.61 

Jul 30.25 33.90 26.34 3.65 -7.56 -3.91 

Aug 30.55 26.60 21.18 -3.95 -5.43 -9.37 

Sep 10.09 8.08 5.91 -2.01 -2.16 -4.18 

Oct 1.43 2.94 1.75 1.51 -1.19 0.32 

Nov 0.85 0.56 0.56 -0.29 0.00 -0.29 

Dec 0.29 0.36 0.06 0.07 -0.30 -0.23 
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Figure 15.Decadal precipitation of Adet station 

Similarly, decade analysis of precipitation for Denbecha station showed a decreasing 

trend. As the result of the analysis precipitation at this station showed a decrement of 

1.46mm in October in second decade compared with first decade (1.35mm) and 1.48mm 

in the third decade in July compared with second decade and 1.48mm in the third decade 

in July with compared first decade a decrement of 0.13mm over the three decades. 

Table 14.Decadal precipitation analysis of Denbecha station. 

Month 

Denbppt 

decad1 

Denbppt 

decad2 

Denbppt 

decad3 

Change 

in d1 d2 d3 

Jan 0.31 0.34 0.18 0.03 -0.17 -0.13 

Feb 1.50 0.15 0.17 -1.35 0.02 -1.33 

Mar 2.26 1.73 1.14 -0.54 -0.59 -1.13 

Apr 2.72 1.48 1.56 -1.24 0.08 -1.16 

May 3.02 2.84 4.27 -0.18 1.43 1.25 

Jun 7.11 7.32 7.03 0.21 -0.29 -0.08 

Jul 10.78 10.57 9.30 -0.21 -1.28 -1.49 

Aug 8.20 7.83 9.08 -0.37 1.25 0.88 

Sep 5.93 6.98 6.88 1.05 -0.10 0.95 

Oct 2.93 3.82 2.36 0.89 -1.46 -0.57 

Nov 1.57 1.57 1.57 0.00 0.00 0.00 

Dec 0.45 0.36 0.60 -0.09 0.23 0.15 

Remark: d1,d2, d3  represented decade1,decade2 and decade3 respectively. 
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Figure 16.Decadal precipitation of Denbecha station 

As the decade analysis of precipitation for Laybir station showed a similar trend. As the 

result of the analysis precipitation at this station showed a decrement of 2.99mm in the 

second decade in June compared with the first decade (0.43mm) September and 1.55mm 

in the third decade July compared with second decade June and 1.55 mm in the third 

decade in July compared with first decade with a decrement of 1.12mm over three 

decades. 

Table 15.Decadal precipitation analysis of Laybir station 

Month Birpptdecad1 Birpptdecad2 Birpptdecad3 d1 d2 d3 

Jan 0.08 0.15 0.06 0.07 -0.08 -0.01 

Feb 0.05 0.26 0.05 0.21 -0.21 0.00 

Mar 0.73 0.63 0.83 -0.10 0.20 0.10 

Apr 1.51 1.14 0.70 -0.37 -0.44 -0.81 

May 2.52 3.47 3.40 0.95 -0.07 0.88 

Jun 4.39 6.13 3.13 1.74 -2.99 -1.25 

Jul 6.94 8.31 5.38 1.37 -2.93 -1.55 

Aug 5.67 5.79 5.76 0.12 -0.03 0.09 

Sep 4.41 3.98 4.19 -0.43 0.22 -0.22 

Oct 2.13 2.42 1.92 0.28 -0.49 -0.21 

Nov 0.82 1.05 1.05 0.23 0.00 0.23 

Dec 0.29 0.38 0.25 0.10 -0.13 -0.04 
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Figure 17.Decadal precipitation of Laybir station 

In precipitation analysis result, all the three stations showed a decreasing trend in all 

decades and over the three decades from a minimum of 0.43mm in the period of 2006-

2014 September and a maximum of 9.37mm in the period of 1986-1995 in August. 

4.6.2 Temperature 

Temperature is another climate variable which can influence the hydrologic cycle of a 

specified area as precipitation. 

Generally, decade analysis result of maximum and minimum temperature revealed an 

increasing trend in all stations. The maximum temperature for Adet station showed an 

increasing trend. The analysis of maximum temperature in this station showed a 

relatively decrement of 1.95
o
c in the second decade June compared with first 

decade (1.99
o
c) March and the third decade showed increment 2.7

o
c in February 

compared with the second decade and 2.7
o
c in the third decade in February when 

compared with first decade with increment of 0.75
o
c increases over the three decades. 

As the decade analysis result of minimum temperature for Adet station showed an 

increasing trend. As the result of the analysis maximum temperature at this station 

showed a relatively decrement of 1.25
o
c in the second decade October compared with 

first decade (1.74
o
c) October and the third decade showed increment 3

o
c in October 

compared with the second decade and 3oc in the third decade in October when compared 

with first decade with an increment of 1.26
o
c increases over the three decades. 
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Table 16.Decadal maximum temperature analysis of Adet station 

Month 

Tmxadet 

deca1 Tmxadetdeca2 Tmxadetdeca3 d2-d1 d3-d2 d3-d1 

Jan 23.76 24.81 25.69 1.06 0.88 1.94 

Feb 24.72 26.68 27.45 1.96 0.77 2.73 

Mar 25.45 26.65 27.46 1.20 0.80 2.00 

Apr 26.12 27.41 28.26 1.29 0.85 2.14 

May 25.18 26.21 27.34 1.04 1.12 2.16 

Jun 20.37 20.73 22.68 0.35 1.95 2.31 

Jul 16.35 17.63 18.70 1.28 1.07 2.35 

Aug 16.67 18.14 19.69 1.47 0.56 2.02 

Sep 20.05 21.85 22.34 1.80 0.49 2.29 

Oct 21.39 23.30 23.30 1.91 0.00 1.91 

Nov 22.39 23.53 24.08 1.15 0.54 1.69 

Dec 22.95 23.97 24.40 1.03 0.43 1.46 

 

 

Figure 18.  Maximum temperature trend of Adet 

 

 

\ 

 

 

 

 

0 

5 

10 

15 

20 

25 

30 

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

T
em

p
er

a
tu

re
(o

c)
 

Month 

AdetTmx 

Tmxadet decade1 Tmxadetdecade2 Tmxadetdecade3 



 

51 
 

  Table 17.Decadal minimum temperature analysis of Adet station 

Tminadtdecad1 Tminadtdecad2 Tminadtdecad3 d1 d2 d3 

9.33 10.01 10.75 0.68 0.75 1.43 

11.10 11.47 11.75 0.38 0.28 0.66 

12.37 13.09 13.97 0.72 0.88 1.60 

12.99 13.85 13.85 0.86 0.00 0.86 

12.12 12.31 13.18 0.19 0.87 1.06 

12.54 12.54 13.24 0.00 0.70 0.70 

10.99 11.42 11.77 0.43 0.34 0.77 

10.98 11.29 11.29 0.31 0.00 0.31 

9.65 10.45 11.15 0.80 0.69 1.50 

9.36 11.10 12.36 1.75 1.26 3.00 

10.03 11.56 12.36 1.53 0.80 2.33 

10.65 11.81 12.77 1.17 0.96 2.12 

 

 

Figure 19.Minimum temperature trend of Adet 

The result of the analysis maximum temperature in Denbecha station showed a relative 

decrease 2.05
o
c in the second decade December compared with first decade(1.35

o
c) 

September and the third decade showed increment 2.47
o
c in December compared with 

the second decade and 2.47
o
c in the third decade in December when compared with first 

decade with an increment of 1.12
o
c increases over the three decades. 
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Table 18.Decadal maximum temperature analysis of Denbecha station 

Month 

TmxDenbecha 

decad1 

TmxDenb 

decade2 

TmxDenb 

decade3 changed1 d2 d3 

Jan 26.76 27.81 28.69 1.06 0.88 1.94 

Feb 27.92 28.82 29.53 0.89 0.71 1.60 

Mar 28.42 29.75 30.96 1.33 1.20 2.54 

Apr 29.44 30.52 31.59 1.08 1.06 2.14 

May 27.76 28.71 29.98 0.96 1.27 2.23 

Jun 24.47 24.97 26.80 0.49 1.84 2.33 

Jul 20.97 21.63 22.70 0.66 1.07 1.73 

Aug 22.03 22.83 24.05 0.81 1.22 2.02 

Sep 23.53 24.88 25.97 1.35 1.09 2.44 

Oct 24.60 25.01 25.93 0.40 0.92 1.33 

Nov 24.39 25.53 26.68 1.15 1.14 2.29 

Dec 25.55 25.97 28.03 0.42 2.06 2.47 

 

 

Figure 20.Maximum temperature of Denbecha station 

The decade analysis result of minimum temperature for Denbecha station showed an 

increasing trend. As the result of the analysis maximum temperature at this station 

showed a relative decrease 1.22
o
c in the second decade December compared with first 

decade (1.6
o
c) November and the third decade showed increment 2.17

o
cin November 

compared with the second decade and 2.17each in the third decade in November when 

compared with first decade with an increment of 0.57
o
c increases over the three decades. 
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Table 19.Decadal minimum temperature analysis of Denbecha station 

Month 

Tmindnb 

decad1 

Tmin 

denbcad2 

Tmin 

dnbedecad3 changed1 d2 d3 

Jan 11.43 12.19 12.90 0.76 0.71 1.47 

Feb 13.18 13.85 13.95 0.67 0.10 0.77 

Mar 14.80 15.40 16.32 0.59 0.93 1.52 

Apr 15.46 16.18 16.18 0.71 0.00 0.71 

May 14.33 14.33 15.10 0.00 0.77 0.77 

Jun 12.50 13.92 14.20 1.43 0.28 1.70 

Jul 11.43 12.09 12.21 0.66 0.13 0.78 

Aug 11.51 11.89 13.09 0.38 1.20 1.58 

Sep 11.36 12.46 13.29 1.10 0.83 1.93 

Oct 11.33 12.25 13.19 0.92 0.94 1.86 

Nov 11.28 12.90 13.45 1.62 0.55 2.17 

Dec 12.82 13.55 14.77 0.73 1.23 1.96 

 

 

Figure 21. Minimum temperature trend of Denbecha 

The result of the analysis maximum temperature in Laybir station showed a relative 

decreaset 2.9
O
c in the second decade June compared with first decade(3.18

o
c) October 

and the third decade showed increment 3.34
o
c in September compared with the second 

decade and 3.34
o
c in the third decade in September when compared with first decade 

with an increment of 0.16
o
c increases over the three decades. 
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Table 20.Decadal maximum temperature analysis of Laybir station 

Month 

Tmx 

Laybirdecad1 

Tmx 

Laybirdecad2 

Tmx 

Laybirdecade3 

Change 

ind1 
d2 d3 

Jan 27.09 28.17 29.66 1.08 1.49 2.57 

Feb 28.83 30.11 31.37 1.28 1.26 2.54 

Mar 29.56 30.67 31.88 1.12 1.21 2.33 

Apr 30.22 31.17 32.66 0.96 1.49 2.44 

May 28.56 29.31 31.31 0.75 2.00 2.75 

Jun 24.13 24.66 27.56 0.53 2.90 3.43 

Jul 19.88 21.51 23.29 1.62 1.79 3.41 

Aug 20.97 22.60 23.90 1.64 1.30 2.93 

Sep 23.25 25.28 26.59 2.04 1.31 3.35 

Oct 24.29 27.48 27.48 3.18 0.00 3.18 

Nov 25.40 26.84 28.19 1.43 1.35 2.79 

Dec 25.95 27.13 28.19 1.18 1.06 2.24 

 

 

Figure 22.Maximum temperature trend of Laybir 

As the decade analysis result of minimum temperature for Laybir station showed an 

increasing trend. As the result of the analysis maximum temperature at this station 

showed a relatively decrement of 1.16
o
c in the second decade May compared with first 

decade (1.9
o
c) October and the third decade showed increment 2.6

o
c in October 
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compared with the second decade and 2.6
o
c in the third decade in October when 

compared with first decade with an increment of 0.68
o
c increases over the three decades. 

Table 21.Decadal minimum temperature analysis of Laybir station 

Month 

Tminbir 

decad1 

Tminbir 

decad2 

Tminbir 

decad3 changed1 d2 d3 

Jan 11.43 12.19 12.90 0.76 0.71 1.47 

Feb 13.18 13.85 13.95 0.67 0.10 0.77 

Mar 14.80 15.40 15.62 0.59 0.23 0.82 

Apr 15.46 16.18 16.18 0.71 0.00 0.71 

May 14.33 14.33 15.50 0.00 1.17 1.17 

Jun 12.50 13.92 14.20 1.43 0.28 1.70 

Jul 11.43 12.09 12.21 0.66 0.13 0.78 

Aug 11.51 11.89 11.89 0.38 0.00 0.38 

Sep 11.36 12.46 12.83 1.10 0.37 1.47 

Oct 11.33 13.25 13.94 1.92 0.69 2.61 

Nov 12.28 13.90 14.45 1.62 0.55 2.17 

Dec 13.62 13.95 14.77 0.33 0.83 1.15 

 

Figure 23. Minimum temperature trend of Laybir 

Generally, analysis results of maximum and minimum temperature of all the stations 

showed an increasing trend over the three decades. Maximum temperature increment 

ranges from a minimum of 0.16
o
c in Laybir to a maximum of 1.12

o
c in Denbecha station. 
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Similarly, minimum temperature increment displayed a minimum of 0.57
o
cin Denbecha 

to a maximum of 1.26
o
c in Adet and the increment of minimum temperature is higher 

than maximum temperature. 

4.6.3 Precipitation variability 

The precipitation of Adet, Denbecha and Laybir meteorological stations showed a 

negative change in all decades (i.e Decade1 1986 to 1995; Decade2 1996 to 2005; and 

Decade3 2006 to 2014) and over the three decades from a minimum of 0.43mm/decade in 

the period of 2006-2014 September in decade, one and a maximum of 9.37mm/decade in 

the period of 1986-1995 in August in decade three as keeping land cover change 

constant. But precipitation considered as one of the factors affecting surface runoff in the 

watershed. 

 

Figure 24.Precipitation variability of Adet,Denbecha and Laybir stations 

4.6.4 Temperature variability 

Maximum and minimum temperature of all the stations in the study area showed an 

increasing trend over the three decades. Maximum temperature increment ranges from a 

minimum of 0.16each in Laybir to a maximum of 1.12eachin Denbecha station. 

Similarly, minimum temperature increment displayed a minimum of 0.57each in 

Denbecha to a maximum of 1.26each in Adet and the increment of minimum temperature 

is less than the maximum temperature. There are similar studies indicated such Ethiopian 

climate trends. 

Africa Climate Change Resilience Alliance (ACCRA) conducted a research in Ethiopia 

in a 2010-11.A range of studies of national climate trends since the 1960s show that mean 
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annual temperatures in Ethiopia have increased by between 0.5 and 1.3°C (ACCRA, 

2010). 

The average temperature increases of 1.1°c are recorded for 1981–2010 intervals (0.04 
o
c 

per year). The same increasing rate is observed for the mean minimum and maximum 

temperatures. The highest rates are recorded at Neghelle (2.7 °c in 30 years), Gonder and 

Robe Bale (2 °c in 30 years)(Wossenu Abtew,et al., 2009). 

 

Figure 25.Maximum temperature of Adet, Denbecha and Laybir stations 

 

Figure 26.Minimum temperature of Adet,Denbecha and Laybir stations 

4.7   Impact of climate variability on surface runoff 

The precipitation of the three stations showed decreases in all decades and over the three 

decades from a minimum of 0.43mm in the period of 2006-2014 September and a 
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maximum of 9.37mm in the period of 1986-1995 in August and this reduction of 

precipitation can be one of contributors of surface runoff reduction. Similar scholar 

explained its importance as below. 

Climate variability plays a great role in agricultural production having a direct impact 

from the start of land preparation to the final harvest. Rainfall in particular is a critical 

climatic element. Climate variability in Ethiopia's agricultural GDP is clearly correlated 

with rainfall variability World Bank, 2006 cited in  (Alemayehu et al., 2016), also note 

that the characteristics of the main rainy season (June – September, known as Kiremt) 

rainfall are the most important determinants for agricultural activity from the perspective 

of its amount and geographical coverage. 

The analysis results of maximum and minimum temperature of all the stations showed an 

increasing trend over the three decades where land use land cover change considered 

constant. Maximum temperature increment ranges from a minimum of 0.16
o
c in Laybir to 

a maximum of 1.12
o
c in Denbecha station. Similarly, minimum temperature increment 

displayed a minimum of 0.57
o
c in Denbecha to a maximum of 1.26

o
c in Adet and the 

increment of minimum temperature is higher than the maximum temperature over the 

three decades. 

The surface runoff of Bir watershed exhibited decreasing the impact and negatively 

affected the local community all over the three decades and temperature and decreasing 

of precipitation can contribute to the result. As shown in the Table, and Figure below, 

maximum decrement of monthly surface runoff observed in the third decade than decade, 

one and decade two, particularly in January, February followed by December 

(196.137%, 150.005% and 131.108%, respectively) as LULC change kept constant where 

surface run off critically required to supplement agricultural production through irrigation 

for local communities. This reduction of surface runoff is the impact of climate 

variability than LULC change. 
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Table 22.Decadal climate variability impact on surface runoff in Bir watershed 

Month 

Surface runoff(mm/decade change mm/decade 

Decad1 decad2 decad3 d2-d1 d3-d2 d3-d1 

Jan 13.95 10.11 4.71 -3.85 -5.39 -9.24 

Feb 16.77 9.16 6.71 -7.61 -2.46 -10.06 

Mar 74.05 41.89 42.20 -32.16 0.31 -31.85 

Apr 80.15 67.04 45.03 -13.11 -22.01 -35.12 

May 105.82 67.04 98.23 -38.79 31.19 -7.59 

Jun 317.40 261.95 158.29 -55.45 -103.66 -159.11 

Jul 681.66 717.23 542.71 35.57 -174.52 -138.95 

Aug 735.69 704.91 489.55 -30.78 -215.36 -246.14 

Sep 356.59 252.65 205.36 -103.93 -47.29 -151.22 

Oct 106.82 88.10 72.62 -18.72 -15.49 -34.21 

Nov 41.61 29.67 41.57 -11.95 11.91 -0.04 

Dec 24.44 21.30 10.58 -3.14 -10.72 -13.87 

 

The major rainy seasons in the year of the study area are June to September naturally 

expected. By keeping land use land cover change constant and analyzing the climate 

variability impact on surface runoff in decades the watershed experienced decreasing 

impact in each month. For instance, let’s take June, in Decade1 it was 13.953mm 

declined to 10.106mm in Decade2 finally to 4.71mm in Decade 3. This is the change in a 

month within all decades showed a decline of surface runoff for all months. This can 

happen due to a fluctuation of precipitation and temperature variability. 

Figure Figure 27.Impact of climate variability on surface runoff keeping LULC constant 
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5. Conclusion and Recommendations 

5.1   Conclusion 

Climate variability/change, surface run off and land use land cover changes were 

analyzed for the past three decades. From the analysis result, 

Land use, land cover exhibited significantly changed in the watershed in the past thirty 

years. As an example, in the first half of thirty years since 1986 cultivation land and 

forest land showed slightly decrease and grazing land increased. However, in the second 

half particularly cultivation land revealed a significant increase in the watershed and it is 

covered dominantly by cultivated land, while grazing land significantly declined. 

This shows us the watershed was rapidly changed. 

From decadal climate variability analysis result, the precipitation in all stations of the 

study area showed a decrease trend which is a critical element in this study focused. 

The decade reduction of precipitation can play significant role in annual, seasonal, and 

monthly surface run off availability. The decade maximum and minimum temperature of 

all stations in Bir watershed showed rising in all over the three decades. Maximum and 

minimum temperature in the watershed increased by 0.84
o
c and 0.7

o
c respectively, 

and the increment of minimum temperature is less than the maximum temperature over 

the three decades. The temporal surface runoff of the study area using different land use, 

land cover maps in the model independently showed a decrease trend. The major gap or 

decline of  surface run by experienced in annually and current followed by Belg and Bega 

respectively. 

The combined effect of land use land cover change (i.e, unwise and rapid agricultural 

expansion), the decline of precipitation in the watershed and an increase of maximum and 

minimum temperature throughout all decades can contribute, aggravate and exert its 

adverse impact on surface water availability in the study area. 
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5.2. Recommendations 

It is crucial to take proper land use management (land capability based land use 

management intervention activities by relevant stakeholders to combat unwise 

agricultural expansion and improving surface water availability in the watershed. 

Some of advisable activities include soil and water conservation activities, water 

harvesting technologies during the rainy season for supporting irrigation or infiltrating in 

to the ground for better stream discharge later, a forestation of steep slopes, agro-forestry, 

and improved crop varieties are essential which can be harvested with less growing 

period to reduce irrigation water demand. 

Regarding temperature, using home garden practices is useful, including trees and fruit 

trees that can tolerate water stress (For instance, Acacia decurence, Mango and others and 

Apple fruit trees in the highland part of the watershed) to ameliorate microclimate of 

the surroundings with improving the income of the local community. It is also advisable, 

necessary to conduct ground water availability in the study area. 
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Annex II. Parameters and its maximum and minimum range for SWAT-CUP 
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