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ABSTRACT

The Lake Tana basin is located in the north western part of Ethiopia. It comprises an

approximate area of 15,114 km2 including Lake Tana. The basin is a high tourist

destination site particularly to see old monasteries hosted by many islands and the Blue

Nile Fall. Lake Tana is also known by its diverse fish species. In addition to its

ecological values the lake is used for water supply, fishing, irrigation, hydro power and

many other ecosystem services. However the basin is facing many threats. One of these

threats is change in land use and land cover. The specific objectives of this study are to

assess land use and land cover change in 1986, 2001 and 2015, and to quantify the

impact of this change on the runoff in the basin. ERDAS IMAGINE and ARC GIS

used for land use and land cover change analysis, and SWAT model simulation for

quantifying the impact of land use land cover change on the runoff. The major land use

and land cover types identified in the basin are farm land and settlement, shrub land,

range land, forest, bare land, wood land, wet land, and water body. The results of the

study showed that farm land is continuously increased from 34.8 % in 1986 to 44.3 %

and 55.1 % in 2001 and 2015 respectively. Conversely wood land decreased

persistently within these years. Forest cover, wet land and bare land increased between

1986 and 2001 but decreased between 2001 and 2015. Shrub land and range land

decreased initially between 1986 and 2001 but increased between 2001 and 2015.

Water body slightly decreased between 1986 and 2001, and has the same coverage

between 2001 and 2015. Consequently the mean annual and wet months (June-
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September) runoff decreased in the 2001 LULC from the 1986 LULC by 0.2 mm and

0.6 mm respectively. This is mainly due to the increase of forest cover although farm

land and settlement cover also increased in the 2001 LULC from the1986 LULC. But

the mean annual and dry months (October-May) base flow decreased in the 2001

LULC from the 1986 LULC by 0.8 mm and 0.7 mm respectively. Then mean annual

and wet months (June-September) runoff increased in the 2015 LULC from the 2001

LULC by 2.1 mm and 5.8 mm respectively. This is primarily due to the decrease of

forest cover, and the increase of farm land and settlement cover in 2015 LULC from

the 2001 LULC. Accordingly the mean annual and dry months (October-May) base

flow decreased in the 2015 LULC from the 2001 LULC by 3.9 mm and 2.3 mm

respectively. The other major threat on the water resources of the basin is climate

change. The change of land use and land cover, and climate, and their impact on the

runoff and base flow in the basin has many implications on Lake Tana. For example, if

the runoff amount increased, consequently the sedimentation to the lake will also be

increased. Sedimentation leads to many negative impacts to the lake’s water and fish

resources. Climate change will decreased on lake precipitation and surface water

inflow, and increased evaporation, then the lake’s water balance will be disturbed and

resulted in to water shortage. In the opposite on lake precipitation and surface water

inflow will be increased although evaporation also increased, then it resulted in to lake

level rise and flooding which especially affects the downstream countries.

Key words and phrases :- ARC GIS, Base flow, Climate change, ERDAS

IMAGINE, Lake Tana basin, Runoff , SWAT
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CHAPTER ONE

1. INTRODUCTION

1.1. Back ground of the study

1.1.1. Water resources

According to the UNWWAP (2006) the world’s water exists naturally in different

forms and locations: in the air, on the surface, below the ground and in the oceans.

Fresh water accounts for only 2.5 % of the earth’s water and most of it is frozen in

glaciers and icecaps. The remaining unfrozen fresh water is mainly found as ground

water, with only a small fraction present above ground or in the air. The average

amount of available fresh water per person varies from less than 50 m3 in parts of the

Middle East to over 100,000 m3 per year in humid and sparsely populated areas.

Continent wise Africa is a large continent of 53 countries with a wide range of

hydrological situations. It could be divided into 24 major hydrological units or basin

groups. These are 8 major river basins that draining to the sea (Senegal, Niger, Nile,

Shebelli-Juba, Congo, Zambezi, Limpopo and Orange rivers), 9 coastal regions

grouping several small rivers that also draining to the sea and 5 regions grouping

several endorheic drainage basins (Lake Chad, Rift Valley, Okavango, South Interior

and North Interior) (FAO, 2003).

The Nile basin having the world’s longest river is shared among eleven countries. The

catchment area of the basin is about 3.3 million km2. It stretches over different

geographical, climatological and topographical regions. The relative contribution to the



2

mean annual Nile flow at Aswan of 84 billion m3 is approximately 4/7 from the Blue

Nile, 2/7 from the White Nile (of which 1/7 is from the Sobat), and 1/7 from the Atbara

River. The Ethiopian catchments (Sobat, Blue Nile and Atbara River) contribute to

about 6/7 of the Nile water resources at Aswan (Mohamed and Loulseged, 2008). Due

to this Ethiopia generates 85 % of the annual Main Nile flow (Sutcliffe and Parks,

1999).

The 200,000 km2 Upper Blue Nile basin is located in the eastern part of the Nile Basin

that flows from the Ethiopian highlands to the border between Ethiopia and Sudan. The

basin comprises 7 % of the Nile Basin area but contributes 62 % of the Nile water at

Aswan, Egypt (Gebrehiwot, 2012). The Blue Nile basin has the major sub-basins of

Anger, Beles, Dabus, Debre Markos, Didesa, Dindir, Fincha, Guder, Jemma, Lake

Tana, Mota and Muger. The total mean annual flow from the river basin is estimated to

be 54.8 BCM (Awulachew etal., 2007). The Blue Nile head waters originate from the

outlet of Lake Tana. The river stretches nearly 850 kilometers between Lake Tana and

the Sudano-Ethiopian border (Block etal., 2007).

The Lake Tana basin which is one of the major sub-basins of the Blue Nile basin has a

drainage area of 15,083 km2 including Lake Tana with a surface area of 3000 km2

(Mekonen etal., 2015). Lake Tana is the largest lake in Ethiopia. It is situated in the

north-western Ethiopian highlands and is fed by numerous seasonal rivers and four

permanent rivers (Megech, Rib, Gumera and Gilgel Abay). The out let of the lake at its

southern tip yields the Blue Nile (Poppe etal., 2013). The mean annual out flow from

the lake is about 3.5 BCM. This is about 6.4 % of the total flow of the Blue Nile, which

contributes about 62 % of the total flow of the Nile at the high Aswan dam (McCartney

etal., 2008).
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1.1.2. Uses of water resources

According to Aylward (2013) people and ecosystems use freshwater for a wide variety

of purposes. Water uses can be classified based on whether or not the water is

consumed. The consumptive one denotes uses that partially or totally use up water

through evapotranspiration, contamination or other processes. These are water for

domestic and municipal needs, irrigation, and industry. The non-consumptive uses do

not reduce the volume of water available to that stage of the water cycle. These include

inland navigation, recreation and water sports, fisheries, hydro power production, and

ecosystem maintenance or services. Additionally water usage is also classified by

where it is used. Water is used in-situ either on land where it falls as precipitation or in

stream where it falls. More over water is abstracted and moved to where it is needed.

NBI (2016) reported that some of the varied water uses in the Nile basin riparian states

include hydro-power generation, municipal and industrial water supply, agriculture,

fishing, recreation, transport, tourism, and waste disposal.

Together the countries of the Nile basin use almost 90 % of the region’s renewable

water resources. Egypt and Sudan account for the largest water withdrawals at 57 and

31 % of the total renewable water withdrawals, respectively. The per capita

withdrawals for these two countries are almost 10 to 15 times higher than the amounts

withdrawn by other countries in the basin (FAO Aqua stat, 2005 in NBI, 2016).

Irrigated agriculture in Egypt and Sudan represents the single most important water

consumer. Extensive irrigation system well exceeding 4.5 million hectares exist in the

Nile Delta, along the Nile Valley in Egypt and northern Sudan, and around the

confluence of the Blue and White Nile near Khartoum. Formal irrigation in the other

riparian countries is very limited and is estimated at less than 50,000 hectares. Water

use for domestic and industrial purposes is relatively small. In spite of an estimated 232
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million people living within the Nile catchment, water for domestic and industrial use

is estimated at some 2 BCM per year (NBI, 2012).

Lake Tana used for local transport, electric power generation, fishing, ecological

restoration, recreational purposes and dry season irrigation supply (Chebud and

Melesse, 2009). The lake has a significant commercial fishery based on tilapia, barbels

and cat fish. Its endemic fish is prevented from spreading downstream by the Blue Nile

(Tis Abay) falls. Water birds are quite abundant and otters have been recorded in the

lake (NBI, 2012).

In addition Lake Tana is a multipurpose water body where many millions of people in

the region depend on its ecological and socio-economical values. In particular the lake

has 37 islands that are scattered on the surface of the lake and these islands shelter

fascinating churches and monasteries, some of which have histories dating back to the

13th and 14 th century. Due to the attractions of the lake and Blue Nile River, the Lake

Tana region is one of the leading tourist destination sites in Ethiopia. In June 2015

UNESCO registered the lake as world heritage site for its being rich in biodiversity

(Anteneh, 2015).

1.1.3. Threats on water resources

Even though water is an essential resource, the water resources of the world are facing

many threats. The problem is worst in the developing countries than developed

countries because of lack of money and technology for the wise use of the available

water resources.
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According to UNWWAP (2006) water resources face a host of serious threats, all

caused primarily by human activity. These include pollution, climate change, urban

growth and deforestation. Each of them has its own specific impact, usually directly on

ecosystems and in turn on water resources. If inadequately managed, activities like

farming, forest clearing, road building and mining can resulted in to too much soil and

suspended particles ending up in rivers. This damages aquatic ecosystems, impairs

water quality and hinders inland shipping. Pollution can harm water resources and

aquatic ecosystems. Major pollutants include organic matter and disease causing

organisms from waste water discharges, fertilizers and pesticides running off from

agricultural lands, acid rain resulting from air pollution, and heavy metals released by

mining and industrial activities. The effects of extracting too much water both from

surface water and ground water have been dramatic. Climate change appears to

increase existing pressures, for example in areas already suffering from water

shortages.

As usual the environmental resources of the Nile basin including water resources are

under increasing pressure from a combination of both natural and man-made factors.

Due to these pressures agricultural and grazing lands are being degraded; water quality

is declining; wetlands and forests are being lost; natural resources are being exploited

at rates beyond their natural recovery rates; pollution from urban, industrial and

agricultural sources is increasing; water born diseases are spreading; and the harmful

impacts of floods and droughts are intensifying (NBI, 2012). The other problem in the

basin is water is becoming scarcer where the transitional river is shared by eleven

countries. Demand for water is rising at a faster rate than at any time in history. The

factors that have contributed to the rising demand for water include high population

growth rate, rapid urbanization and multiple water uses. The decline in water supplies

in the basin can be attributed to shortages and water contamination in the lower Nile

(Laki, 1998).
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According to Goshu and Aynalem (2017) some of the threats faced by Lake Tana and

the other water resources of the Lake Tana basin are eutrophication, climate change,

invasive weeds, unsustainable exploitation of fisheries, water abstraction, and solid and

liquid waste pollution. Anteneh (2015) reported that recently water hyacinth, one of the

most ecologically dangerous weed infestations has been reported on the shore areas of

the sensitive Lake Tana.

1.1.4. Land use and land cover change

Land cover is that which overlays or currently covers the ground, e.g. vegetation (trees,

bushes, fields and lawns), bare soil (even if this is a lack of cover), hard surfaces (rocks

and buildings), wet areas and bodies of water (wetlands, and sheets of water and water

courses) (European communities, 2001). But land use  is in terms of functional

dimension corresponds to the description of areas in terms of their socio-economic

purposes like residential, industrial, commercial, farming, forestry, recreation,

conservation and so on (Mucher etal.,1993 in  European communities, 2001).

Natural resources including land provide different ecosystem services for human

beings. According to Constanza etal. (1997) ecosystem services are the benefits

provided to humans through the transformation of natural resources including land,

water, vegetation and atmosphere in to a flow of essential goods and services e.g. clean

air, water and food. The report of MEA (2005) showed that the services provided by

the ecosystems to humans are provisioning services such as food, water, timber and

fiber; regulating services that affect climate, flood, disease, waste and water quality;

cultural services  that provide recreational, aesthetic and spiritual benefits; and

supporting services such as soil formation, photosynthesis and nutrient cycling.
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As reported by UNEP (2014) there are around 15 billion hectare of areas around the

world. Around 2 % of this area is covered by cities and infrastructures, and this area is

growing. Built-up land is expected to cover 4 to 5 % of the global land area in 2050.

Largely, built-up area is expanding at the expense of agricultural land. Agriculture uses

more than 30 % of the world land area, and cropland currently covers around 1.5

billion ha (around 10 % of the global land area). Over the last 5 decades the area used

for agriculture expanding at the expense of forests, in particular in tropical regions.

Over the same decades, deforestation has happened at a rate of around 13 Mha every

year. But, regional differences exist, with forest area in Europe increasing since 1990

and forest area in South America, Africa and south east Asia experiencing high rates of

loss.

According to FAO (2010) major land use change in Africa incorporates the

transformation of 75 million hectares of forest to agriculture and pasture between the

years 1990 and 2010, a rate second just to that in South America. In East Africa, about

13 million hectares of unique forest is lost over the same 20 year period, and the

remaining forest is fragmented and ceaselessly under risk.

It was found that there has been a substantial decline of shrub lands, wood lands and

forest cover and drastic expansion of cultivated land in the Ethiopian highlands from

the 1860s to the 1980s. The land use and land cover change from the 1980s to 2000s

showed continuous decline of shrub lands and forest cover, but improvements in

vegetation cover in some areas. The expansion of cultivated land continued to very

steep slopes and marginal lands (Muluneh, 2010). The north western highlands of

Ethiopia comprise an area in the upper Blue Nile Basin, which is mainly known as the

Abay basin. Land use change induced by population increase in the upper Blue Nile

catchment has contributed to century old land degradation (Hurni,1993

in Muluneh, 2010). The land use and land cover change in the region has not been

studied systematically over the last few decades.
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1.2. Statement of the problem

The Lake Tana basin is a valuable place ecologically and socio-economically.

Especially it is known by Lake Tana, many wetlands, and endemic plants and animals.

But the area is highly degraded mainly due to human activities. Land use and land

cover change, and its impact on hydrology is one of the major threats. Even though

there are some studies regarding this issue, they covered a portion of an area in the

basin and not coordinated.

These studies are Getachew and Melesse (2013) conducted study on the impact of land

use change on the hydrology of the Angereb watershed by using ERDAS and SWAT.

Geremew (2013) assessed the impact of land use and land cover change on the

hydrology of Gilgel Abay watershed by applying ARC GIS and SWAT. Andualem and

Gebremariam (2015) also evaluated the impact of land use and land cover change on

the stream flow and sediment yield in the Gilgel Abay watershed by using ERDAS and

SWAT. Chakilu and Moges (2017) conducted study on the land use and land cover

dynamics and its impact on the low flow of Gumara catchment by employing ERDAS,

GIS and SWAT.

But this research focuses on the impact of land use and land cover change on the runoff

in the Lake Tana basin which covered a large area from previous studies. Before

evaluating the hydrological process through evaluation of land use and land cover

change has been made. Scientific data about the land use and land cover change

between 1986 and 2001, 2001 and 2015, and 1986 and 2015 and also the impact of this

change on the runoff is presented in this work.
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1986, 2001 and 2015 are selected for this study because these time periods include two

regimes that are the Derge and EPRDF. These two governments have different policies

as a whole and land use policy in particular. The first growth and transformation plan

of Ethiopia that spans between 2010/11 and 2014/2015 had the main objective of

increasing the economic development of the country. This plan had its own impact on

the land use and land cover in Ethiopia and the Lake Tana basin in particular. The basin

is also selected as a development corridor by the current government.

The out puts of this research will call policy makers, other relevant Governmental

organizations and Non-governmental organizations to take urgent actions for the

sustainable management of the natural resources of the basin by preparing appropriate

plan.

1.3. Objectives of the study

The main objective of the research is to evaluate the impact of land use and land cover

change on the river flow of the Lake Tana basin.

The specific objectives include the following

 To assess land use and land cover change in1986, 2001, 2001 and 2015 in the

basin.

 To quantify the impact of this land use and land cover change on the runoff in

the basin.

 To quantify the impact of this land use and land cover change on the base flow

in the basin.
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1.4. Research questions

1. What is the trend of land use and land cover change in the Lake Tana basin between

1986 and 2001, 2001 and 2015, and 1986 and 2015?

2. What is the impact of land use and land cover change on the runoff in the basin in

quantitative terms?

1.5. Significance of the study

The Lake Tana watershed is one of the 34 Great Biodiversity Hot spots of the world

(East African Afro-montane) and a productive agro-ecosystem of Ethiopia. The

watershed is home to a number of endemic plants and considered as global priority

conservation area. The recent development and transformation strategy of Ethiopia

considered the watershed as a major development corridor likely to change

socioeconomic status and biophysical landscapes (Seid and Getenet, 2017). The Lake

Tana region is endowed with a large number of wetlands that are among the largest and

ecologically most important ones of Ethiopia and the Horn of Africa (Hailu, 2005 in

Heide, 2012).

In 2015 Lake Tana has been nominated as a new UNESO Biosphere reserve under the

UNESCO Man and the Biosphere program. It is Ethiopia’s fourth natural heritage

inscribed by UNESCO, after Simien Mountains National Park, Lower Valley of the

Omo and Lower Valley of the Awash (Goshu and Aynalem, 2017). The Blue Nile head

waters also originate from the outlet of the lake (Block etal., 2007).
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Despite its importance at a national and international scale, Lake Tana and its

contributing catchments are under significant threats. To sustainably manage this basin

first the problems must be identified. So this study will play its part by providing

important information on land use and land cover change and its impact on hydrology

of the basin by using SWAT model. After the impacts are assessed future predictions

could be made for any interventions. Such quantitative information will pave the way

for knowledge based decisions to utilize the land and water resources of the basin. In

this study all major river catchments considered as focal areas for development are

included.
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CHAPTER TWO

2. LITERATURE REVIEW

2.1. Land use and land cover change

According to FAO (1995) the degree as well as the extent of the problem of land use

and land cover change varies from region to region and it can be caused by both direct

and indirect factors. The direct causes are production on steep slopes and fragile soils

with inadequate investments in soil conservation, erratic and erosive rainfall patterns,

declining use of fallow, limited recycling of dung and crop residues to the soil, limited

application of external sources of plant nutrients, deforestation, and over-grazing.

Underlying these proximate causes are population pressure, poverty, high cost of

agricultural inputs, limited access to credits, low profitability of agricultural production

and many conservation practices, fragmented land holdings and insecure land tenures,

and farmers lack of appropriate technology. All these in turn are affected by the

government policies related to infrastructural development, market development, input

and credit supplies, land tenure, agricultural research and extension, conservation

programs, and local governance.

Roughly 40 % of the Earth’s land is affected by agriculture and 85 % has some level of

anthropogenic influence (Sanderson etal., 2002 in Minale and Belete, 2017). In the past

40 years land use and land cover change has been considerably impacted the

biogeochemical cycle leading to modifications in surface atmospheric energy

exchanges, carbon and water cycle, soil quality, biodiversity, ability of biological

systems to support human needs, and ultimately climate at all scales (Overmars and

Verburg, 2005). In addition changes in land use and land cover accelerate soil erosion

rates causing soil degradation, and constituting important pollution of water bodies and
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impact on aquatic ecosystem (Rompaey etal., 2007). There are many studies on land

use and land cover change at regional, national and local levels.

A land use and land cover change analysis was conducted for Maverick County in texas

from 1992 to 2001. The result showed an increase in urbanization while decreasing in

agriculture (Muhlestein, 2008). In this case urbanization is expanding mainly at the

expense of agriculture. This has a negative impact by decreasing the crop productivity.

According to Zhang etal. (2008) the Australian landscape, like many countries, has

under gone a significant change. The extent of native forests in Australia has steadily

decreased over time since European settlement. The establishment of towns and cities,

mining, and a range of other factors have all reduced forest cover, however land

clearing for agriculture played most significant role.

The land use and land cover change study in the Sukinda valley in India showed that

mining between 1975 and 1992 increased by 1.3 %, and between 1992 and 2005 also

increased by 1.6 %. But dense forest area decreased in both periods by 6.2 % and 2.3 %

respectively. Water body decreased during the first period and increased during the

second period. There was a continuous increase in non-forest area which may be

attributed to an increase in settlement area, barren land and deforestation activities

(Majumder, 2010).
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The land use and land cover change in Islamabad, Pakistan evaluated between 1992

and 2012. Agriculture, built up area and water body increased between these times. But

forest land and bare land showed a declining trend. The underlying causes for these

changes are economic development, climate change and population growth (Hassan

etal., 2016). At the city of Riyadh in Saudi Arabia, urban / built-up area covered 330

km2, 477 km2 and 626 km2 in 1990, 1998 and 2009 respectively and it showed a

constant increase. Vegetation covered 38 km2, 77 km2 and 119 km2 in 1990, 1998 and

2009 respectively also increased continuously. Especially the vegetation cover between

1998 and 2009 increased because of the various initiatives to make the city green. Soil

and sand cover decreased continuously in all these years (Rahman, 2016).

In the case of Africa, Maitima etal. (2009) reported that land use change in East Africa

have transformed land cover to farm lands, grazing lands, human settlements and urban

centers at the expense of natural vegetation. These changes resulted in deforestation,

biodiversity loss and land degradation.

Land resources in Kenya faces major challenges particularly due to population growth.

This creates pressure on land resources and leads to poor land use practices such as

intensification of cultivation, expansion of cultivated land, over grazing and harvesting

of trees for fuel wood. Consequently degradation of the environment would finally lead

to lower productivity of natural resources (Agustina, 2008).

Most of the land in Ethiopia is being used by small holders who farm for subsistence.

With the rapid population growth and in the absence of agricultural intensification,

small holders require more land to grow crops and earn a living, it results in

deforestation and land use conversions from other types of land cover to crop land

(Geremew, 2013). Hurni etal. (2010) also explained that although more than 90 % of

the Ethiopian high lands were once forested, today a mere 20 % of this area is covered
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by trees and the percentage of forest cover is less than 4 %. This is evidence of a high

incidence of degradation of vegetation in the past, which has continued to the present.

There are also many studies on land use and land cover change in Ethiopia and some

which coincide with the context of this study are reviewed below.

According to Zewdu etal. (2016) in Sego irrigation farm in Southern Ethiopia intense

cultivation covered 40.9 % in 1984 but decreased to 37.2 % and 18.4 % in 1995 and

2010 respectively. Dispersed cultivation increased from 38.1 % in 1984 to 51.1 % and

60.7 % respectively. Fallow land increased constantly in all these times and it has its

own benefits by increasing the fertility of soil and conserving the soil. Bare land

decreased between 1984 and 1995 but increased between 1995 and 2010. The water

body/swamp has reduced from its 0.8 % coverage in 1984 to 0 % and also 0% in 2010.

Land use changes have been attributed to factors such as population pressure,

urbanization and other environmental changes associated with farming and fuel wood

demand.

Assefa (2010) analyzed the impact of the 1984/85 government sponsored resettlement

program on the land use and land cover change in the selected resettlement kebeles

(Tula-Kuti and Beyemo) of Gimbo woreda, Kafa zone. In the Tula-Kuti kebele natural

forest increased between 1973 and 1987 but declined between 1987 and 2006. Wood

land and shrub land decreased constantly in all these years. But both cultivated land

and settlement increased continuously. In the Beyemo kebele natural forest declined

between 1987 and 2006. Marsh land also decreased significantly between these years.

But cultivated land and settlement have increased.
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Fentahun and Gashaw (2014) reported that in the Bantneka watershed in southern

Ethiopia between 1986 and 2000 annual cereal crop land and perennial cropland

increased but between 2000 and 2006 decreased. As a result mixed land and wood land

decreased in the first period and increased in the second period. Settlement land

showed continuous increment.

Study on land use and land cover change in the Bale mountain eco-region of Ethiopia

showed that forest cover decreased from 20.8 % in 1985 to 20.6 %, 18.8 % and 17.5 %

in 1995, 2005 and 2015 respectively. Grass land and shrub land also decreased

continuously. But farmland and urban settlement increased continuously. Farm land

and urban settlement expansion were found to be major drivers of land use and land

cover change (Hailemariam etal., 2016).

Arti etal. (2015) investigated the perception and adaptation strategies followed in

response to undesired LULC changes in the two districts of Adami Tulu Jido

Kombolcha and Arsi Negele in the Central Rift Valley of Ethiopia. The land use and

land cover change analysis done in 1973, 1986, 2000 and 2014. The area covered with

forest declined from 10 % in 1973 to 7 %, 4.8 % and 4.4 % in 1986, 2000 and 2014

respectively. Like forest cover, wood land and water body declined constantly. Grass

land increased between 1973 and 1986 and then continuously decreased from 1986 to

2014. Crop land increased from 11 % in 1973 to 23 %, 30.1 % and 46.7 % respectively.

Crop land expanded at the expense of all other land cover types. Population growth,

drought, social unrest, government change and land tenure policy were perceived as the

major drivers underlying these changes.
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Gebrehiwet (2004) studied on land use and land cover change in Yerer Mountain and

its surroundings in the Central highlands of Ethiopia between 1971/72 and 2000. The

results revealed that cultivated land increased from 25 % in 1971/72 to 56.4% in 2000

where as cultivated land expanded at the expense of grass lands. As a consequence

grass land decreased from 65.4 % in 1971/72 to 32.7 % in 2000. The area which was

under mainly Juniperus procera in 1971/72 changed to dense shrub land where Juniper

trees became remnants, while the overall size also decreased. Open shrub land, wet

land and water body increased between these periods.

In the Gilgel Gibe catchment in the south western part of Ethiopia agricultural land and

urban area increased continuously in 1987, 2001 and 2010. Forest cover increased

between 1987and 2001 but decreased between 2001 and 2010. In the opposite range

land decreased in the first period but then increased in the second period. Water body

decreased continuously through all these years (Takala et al., 2016 a).

Land use and land cover change analysis in the Gelana sub-watershed in the Northern

highlands of Ethiopia showed that cultivated land, urban area and bare land increased

continuously in 1964, 1986 and 2014. Forest cover decreased dramatically from 14.5 %

in 1964 to 3 % in 1986 and increased to 5.41 % in 2014. In the contrary shrub land and

grass land increased between 1964 and 1986 but decreased between 1986 and 2014.

Wetland decreased continuously in all these years. The observed land use and land

cover changes were driven by population growth, cultivated land and rural settlement

expansion, and growing demand for forest for extraction of fuel and construction

materials (Miheretu and Yimer, 2017).
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The object based land use and land cover classification in Ofla wereda of Tigray region

revealed a 49.2 % reduction and 18 % increase in forest cover occurred during the first

(1972-1986) and second (1986-2013) study periods respectively. Similarly water body

decreased by 11.1 % in the first and increased by 9.3 % during the second period.

However, grass land increased during the first period but decreased in the second

period. Crop land increased in both periods by 31.7 % and 13.8 % respectively. The

major underlying causes for these changes are population growth and land tenure

insecurity (Zinna, 2014).

In the Gilgel Tekeze catchment in northern Ethiopia between 1976 and 1986 forest

cover decreased but between1986 and 2008 its coverage increased. Shrub-bush land

and grazing land decreased continuously. However cultivated land, settlement and

flood plain increased continuously. Bare land increased during the first period but

decreased during the second period (Tesfaye etal., 2014).

Tadesse etal. (2017) investigated land use and land cover change of the Yezat

watershed of north western Ethiopia in 2001, 2010 and 2015. Grass land and wood land

decreased between 2001 and 2010 but increased between 2010 and 2015. In the

contrary cultivated land increased during the first period and decreased during the

second period. Homesteads increased and shrub/bush land decreased continuously

during these times.

In the Fincha’a sugar estate in the north western part of Ethiopia the natural forest

cover declined from 17.3 % in 1984 to 10.2 % and 8.7 % in 2005 and 2009

respectively. The total natural forest cover cleared between 1984 and 2009 amounts to

3186 ha. Grass land also decreased continuously. Sugar cane farm increased from

18.24 % in 2005 to 23.94 % in 2009. The other farm land other than sugar cane and

water body decreased between 1984 and 2005 and increased between 2005 and 2009.
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Built up land and bush land increased continuously in the specified years. This area had

experienced a drastic change in its land use and land cover conditions between 2005

and 2009 because of rapid increase in human settlement, deforestation and irrigation

development (Kitila etal., 2013).

In the densely populated Dembecha area in Gojjam in the north western highlands of

Ethiopia, which had a long history of land degradation the natural forest cover declined

persistently from 27.1 % in 1957 to 1.7 % and 0.3 % in 1982 and 1995 respectively.

Plantation was almost 0 % in 1957 and 1982 and then increased to 1.9 % in 1995. The

increase in plantation cover was mainly attributed to tree plantation by government

afforestation program. Grass land and bush land decreased constantly. Conversely

cultivated land, shrub land, bare land and small towns increased continuously.

Cultivated land from 39.5 % in 1957 increased to 70.2 % and 77.1 % in 1982 and 1995

respectively (Zeleke and Hurni, 2001).

A land use and land cover change study done in the Chemoga watershed in the north

western highlands of Ethiopia in 1957, 1982 and 1998. Forest cover increased by 19%

between 1957 and 1982; and by 27 % between 1982 and 1998. Grass land/ degraded

land and riverine trees decreased in both periods. Wood lands and shrub lands

decreased during the first period but increased during the second period. In the opposite

farm land and settlement; and marsh land increased during the first period but

decreased during the second period. Pond increased by 100 % between 1982 and 1998

(Bewket, 2002).

Oumer (2009) conducted a comparative study on the LULC change in Lenche Dima

(Gubalafto district) and Kuhar Michael (Fogera district in the Lake Tana basin) of the

Amhara National Regional State. Time series satellite images that incorporate Landsat

MSS, TM, ETM+, and ASTER, which covered the period between 1972/73 and 2005
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were utilized. Analysis of data was accomplished through integrated use of ERDAS

IMAGINE, ENVI and ARCGIS software packages. The analysis revealed that

cultivated land have a net increment in Kuhar Michael but decreased in Lenche Dima.

This is because of the implementation of watershed management practices in Lenche

Dima.

2.3. The impact of land use and land cover change on the runoff

According to Getachew and Melesse (2013) to visualize the future effects of land use

change on river flow, it is important to have an understanding of the effects of historic

land use change on the watershed hydrological system. Agarwal etal. (2000) reported

that land use change has undesirable and significant global, ecological trend which in

turn affects the quantity of water.

The impact of land use and land cover change on the hydrological cycle is not yet

adequately assessed. However, a massive removal of forest in the Amazon has led to a

decrease in evaporation and precipitation in the region. Both surface water and

groundwater flows are significantly affected by type of land cover (Turner etal., 1995

in Minale and Belete, 2017).

Gyamfi etal. (2016) modeled hydrological response to land use and land cover changes

in the Olifants basin of South Africa. Changes occurred in urban, agriculture, range

land, forest and water body in 2000, 2007 and 2013. The result revealed that most

significant changes were observed in urban areas, agricultural lands and range lands.

Urban and agricultural areas continually increased in the specified years. Urban area

increased from 13.2 % in 2000 to 22.4 % and 23.7 in 2007 and 2013 respectively.

Similarly agricultural areas increased from 15.2 % in 2000 to 21.3 % and 35.3 %

respectively. But range land persistently decreased from 69.2 % in 2000 to 52.4 % and
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37.6 % respectively and making it the land use type to have received the most

significant reduction in these years. The reduction in range land was mainly due to its

conversion in to agricultural and urban areas. Due to this land use and land cover

change surface runoff increased continually from 30.9 mm in 2000 to 44.9 mm and

45.4 mm in 2007 and 2013 respectively. At the same time groundwater decreased

persistently from 34.21 mm in 2000 to 23.84 mm and 21.5 mm respectively.

Tadele and Forch (2007) evaluated land use and land cover change and its consequent

impacts on stream flow in Hare River watershed in Southern Rift Valley Lakes basin of

Ethiopia by integrating remote sensing, GIS and SWAT. The LULC change

examination demonstrated that farmland and settlement increased persistently from

16.5 % in 1967 to 28.3 % and 52 % in 1975 and 2004 respectively. On the other hand

forest cover, grass lands and riverine trees diminished continuously. Wood land

increased between 1967 and 1975 but decreased between 1975 and 2004. As a result

mean monthly discharge for wet months has increased by 12.5% while in the dry

season decreased up to 30.5 % within the 1992-2004 periods because of LULC change.

Accordingly, at present this river just fulfills 15.75 % of downstream irrigation demand

even with 100% on site diversion during the dry season.

Lake Hawassa watershed which is part of the Central Rift Valley system of Ethiopia

has an area of 1440 km2. LULCC of the water shed in1986, 1999 and 2011 was

analyzed from Landsat satellite images using supervised classification. The result

showed a continuous decline in forest cover and a continuous increase in wood land in

these periods. Grass land decreased between 1986 and 1999 but increased between

1999 and 2011. Conversely crop land increased between 1986 and 1999 but decreased

between 1999 and 2011. Despite the irregular rain fall pattern and increased water

consumption from the catchment, the annual discharge of Tikur-Wuha River to Lake

Hawassa shows an increasing trend. The increase is not only related to the upstream

LULCC but also to the degradation of the Cheleleka wetland. The capacity of the
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wetland to reserve water decreased as a result of its degradation due to human pressure

including intensive drainage for agriculture, unregulated grazing, grass harvesting and

increased sediment deposition (Kebede etal., 2014).

The land use and land cover change have been assessed in the Gilgel Gibe catchment.

Agricultural land and urban area increased continuously in 1987, 2001 and 2010. Forest

cover increased between 1987 and 2001 but decreased between 2001 and 2010. In the

opposite range land decreased in the first period but then increased in the second

period. Water body decreased persistently through these years. This land use and land

cover change has significant effect on infiltration rate, runoff production, water yield,

sediment loading, evapotranspiration and water retention capacity of the soil of the

catchment. For example surface runoff decreased from 388.04 mm in 1987 to 378.79

mm in 2001 and then increased to 394.07 mm in 2010. As a result of decreasing

percolation rate, total aquifer recharge has decreased throughout the study period. But

the rate of decreasing is maximum from 2001 to 2010 when compared with the rate of

1987 to 2001. The decreasing rate between 2001 and 2010 would be related with

increasing agricultural land, settlement and bare land. The land use change is affecting

capacity of soil mass to attain large moisture (reducing infiltration rate) as a result the

coming precipitation will be subjected to losses. This indicates that the rain fall- runoff

relationship has altered as a result of land use and land cover change (Takala etal., 2016

a; Takala etal., 2016 b).

Berga (2011) studied on the effect of land use change on hydrology of Akaki

catchment. The result showed that cultivated land and settlement both increased

continuously in 1973, 1986 and 2000. But forest land and grass land decreased

persistently in these years. The water body coverage was similar between 1973 and

1986 but increased between 1986 and 2000. The evaluation of the SWAT model

response to these land use and land cover changes shows annual stream flow was

increased by 9 % from 1973 to 1986 and by 17 % from 1986 to that of 2000. The mean
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wet monthly flow increased by 7 % in the first period and by 16 % in the second

period. On the other hand mean dry monthly flow decreased by 2.6 % and 4 % in the

first period and second period respectively.

Getahun and Van Lanen HAJ (2015) reported that the growth of population and its

effect on the land use-cover change has been influencing the hydrology of the Melka-

Kuntrie basin, in the Upper Awash River basin by changing the magnitude of stream

flow and groundwater flow. Forest, shrub/grass and agricultural land were the major

land use/cover types in the basin. The classified forest, shrub/grass and agricultural

land for the basin indicated that most of the forest and shrub/grass lands that were in

1986 converted in to agricultural land in the year 2003.  Agricultural expansion was the

major driver of land use change in the area. In the year 1986 forest, agricultural,

shrub/grass land covered 19 %, 45 % and 36% respectively. However for the year 2003

forest, agricultural and shrub/grass cover changed to 11 %, 63 % and 23 %

respectively. The land use in 2003, which was mostly converted to agricultural land

from forest and grass or shrub land showed an increased stream flow in the main rainy

season, while the stream flow in dry or small rainy season indicated inconsistency from

month to month. In the same time there was a decrease in evapotranspiration in 2003

land use. The stream flow increased by 2003 land use was 25% in June, 4% in July, 6%

in August and 9% in September for the main rainy season as compared to the 1986 land

use.

According to Welde and Gebremariam (2017) in the Tekeze dam watershed land cover

change had a significant impact on modeled watershed response due to the transition

from grass and shrub land to agricultural land. Cultivated land, natural forest,

plantation, bare land and water increased but grass land, shrub land and wood land

decreased between 1986 and 2008. Simulation results for this watershed indicate that

increasing bare land and agricultural areas resulted in increased annual and seasonal

stream flow and sediment yield in volumes. The mean annual stream flow was
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increased by 6.2 % and sediment yield increased by 17.39 % between 1986 and 2008

due to LULC dynamics.

Bewket and Sterk (2005) analyzed change in stream flow patterns with reference to

change in LULC in the Chemoga watershed. The outcome demonstrated that, between

1960 and 1999, the annual stream flow decreased at a rate of 1.7 mm/year, while the

annual precipitation decreased just at a rate of 0.29 mm/year. The decrease in the

stream was more pronounced during the dry season (October-May), for which a

statistically significant decline (0.6 mm/year) was observed while the relating

precipitation demonstrated no noticeable pattern. The wet season (June to September)

precipitation and stream flow did not demonstrate any patterns. The observed adverse

changes in stream flow have partly resulted from changes in LULC of the watershed

that included destruction of natural vegetative cover, expansion of croplands,

overgrazing and expanded territory under eucalyptus plantations. The other variable

has been the increased dry season water abstraction due to the increased human and

live stock populations in the area.

2.4. Remote Sensing and GIS

Remote Sensing and GIS is used in this study. Remote Sensing is the science and art of

obtaining information about an object, area or phenomenon through an analysis of the

data acquired by a device which is not in contact with the object, area or phenomenon

under investigation (Reddy, 2008). It is further required that such sensing may be

achieved in the absence of any matter in the intervening space between the object and

the observer. Consequently, the information about the object, area or any phenomenon

must be available in a form that can be impressed on a carrier vacuum. The information

carrier or communication link is electromagnetic energy. Remote sensing data basically

consist of wave length intensity information acquired by collecting the electromagnetic

radiation leaving the object at specific wave length and measuring its intensity.
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GIS is decision support computer based system for collecting, storing, presenting and

analyzing geographical spatial information (Reddy, 2008). These systems are spatially

referenced databases giving users the potentiality to control quires over space and

usually through time. The basic output of GIS or spatial data analysis system is a map

and / or attribute tables.

ERDAS IMAGINE and ARC GIS

The common softwares used in Remote Sensing and GIS are ERADS IMAGINE and

ARCGIS. Most of the time ERDAS IMAGINE is used to process remotely sensed data

or satellite images and to classify the land use and land cover types of a certain area.

Hillier (2007) explained that ARC GIS is a collection of software products created by

ESRI that includes desk top, server, mobile, hosted and online GIS products. These

softwares have been used to analyze geo referenced data.

2.5. Hydrological models

According to Lastoria (2008) hydrological models are simplified systems to quantify

the processes of the hydrological cycle in an entire river basin or parts of it. They are

based on a set of interrelated equations that try to convert the physical laws, which

govern extremely complex natural phenomena to abstract mathematical forms.

Different varieties of models can be used, depending upon the conceived output, the

existing data base, input variables and required analysis.
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Based on spatial description, the hydrological models can be classified in to three main

categories: lumped models, semi-distributed models and distributed models. In lumped

models the whole catchment is considered as a single entity, spatial variations are

averaged or ignored and basin response is evaluated only at the outlet. In semi-

distributed models spatial variation is partially allowed by dividing the basin into a

number of sub basins. In distributed models spatial variability of processes, input,

boundary conditions, watershed characteristics and output is defined by the user and

strictly dependent by the resolution of available data. Semi-distributed models are more

physically based than lumped models and less demanding on input data than fully

distributed models (Lastoria, 2008).

Furthermore hydrological models could be classified as event-driven and continuous-

process models based on duration of simulation. An event model simulates a single

storm. Event models are used particularly when direct runoff is a major contributor to

total run off, hence these models have no provisions for moisture recovery between

storm events and there for are not suited for the simulation of dry weather flows. But

continuous model simulates instead a longer period, predicting watershed response

both during and between precipitation events. Continuous models take explicit account

of all runoff components, including direct runoff and indirect runoff and are suited for

simulation of daily, monthly or seasonal stream flows, usually for long term runoff

volume for casting and estimates of water yield (Cunderlik, 2003 in Lastoria, 2008).

SWAT model which is used in this study is one of the most common hydrological

models and applied for a number of watersheds around the world. It is semi-distributed

and continuous-process model. It is selected from other models because it is more

physically based than lumped models and less demanding on input data than fully

distributed models. SWAT is integrated with ARCGIS and accepts input data from

remote sensing and GIS.



27

2.6. SWAT model application in Ethiopia

The SWAT model was examined for its applicability for the assessment of water

resources in the Upper Awash watershed by Chekol etal. (2007). The study showed that

the model can produce reliable estimates of daily, weekly and monthly discharge and

also monthly sediment yield with relatively high Nash-Sutcliffe model efficiencies.

Another study was done in the Shaya mountainous watershed in southeastern Ethiopia

by Shawul etal. (2013). Calibrated SWAT model performed well for simulation of

monthly stream flow. Statistical model performance measures are coefficient of

determination (R2) of 0.7, the Nash–Sutcliffe simulation efficiency (ENS) of 0.7 and

percent difference (D) of 3.7, for calibration and 0.8, 0.8 and 3.3, respectively for

validation, indicated good performance of the model simulation on monthly time step.

Analysis of runoff and sedimentation in the Blue Nile basin of Ethiopia is done using a

modified version of SWAT model by Easton etal. (2010). Model predictions showed

reasonable accuracy of ENS ranged from 0.5-0.9 with measured data across all sites

except Kessie. Setegn etal. (2008) also indicated that the SWAT 2005 model was

successfully calibrated and validated in the Lake Tana basin using different algorithms.

Despite data uncertainty, the model produced good simulation results for daily and

monthly time steps. The calibrated model can be used for further analysis of the effect

of climate and land use changes as well as other different management scenarios on

stream flow and of soil erosion.

In addition Geremew (2013) reviewed studies on hydrological and sediment modeling

using SWAT. These are Awulachew et al. (2008) indicated that stream flow and

sediment yield simulated with SWAT were reasonably accurate in the Gumara

watershed, in Lake Tana basin. Gessese (2008) reported that the SWAT model

performed well in predicting sediment yield to the Legedadi reservoir. This study

further put that the model proved to be worthwhile in capturing the process of stream
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flow and sediment transport of the watersheds of the Legedadi reservoir. Setegn etal.

(2009) tested the SWAT model in Anjeni gauged watershed. The study found that the

observed values showed a good agreement at ENS of 80 %. Tekle (2010) through

modeling of Bilate watershed also indicated that SWAT Model was able to simulate

stream flow at reasonable accuracy.

Kiros etal. (2015) also reviewed on performance evaluation of SWAT model for land

use and land cover changes in semi-arid climatic conditions. They concluded that

application of SWAT and land use and land cover simulation models for impact

assessment in semi-arid region improves accuracy, reduces costs and allows the

simulation of a wide variety of conservation practices at watershed scale.
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CHAPTER THREE

3. MATERIALS AND METHODS

3.1. Description of the study area

3.1.1. Location

Located in North Western Ethiopia, the Lake Tana watershed with its many feeder

rivers and wide wetlands, with 3000 km2 lake area, numerous forested islands, and the

breath-taking Blue Nile Falls is a huge biodiversity hotspot. The Lake Tana region has

global significance as an important habitat for aquatic and migratory birds (NABU,

2013). Geographically situated between latitude 10O 58’- 12O 47’ N and longitude 36O

45’- 38O 14’ E, the watershed consists of 347 kebeles and 21 woredas (districts) in four

administrative zones (IFAD, 2007 in Heide, 2012). Tana basin is also the second

largest basin of the bigger Blue Nile basin and covers an area of 15,114 km2. The

highest elevation is 4100 m.a.s.l with average elevation of 2025 m.a.s.l, however at

Blue Nile outlet, at Lake Tana it is 1785 m.a.s.l (Goshu and Aynalem, 2017).

Lake Tana is approximately 84 km long and 66 km wide and is confined in a very wide

lava dammed depression at an altitude of 1,800 m.a.s.l. It is a shallow fresh water lake

(Wood and Talling, 1988). According to Ayenew (2009) the volume, maximum and

average depths are 28 km3, 14 m and 9 m respectively. The total lake surface area is

3,156 km2. This however, varies between 3,000 and 3,500 km2 depending on the input

from precipitation and rivers during different seasons. The lake level was regulated

since the construction of the control weir at the outlet of the Blue Nile in the 1990s.

This regulates the flow to the Blue Nile Fall and Tis-Abay hydropower station. More

than 40 rivers feed the lake. The main feeder rivers are Gilgel Abay, Gumera, Rib,
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Megech, Gelda and Infranz, which contribute more than 95 % of the inflow. The only

surface water that drains out of the lake is the Blue Nile River.

Figure 1. Location map of the Lake Tana basin

3.1.2. Climate

The climate of the region is ‘tropical highland monsoon’ with one rainy season

between June and September (Kebede etal., 2006). The mean annual rainfall, actual

evapotranspiration and water yield of the Lake Tana catchment area is about 1280 mm,

773 mm and 392 mm respectively. The air temperature shows large diurnal but small

seasonal changes with an annual average of 20 OC. The mean annual relative humidity

(1961-2004) at Bahir Dar station is 0.65 (Setegn etal, 2008). Atmospheric temperature
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decreased by 0.7 OC per 100 m and ranges from 13 to 22 OC (Goshu and Aynalem,

2017).

Below figure 2 to 7, and figure 8 show average monthly and annual rain fall from 1986

to 2015 for some of the selected weather stations in and around the Lake Tana basin

respectively.

Figure 2. Mean monthly rainfall for Gondar weather station for the period of

1986-2015
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Figure 3. Mean monthly rainfall for Debre Tabor weather station for the period

of 1986-2015

Figure 4. Mean monthly rainfall for Enjbara weather station for the period of

1986-2015
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Figure 3. Mean monthly rainfall for Debre Tabor weather station for the period

of 1986-2015
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Figure 3. Mean monthly rainfall for Debre Tabor weather station for the period

of 1986-2015

Figure 4. Mean monthly rainfall for Enjbara weather station for the period of

1986-2015
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Figure 5. Mean monthly rainfall for Delgi weather station for the period of 1986-

2015

Figure 6. Mean monthly rainfall for Deke Istifanos weather station for the period

of 1986-2015
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Figure 5. Mean monthly rainfall for Delgi weather station for the period of 1986-

2015

Figure 6. Mean monthly rainfall for Deke Istifanos weather station for the period
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Month

Delgi

Month

Deke Istifanos

33

Figure 5. Mean monthly rainfall for Delgi weather station for the period of 1986-

2015

Figure 6. Mean monthly rainfall for Deke Istifanos weather station for the period

of 1986-2015
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Figure 7. Mean monthly rainfall for Bahir Dar weather station for the period of

1986-2015

Figure 8. Mean annual rainfall of selected weather stations of the Lake Tana

basin for the period of 1986-2015
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Figure 7. Mean monthly rainfall for Bahir Dar weather station for the period of

1986-2015

Figure 8. Mean annual rainfall of selected weather stations of the Lake Tana

basin for the period of 1986-2015
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Figure 7. Mean monthly rainfall for Bahir Dar weather station for the period of

1986-2015

Figure 8. Mean annual rainfall of selected weather stations of the Lake Tana

basin for the period of 1986-2015
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3.1.3. Soils

Flat and undulating plateaus within the Amhara National Regional State are major

agricultural areas. Major soils in these areas include Vertisols, Acrisols, Luvisols and

Nitosols. In flat depression areas like the Tana plain Vertisols and Luvisols are

dominant (DSA/SCI, 2006 in Mundt, 2012), while the soils of islands, peninsulas and

surrounding wetlands, and dry uplands of Lake Tana are dominated by Chromic

Luvisols, Eutric Luvisols, Lithic Leptosols, Eutric Leptosols and Haplic Luvisols

(Mundt, 2012). Flood plains of Fogera, Libo Kemkem and Dembia places, and the river

mouth delta of Stumit, Kristos Semera, Nabega, Angara and Dirma area are dominated

by alluvial deposits (Goshu and Aynalem, 2017). The Lake Tana bottom consists of

basalt mostly covered with a muddy substratum with only little organic matter (Howell

and Allan, 1994 in Mundt, 2012).
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Figure 9. Soils in the Lake Tana basin (Source: Tana Sub-Basin

Organization)
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3.1.4. Flora and fauna

According to Wassie (2017) the major forest resources in the Amhara region are

afroalpine and sub-afro alpine forests, dry evergreen montane forest and evergreen

scrub, Combretum terminalia woodland, Acacia commiphora woodland, bamboo

forests, and plantations. The overall forest cover shows a slight increase in the last 15

years due to eucalyptus plantation and rehabilitation efforts in some parts of the region.

But the size and quality of afro alpine and sub-afro alpine vegetation, the high Dry

afromontane forests, bamboo forests and the woodlands have decreased. These

ecosystems have also suffered considerable degradation in structural and species

composition. This has resulted into a serious loss of indigenous biodiversity and

created opportunities for invasive species.

The potential natural vegetation of the Lake Tana area comprises of dry evergreen

afromontane timberland and grassland complexes, Lake Tana as freshwater lake,

freshwater marshes and swamps, flood plains and lake shore vegetation, Combretum

Terminalia woodland, and wooded grassland (Friis etal., 2010 in Mundt, 2012).

Lake Tana is the largest lake in Ethiopia with a surface area of 3,150 km2. The  littoral,

sub-littoral and pelagic zones constitute around 10%, 20% and 70 % of the total lake

surface area respectively. The sub-littoral intermediate zone contains no macrophytes

(Abdissa, 2010). The littoral region of the eastern and southern part of the lake is

dominated by papyrus reed (Cyperus papyrus), common cattail (Typha latifolia) and

common reed (Phragmites karka), whereas Persicaria senegalensis, hippo grass (Vossia

spp.), bullrush (Scirpus spp.) and Nymphaea lotus are common (Muluneh, 2005 in

Vijverberg etal., 2009). Common submerged macrophytes are Ceratophyllum demersum

and Vallisneria Spiralis (Vijverberg etal., 2009).
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Goshu etal. (2009) reported that Labeobarbus spp., Oreochromis niloticus, Claris

gariepinus and Varchrominus beso are commercially essential fish species in the

Lake Tana. The Population densities of Labeobarbus spp. and V.beso were

significantly declining rather than the abundance of O.niloticus and C.gariepinus

during the research period of January 2000 to December 2003. The most likely

explanations for the declining densities of Labeobarbus spp. are the destructive

increment of the commercial gill net fishery targeting the spawning aggregations of

Labeobarbus in the river mouths, utilization of harmful plant materials and

expanding pattern of stream disconnectivity and channelization.

3.1.5. Land use and land cover

According to Goshu and Aynalem (2017) the main land forms in and around Lake Tana

comprise plains, hills, mountains, mountain cliffs and depressions in different

proportions. The flat plains and depressions mostly are wetlands. The land use in the

basin is predominantly cultivable land (71%), grazing (9%), infrastructure (6%), forest

(3%) and others. The major type of land cover includes farmland, water bodies,

wetlands, forest, woodland, shrubs, range land, grass land and settlements.

Figure 10 and figure 11 below show land cover and land use in the Lake Tana basin

respectively as prepared by the Tana Sub-Basin Organization.



39
Figure 10. Land cover in the Lake Tana basin (Source: Tana Sub-Basin

Organization)
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Figure 11. Land use in the Lake Tana basin (Source: Tana Sub-Basin

Organization)
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3.1.6. Socio economics

The total population in the Lake Tana basin was estimated to be 3 million in 2007

(CSA, 2003). The largest city on the Lake Tana shore, Bahir Dar, has a population of

more than 200,000 and no less than 15,000 people are believed to live on the 37 islands

in the lake. The majority of the population lives in rural areas and their livelihoods are

mainly dependent on rain fed agriculture. Recession cropping, mainly for maize and

rice, is done in the wetlands bordering the lake shore (Alemayehu etal, 2009). The

basin is a densely populated area due to high population growth rate and immigration

(Minale and Rao, 2011 in Goshu and Aynalem, 2017).

Figure 12 below shows the projected human population from 2014 to 2017 from the

base year of 2007 in the weredas which found in and around Lake Tana basin. It shows

an increasing trend in all of the weredas. So it is possible to conclude that the

population will increase in the future in the basin.
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Figure 12. Projected human population from 2014 to 2017 from the base year of

2007 in the weredas of in and around the Lake Tana basin (Source:

CSA, 2013)

The Lake Tana basin supports different economic activities and agriculture is the major

one. The basin has huge potential for socioeconomic development and because of this it

has been identified as a major ‘economic corridor’ by the Ethiopian and regional

Government (Goshu and Aynalem, 2017). Lake Tana is also known by diverse species

of fish which is important source of food for the people around the lake and other parts

of the country. The islands and Blue Nile Fall (Tis Abay) downstream of the lake are

high tourist destination sites (Ayenew, 2009).
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2015 (Appendix 2 and 3). The other primary data is discussion with Governmental and

Nongovernmental officials, and the local people. Observations, image capturing and

note taking for some parts of the basin is also a primary data. The secondary data

collected is satellite images, DEM, land use and land cover, soils, and daily weather

and river discharge for the basin.

To analyze these primary and secondary data different softwares are used. These are

ERDAS IMAGINE 9.2, ARC GIS 9.3 and SWAT 2009 which is embedded in ARC

GIS. So the name and source of the input data needed for these softwares are listed

below in Tables 1 and 2.

Table 1. Name and source of the input data for ERDAS IMAGINE and

ARC GIS

No Name of Data Source

1 Landsat 8 (OLI) for 2015 GLOVIS

2 Landsat 7 (ETM+) for 2001 GLOVIS

3 Landsat 4-5 (TM) for 1986 GLOVIS

4

Ground Control Points in the

Lake Tana basin From field by using GPS
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Table 2. Name and source of the input data for SWAT model

3.3. Method of the study

3.3.1. Land use and land cover change

Landsat images of 1986, 2001 and 2015 was downloaded from GLOVIS

(glovis.usgs.gov) for the Lake Tana basin. Layer stacking, mosaicing and supervised

LULC classification performed by using ERDAS IMAGINE version 9.2. A total of 46

Ground control points collected by using GPS and used for accuracy assessment of the

No Name of data Source

1 DEM of the Lake Tana basin SRTM

2 Soil data of the basin MoWIE

3 Land use and land cover of the basin in 1986, 2001 & 2015

ERDAS IMAGINE

and ARC GIS

4

Daily Weather data of the 17 weather stations in and

around the basin from 1986 to 2015

 - Precipitation

 - Maximum & Minimum Temperature

 - Relative humidity

 - Wind speed

 - Solar radiation

NMA

5

Daily river discharge data of Gilgel-Abay, Rib, Gumera

and Megech from 1986 to 2015 MoWIE
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classified land use and land cover image of 2015 (Appendix 2 and 3). Land use and

land cover maps prepared using ARC GIS.

Table 3. Information on Landsat images of 1986, 2001 and 2015

Satellite ID Sensor

ID

Path/Row Date of

Acquisition

Spatial

Resolution

Cloud

Cover

Landsat 8 OLI

169/051

169/052

170/051

170/052

Feb 13,

2015

15 m and

30 m

0

Landsat 7 ETM+

169/051

169/052

170/051

170/052

Feb 05,

2001

30 m 0

Landsat  4-5 TM

169/051

169/052

170/051

170/052

Feb 21,

1986

30 m 0
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Table 4. Major LULC classes in the Lake Tana basin

Type of

LULC

Description

Agricultural

land

Land used primarily for the production or collection of farm commodities

(Schwarz etal., 1976).

Water Body Includes lakes, rivers, streams, reservoirs, etc.

Shrub land

Areas covered with woody vegetation mainly composed of shrubs (generally more

than 0.5 m and less than 5 m tall) with most of the individual shrubs not touching

each other (UNESCO, 1973 in Choudhury and Jansen, 1998).

Forest

Land spanning more than 0.5 hectares with trees higher than 5 meters and a

canopy cover of more than 10 percent, or trees able to reach these thresholds in

situ (FAO,2012).

Grass land

Plant communities in which grasses are dominant, shrubs are rare and trees absent

(Skerman & Riveros, 1990 in Choudhury and Jansen, 1998).

Wood land

Land not classified as forest, spanning more than 0.5 hectares; with trees higher

than 5 meters and a canopy cover of 5-10 percent, or trees able to reach these

thresholds; or with a combined cover of shrubs, bushes and trees above 10 percent

(FAO, 2012).

Bare land

Those ecosystems in which less than one third of the area has vegetation or other

cover. In general, barren Land has thin soil, sand or rocks. Barren lands include

deserts, dry salt flats, beaches, sand dunes, exposed rock, strip mines, quaries and

gravel pits.
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Table 4. Cont.

3.3.2. SWAT model

For this study the SWAT model was used to quantify the impact of land use and land

cover change on the runoff in the Lake Tana basin.

3.3.2.1. Description of SWAT model

Arnold etal. (2012) reported that the SWAT model is a continuous-time, semi-

distributed and process-based river basin model. It was developed to evaluate the

effects of alternative management decisions on water resources and nonpoint source

pollution in large river basins. The first version of SWAT was developed in the early

1990s and released as version 94.2.

According to Sudjarit etal. (2015) in SWAT modeling the watershed is divided into

multiple sub-watersheds, which are then further sub divided in to specific land

use/soil/slope characteristic units that are called Hydrologic Response Units (HRUs).

The computations in the SWAT model is based on the principle that the simulation of

the hydrology of a watershed can be separated into two major divisions. The first

Type of

LULC

Description

Built

Up Area

Areas which are characterized by an artificial cover which replaces the original (semi-)

natural cover (FAO, 1997 in Choudhury and Jansen, 1998).

Wetland

Land where saturated with water is the dominant factor determining the nature of soil

development and the types of plant and animal communities living in the soil and on

its surface (Cowardin et al.,1979 in Choudhury and Jansen, 1998).
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division is the land phase of the hydrologic cycle. The land phase of the hydrologic

cycle controls the amount of water, sediment, nutrient and pesticide loadings to the

main channel in each basin. The second division is the water or routing phase of the

hydrologic cycle, which can be defined as the movement of water, sediment etc

through the channel network of the watershed to the outlet. The land phase of the

hydrologic cycle is modeled in SWAT based on the water balance equation:-

= + ( , − , − , − , − , )
Where,

SWt = The final soil water content (mm)

SW0 = The initial soil water content (mm)

t = The time (days)

Rday,i = The amount of precipitation on day i (mm)

Qsurf,i= The amount of surface runoff on day i (mm)

Ea,i = The amount of evapotranspiration on day i (mm)

Wseep,i= The amount of percolation and bypass flow exiting the bottom soil profile

on day i (mm)

Qgw,i = The amount of return flow on day i (mm)

3.3.2.2. SWAT model input

GIS input required for SWAT includes DEM, soil data, land use and stream network

layers. Data on weather and river discharge also required for prediction of stream flow

and calibration purposes (Setegn etal., 2008). The five inputs are described below:-
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1. Digital Elevation Model

Topography is characterized by a DEM that depicts the elevation of any point in a

given area at a specific spatial resolution. The DEM used to delineate the watershed

and to examine the drainage patterns of the land surface terrain. Basin parameters such

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

as channel slope, length, and width will be derived from the DEM (Setegn etal, 2008).

For this study a 90 meter resolution DEM for the Lake Tana basin is derived from

SRTM and used to delineate the watershed.
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Figure 13. DEM of the Lake Tana basin (Source: SRTM)
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2. Soil Data

SWAT model requires diverse soil textural and physic-chemical properties such as soil

texture, available water content, hydraulic conductivity, bulk density and organic

carbon content for various layers of each soil type (Setegn etal, 2008).

Figure 14. Major soils in the Lake Tana basin (Source: MoWEE)
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The major soils of the Lake Tana basin that are shown in figure 14 are described below

according to IUSS Working Group WRB (2015).

1. Cambisols

Combine soils with at least an incipient subsurface soil formation.

Transformation of parent material is evident from structure formation and

mostly brownish discoloration, increasing clay percentage, and /or carbonate

removal.

2. Fluvisols

Accommodate genetically young soils in fluvial, lacustrine or marine deposits.

3. Gleysols

Comprise soils saturated with ground water for long enough periods to develop

reducing conditions resulting in gleyic properties, including underwater and tidal

soils. This pattern is essentially made up of reddish, brownish or yellowish

colours at aggregate surfaces and/or in the upper soil layers, in combination with

gleyish/bluish colours inside the aggregates and/or deeper in the soil.

4. Leptosols

Comprise very thin soils over continuous rock and soils that are extremely rich

in coarse fragments. These soils are particularly common in mountainous

regions.

5. Luvisols

They have a higher clay content in the sub soil than in the top soil, as a result of

pedogenetic processes (especially clay migration) leading to an argic sub soil

horizon. Luvisols have high activity clays throughout the argic horizon and a

high base saturation in the 50-100 cm depth.

6. Nitisols

These are deep, well drained, red tropical soils with diffuse horizon boundaries

and a sub surface horizon with at least 30 % clay. Weathering is relatively

advanced but Nitisols are far more productive than most other red tropical soils.
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7. Regosols

These are very weakly developed mineral soils in unconsolidated materials that

do not have a mollic or umbric horizon, are not very thin or very rich in coarse

fragments, not sandy, and not with fluvic materials. Regosols are extensive in

eroding lands and accumulation zones, particularly in arid and semi arid areas,

and in mountainous terrain.

8. Solonchaks

They have a high concentration of soluble salts at some time in the year.

Solonchaks are largely confined to the arid and semi arid climate zones and to

coastal regions in all climates. Common international names are saline soils and

salt affected soils.

9. Vertisols

These are heavy clay soils with a high proportion of swelling clays. These soils

form deep wide cracks from the surface down ward when they dry out, which

happens in most years.

10. Xerosols

Soils of the deserts, with low levels of organic matter. Subject to wind erosion

and concentration of soluble salts (FAO/UNESCO, 1974).
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Table 5. Major soils of the Lake Tana basin as required by SWAT

Major Soil Symbol Texture

Area

km2 %

Cambisols CM Sandy Clay Loam 1074 8.83

Nitisols NT Sandy Clay 1581 12.99

Luvisols LV Sandy Clay Loam 1353 11.12

Fluvisols FL Sandy Clay Loam 61 0.5

Vertisols VR Silty Loam 3414 28.06

Xerosols X Sandy Loam 1431 11.76

Leptosols LP Sandy Clay Loam 98 0.81

Regosols RG Sandy Loam 975 8.01

Solonchaks SC Clay Loam 574 4.72

Gleysols GL Clay 1607 13.21

Total 12,168 100

3. Land use and Land cover

According to Geremew (2013) land use strongly impacts the hydrological properties of

the watershed. It is one of the primary input data of the SWAT model to describe the

Hydrological Response Unit of the watershed.
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Table 6. Land use and land cover of the Lake Tana basin as required by SWAT

Land use and land cover

Land use according to

SWAT data base SWAT code

Farm land Agricultural Land-Generic AGRL

Wet land Wetlands-Mixed WETL

Forest Forest Mixed FRST

Wood land Forest-Deciduous FRSD

Range land Range-Grasses RNGE

Shrub land Range-Brush RNGB

Bare land

Southwestern US (Arid)

Range SWRN

4. Weather Data

Weather data is among the main input data for SWAT simulation. The weather

variables required for the simulation includes daily precipitation, maximum and

minimum temperature, relative humidity, wind speed and solar radiation (Geremew,

2013). For the Lake Tana basin the daily weather data is taken from the seventeen

weather stations which found in and around the basin as shown in figure 15.
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Figure 15. Weather stations in and around the Lake Tana basin (Source:

NMA)
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User wgn table that contains statistical weather parameters is prepared for SWAT as an

input (Appendix 8). The parameters and how they are calculated from 1986 to 2015 for

the seventeen weather stations in and around the Lake Tana basin is shown in

Appendix 7.

5. River Discharge

The river discharge data is used to calibrate and validate the SWAT model. There are

many rivers in the Lake Tana basin but the major ones are Gilgel Abay, Rib, Gumera

and Megech. Blue Nile River is the only out flow of Lake Tana. Gilgel Abay, Rib and

Megech used for calibration and validation of the model.
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Figure 16. Rivers and hydrological stations in the Lake Tana basin (Source:

MWIE)
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Figure 17. Average monthly discharge from 1986 to 2015 for the major rivers of

the Lake Tana basin and Blue Nile River (Source: MWIE

3.3.2.3. Model setup

Watershed Delineation

The watershed delineation process comprises of DEM setup, stream definition, outlet

and inlet definition, watershed outlets selection, and definition and calculation of sub

basin parameters. Once, the DEM set up finished and the location of outlet was

specified on the DEM, the model automatically calculates the flow direction and flow

accumulation. Subsequently stream networks, sub watershed and topographic

parameters will be calculated using the respective tools. The stream definition and the
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size of basins will be carefully determined by selecting threshold area or minimum

drainage area required to form the origin of the streams (Geremew, 2013).

Hydrologic Response Unit

The sub watersheds will be divided into HRUs by assigning the threshold values of

land use and land cover, soil, and slope percentage. In general the threshold level

used to eliminate minor land use and land covers in the basin, minor soil with in a

land use and land cover area and minor slope classes with in a soil on specific land

use and land cover area. Following minor elimination, the area of remaining land

use and land covers, soils and slope classes are reapportioned so that 100 % of

their respective areas are modeled   by SWAT (Geremew, 2013).

Weather Generator

In developing countries, there is an absence of full and realistic long period of

climatic data. Therefore, the weather generator solves this problem by generating

data from the observed one (Danuso, 2002 in Geremew, 2013).

Sensitivity Analysis

As the SWAT model relies on numerous parameters to represent the various

hydrological, climatic, soil and plant processes within a watershed, the calibration of

the model for a specific study area is a challenging task and emphasized by the fact that

many of these calibration parameters may be correlated to each other. Therefore, many

researchers (For example, Vandenberghe et al., 2002) have proposed that a sensitivity

analysis should be performed before model calibration to identify the most sensitive

parameters and just use these in the subsequent calibration. Vandenberghe et al. (2001)

presented a calibration approach for ESWAT, a modified version of SWAT, which

involves two steps, i.e. a sensitivity analysis followed by an automatic calibration with
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those parameters that have been identified as having a significant impact on the model

output.

Sensitivity analysis describes how model output varied when the given input variables

are varied. In particular it allows to identify those model parameters that exert the

highest influence on model output. Model sensitivity is defined as the ratio of the

change in model output to a change in parameter input. Calibration is usually difficult

with a large number of parameters. Thus, one important aim of parameter sensitivity

analysis is to reduce the number of input parameters, thereby reducing the computation

time for the calibration.

Model Calibration and Validation

Watershed models, like SWAT, contain many parameters which can be classified into

two groups: physical and process parameters. A physical parameter represents

physically measurable properties of the watershed whereas process parameters

represent properties of the watershed which are not directly measurable (Sorooshian

and Gupta, 1995). Hence, in order to utilize any predictive watershed model for the

effectiveness of future potential management practices, one needs to select values for

the model parameters so that the model closely simulates the behavior of the study site.

The objective of calibration is the estimation of values for those model parameters,

which cannot be assessed directly from field data. Thus calibration can be viewed as

some kind of parameter estimation designed to reduce the uncertainty in the estimation

of process parameters, but also of poorly defined physical parameters. Refsgaard and

Storm (1996) differentiate three types of calibration procedures. These are manual

calibration (trial-and-error), automatic calibration (numerical parameter optimization

by minimization of the misfit objective function) and combination of the two. Manual
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calibration alone is very tedious, time consuming and requires some experience of the

user. For this reason automatic calibration methods are increasingly being used,

although Gan (1988) recommended that a combination of the model calibration

procedures as the best approach.

The watershed model SWAT can also be better option to perform automatic calibration

of its model parameters. The technique implemented in SWAT is based on the Shuffled

Complex Evolution algorithm developed at the University of Arizona (SCE-UA). SCE-

UA is a global search algorithm that minimizes a single objective function, i.e. the

misfit function of the sum of the squared errors between the observed and modeled

quantity for up to 16 model parameters (Duan et al., 1992). SCE-UA has been

generally found to be a robust and efficient and has been applied with success to

SWAT for the estimation of hydrologic parameters, as well as, water quality

parameters (Eckhardt and Arnold (2001); Van Griensven et al. (2002)).

However, considering those constraints related to any of the calibration methods,

EAWAG developed SWAT-CUP for facilitating the calibration and validation

processes in SWAT model. SWAT-CUP 2012 was the product of a Swiss Federal

Institute of Aquatic Science and Technology. The program links SUFI2, PSO, GLUE,

ParaSol and MCMC procedures to SWAT. It enables sensitivity analysis, calibration,

validation, and uncertainty analysis of SWAT model.

In this study SWAT-CUP 2012 and SUFI-2 have been used for the calibration and

validation of the SWAT model. The rivers used for the calibration and validation are

Gilgel Abay, Rib and Megech. But Blue Nile (Abay) River is not used for calibration

and validation because its main source Lake Tana is regulated since 1996.
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Model Performance Evaluation

According to Geremew (2013) to evaluate the model simulation outputs in relative to

the observed data, model performance evaluation is necessary. There are various

methods to evaluate the model performance during the calibration and validation

periods.

For the evaluation of the calibration and validation performance of the model two

statistical parameters, namely R² (the squared correlation coefficient between the

observed and simulated output, which in SWAT is usually the stream flow) and ENS

(Nash and Sutcliffe efficiency) are commonly used. Values of R² > 0.6 and ENS > 0.5

for the calibration of the daily and monthly simulated stream flow are usually

considered as adequate for an acceptable calibration (Santhi et al., 2001).

R2 =
∑( ) ( )∑ ( ) ∑ ( )

ENS = 1-
∑( )∑( )

Where, Xi - Measured value (m3/s)

Xav- Average measured value (m3/s)

Yi - Simulated value (m3/s)

Yav- Average simulated value (m3/s)

For this study both R2 and ENS are used to evaluate the model out puts during

calibration and validation of the SWAT model.
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CHAPTER FOUR

4. RESULTS AND DISCUSSION

4.1. Land use and land cover

4.1.1. Accuracy assessment

Accuracy assessment is used to determine the correctness of the classified image. In

this study the accuracy assessment is performed for the 2015 classified image using a

total of 46 Ground Control Points collected using GPS (Appendix 2 and 3). The

resulted error matrix is shown in Table 7 below.

Table 7.  Error matrix

Reference data

C
la

ss
if

ie
d 

da
ta

Water

body

Forest Wet

land

Wood

land

Shrub

land

Range

land

Farm

land

Bare

land

Total

Water body 5 0 1 0 0 0 0 0 6

Forest 0 5 0 0 0 0 0 0 5

Wet land 1 0 4 0 0 0 0 0 5

Wood land 0 0 0 5 0 0 0 0 5

Shrub land 0 0 0 0 5 1 0 0 6

Range land 0 0 0 0 1 5 0 0 6

Farm land 0 0 0 0 0 0 7 0 7

Bare land 0 1 0 0 0 0 0 5 6

Total 6 6 5 5 6 6 7 5 46

Overall accuracy = 89 %
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From the error matrix shown in table 7 it is possible to calculate three types of accuracy

measures. These are overall, producer’s and user’s accuracy.

1.Over all accuracy- is used to indicate the accuracy of the whole classification. It is

calculated by dividing total correctly classified pixels with the

total no of pixels multiplied by hundred.

Over all accuracy = ∗ 100
= 89%

2.Producer’s accuracy - tells how well a certain area can be classified. It is calculated

for each land use and land cover types and obtained by dividing

the number of correctly classified pixels of a certain land use and

land cover type by the total number of pixels of the same land use

and land cover type in the reference data or obtained by dividing

the number of correctly classified pixels of a certain land use and

land cover type by the column total pixels of the same land use

and land cover type. In this study producer’s accuracy ranged

from 80 % to 100 %.

3.User’s Accuracy- is the probability that a pixel classified on the map actually

represents that class on the ground or reference data. It is also

calculated for each land use and land cover types and obtained by

dividing the number of correctly classified pixels of a certain land

use and land cover type by the total number of pixels of the same

land use and land cover type in the classified data or obtained by

dividing the number of correctly classified pixels of a certain land

use and land cover type by the row total pixels of the same land

use and land cover type. In this study user’s accuracy ranged

from 80 % to 100 %.
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Table 8. Summary of the accuracy assessment

Reference Classified Correct Producer’s User’s

Water body 6 6 5 83% 83%

Forest 6 5 5 83% 100%

Wet land 5 5 4 80% 80%

Wood land 5 5 5 100% 100%

Shrub land 6 6 5 83% 83%

Range land 6 6 5 83% 83%

Farm land 7 7 7 100% 100%

Bare land 5 6 5 100% 83%

Total 46 46 41

Kappa statistics

The kappa coefficient expresses the proportionate reduction in error generated by a

classification process compared with the error of a completely random classification or

unsupervised classification. Monserud (1990) in Rientjes etal. (2011) reported that a

kappa value of < 40 % is poor, 40-55 % fair, 55-70% good, 70-85 % very good and >

85% excellent. According to this range the overall kappa coefficient for the 2015

classified image which is 0.88 (88 %) is grouped under excellent.

Overall Kappa Coefficient = 0.877464 (88 %)

4.1.2. Land use and land cover maps

The land use and land cover classification system for this study is based on Anderson

etal. (1976). According to this the major land use and land cover types identified in the

Lake Tana basin are farm land and settlement, shrub land, range land, forest, bare land,

wood land, wet land, and water body. The maps of the land use and land cover of the

basin for 1986, 2001 and 2015 are shown in figure 18, 19 and 20 respectively below.
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Figure 12. Land use and land cover of the Lake Tana basin in 1986



68Figure 19. Land use and land cover of the Lake Tana basin in 2001
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Figure 13. Land use and land cover of the Lake Tana basin in 2015
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Table 9. Land use and land covers and their proportionate area in 1986, 2001 and

2015 in the Lake Tana basin

Land use and

land cover

Area

1986 2001 2015

km2 % km2 % km2 %

Farm land and

settlement 5306.3 34.8 6750.6 44.3 8395.8 55.1

Shrub land 2451 16.1 1855.8 12.2 2165.5 14.2

Range land 1840.7 12.1 417.7 2.7 517.1 3.4

Forest 387.3 2.5 670 4.4 307.9 2

Bare land 996.8 6.5 1490.3 9.8 480.1 3.2

Wood land 1076.8 7.1 711.2 4.7 154.5 1

Wet land 113.3 0.7 278.8 1.8 153.5 1

Water body 3062.1 20.1 3060 20.1 3060 20.1

Total 15234.3 100 15234.4 100 15234.4 100
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Figure 14. Land use and land covers and their proportionate area in 1986, 2001

and 2015 in the Lake Tana basin

Table 10. Image difference (area in km2)

Farm

land

Shrub

land

Range

land Forest

Bare

land

Wood

land

Wet

land

Water

body

1986-2001
1444.3 -595.2 -1423 282.7 493.5 -365.6 165.5 -2.1

2001-2015
1645.2 309.7 99.4 -362.1 -1010.2 -556.7 -125.3 0

1986-2015
3089.5 -285.5 -1323.6 -79.4 -516.7 -922.3 40.2 -2.1

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

A
re

a 
(k

m
2 )

71

Figure 14. Land use and land covers and their proportionate area in 1986, 2001
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Figure 15. Land use and land cover change between 1986 and 2001; 2001 and

2015; and 1986 and 2015 in the Lake Tana basin
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Figure 15. Land use and land cover change between 1986 and 2001; 2001 and

2015; and 1986 and 2015 in the Lake Tana basin

Land use / Land cover

72

Figure 15. Land use and land cover change between 1986 and 2001; 2001 and

2015; and 1986 and 2015 in the Lake Tana basin

1986-2001

2001-2015

1986-2015



73

4.1.3. Land use and land cover change

The Lake Tana basin is heavily affected by watershed management problems that

caused by over population, poor cultivation and improper land use practices,

deforestation, and over grazing as a result sediment depositions in the lakes and

reservoirs are becoming major issues (Setegn etal., 2008). The population of the

watershed increased by more than 40% in the last two decades (Anteneh, 2017) so the

population density in the basin is 50-200 persons / km2 (Tessema, 2006).

4.1.3.1. Land use and land cover change between 1986 and 2001 in the Lake

Tana basin

Farm land and settlement

Relative to the other land use and land cover types farm land covers a large area in

1986, 2001 and 2015 in the basin. Farm land covers 5306.3 km2 in 1986 and 6750.6

km2 in 2001 (Table 9 and Figure 21) and increased by 1444.3 km2 (Table 10 and Figure

22). The increment is mainly due to 1800.5 km2 of shrub land converted to farm land

even though largely 971.8 km2, 509.6 km2, 494.9 km2 and 153.2 km2 of farm land

converted to shrub land, water body, bare land and wood land respectively (Table 11).

Farm land is expanding mostly at the expense of shrub land. The primary underlying

cause is human population increment. The other factor is in the basin most of the

people live in rural areas and mainly depend on rain fed agriculture.

Forest

Forest also increased by 282.7 km2 (Table 10 and Figure 22) mainly because of the

conversion of 263.9 km2 of wood land and 143.6 km2 of bare land to forest though

primarily 106.8 km2 of forest converted to range land (Table 11). This shows that the

rate of reforestation and afforestation was higher than the rate of deforestation or forest

loss in the basin in this period.
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Wood land

But wood land decreased by 365.6 km2 (Table 10 and Figure 22) largely due to the

conversion of 263.9 km2, 235.4 km2, 122.3 km2 and 118.7 km2 of wood land to forest,

farm land, bare land and wet land respectively however mainly 153.2 km2 of farm land,

139.2 km2 of bare land and 128.6 km2 of range land added to wood land (Table 11).

Range land

Range land decreased by 1423 km2 (Table 10 and Figure 22) largely due to the addition

of 608.5 km2, 402.7 km2, 373.5 km2, 128.6 km2 and 122.9 km2 of range land to farm

land, bare land, shrub land, wood land and water body respectively nevertheless

relatively a large area of forest which is 106.8 km2 added to range land (Table 11).

Shrub land

Shrub land decreased by 595.2 km2 (Table 10 and Figure 22) predominantly due to

1800.5 km2 of shrub land converted to farm land in spite of mainly 971.8 km2 of farm

land and 373.5 km2 of range land added to shrub land (Table 11). The main underlying

causes for the decline of shrub lands and range lands are population growth,

encroachment by farm lands due to easy accessibility and increasing food demand.

Wet land

Wetlands increased by 165.5 km2 (Table 10 and Figure 22) predominantly due to area

gain from wood land by 118.7 km2 despite largely 18.5 km2 of wetland converted to

forest (Table 11). There are many wetlands in the basin and especially they are

concentrated around Lake Tana.
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Water body

Lake Tana is the largest water body in the basin as well as in Ethiopia. Megech, Rib,

Gumara and Gilgel Abay are the major perennial rivers that flow in to and Blue Nile is

the only out flow river of the lake. Dams and reservoirs also present. Water body

decreased slightly by 2.1 km2 (Table 10 and Figure 22).

Bare land

Bare land shows increment by 493.5 km2 (Table 10 and Figure 22) and this is primarily

due to the addition of 494.9 km2 of farm land, 402.7 km2 of range land, 122.3 km2 of

wood land to bare land in spite of mainly 276 km2, 143.6 km2, 139.2 km2 of bare land

converted to farm land, forest and wood land respectively (Table 11).

In similar with this study, land cover map of the Lake Tana basin mapped during 1986-

1989 shows that the majority of the area is covered by cultivated land. A very disturbed

forest is mapped around the lake, covering around 5 km2 and at the eastern corner of

the basin with coverage of 90 km2 afro-alpine forests (BCEOM, 1998 in Tessema,

2006). Other study in 2002 identified that 54.5 % in the basin was cultivated land,

water (21%), grass land (10.4%), shrub land  (9 %), wetland / swampy (1.6 %) ,

plantation forest (1%), rock only (0.5 %), settlement (0.4 %), bare soil (0.2 %) and

afro- alpine (0.2 %) (WBISPP, 2002). Cultivated land also relatively covered a large

area which is 54.5 % in 2002.

The study by Birru (2007) from the analysis of satellite images also showed that

between 1985/86 and 2001/03 in the Lake Tana basin crop lands were found to have

increased by about 4.2 %, which largely occurred at the expense of grass lands and

shrub lands. Forest cover was found to have increased by about 0.23 %.
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Table 11. Land use and land cover change matrix between 1986 and 2001 in the Lake Tana basin (area in km2)

1986

20
01

Farm

land

Shrub

land

Range

land Forest

Bare

land

Wood

land

Wet

land

Water

body

Class

Total

Farm land 3068.8 1800.5 608.5 5.8 276 235.4 0.6 754.9 6750.5

Shrub land 971.8 367.9 373.5 10.8 28.4 76.4 0 26.8 1855.6

Range land 75.3 15.3 203.8 106.8 0.3 1.2 0 15.1 417.8

Forest 11.8 0 0 220.7 143.6 263.9 18.5 11.4 669.9

Bare land 494.9 65.1 402.7 3.9 389.4 122.3 0 12.1 1490.4

Wood land 153.2 57.8 128.6 0.9 139.2 212.8 0.1 18.6 711.2

Wet land 20.7 0 0.8 30.6 5.4 118.7 84.2 18.4 278.8

Water body 509.6 144.3 122.9 7.9 14.5 45.9 9.9 2204.9 3059.9

Class Total 5306.1 2450.9 1840.8 387.4 996.8 1076.6 113.3 3062.2

Class Change 2237.3 2083 1637 166.7 607.4 863.8 29.1 857.3

Image Difference 1444.4 -595.3 -1423 282.5 493.6 -365.4 165.5 -2.3
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4.1.3.2. Land use and land cover change between 2001 and 2015 in the Lake

Tana basin

Farm land and settlement

Again farm land in 2015 increased by 1645.2 km2 from its 2001 coverage (Table 10

and Figure 22). The main reason for the increment is 1294 km2 of shrub land added to

farm land in spite of largely 949.9 km2, 293.4 km2 and 288.3 km2 of farm land

converted to shrub land, range land and bare land respectively (Table 12). Farm land is

expanding mainly at the expense of shrub land which is the same with the previous

period.

Forest

Forest land decreased by 362.1 km2 (Table 10 and Figure 22) largely because of the

conversion of 263.9 km2 and 139.2 km2 of forest to farm land and shrub land

respectively even if mainly 74.6 km2 of farm land, 22.2 km2 of range land and 13.1 km2

of wet land added to forest (Table 12).

Wood land

Wood land also decreased by 556.7 km2 (Table 10 and Figure 22) primarily due to

257.1 km2 and 247.7 km2 of wood land added to farm land and shrub land respectively

in spite of largely 24 km2 of water body, 18.5 km2 of forest and 15.6 km2 of farm land

converted to wood land (Table 12). The human population of the basin is increasing

from time to time. This leads to the degradation of natural resources including forests

and wood lands. Mostly in need of farm land the people destruct the forests and wood

lands. So in recent times largely farm land is a danger for the forests and wood lands in

the basin.
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Range land

Range land increased by 99.4 km2 (Table 10 and Figure 22) because relatively a large

area of farm land which is 293.4 km2 converted to range land even if significantly

206.8 km2 of range land added to farm land (Table 12).

Shrub land

Shrub land also increased by 309.7 km2 (Table 10 and Figure 22) and significantly the

area gain for shrub land is from 949.9 km2 of farm land, 256.7 km2 of bare land, 247.7

km2 of wood land and 139.2 km2 of forest though mainly 1294 km2 of shrub land

converted to farm land (Table 12).

Wet land

Wetland decreased by 125.3 km2 between these years (Table 10 and Figure 22) due to

the fact that largely 118.7 km2 of wet land converted to farm land even though mainly

33.7 km2 of water body and 13.2 km2 of farm land added to wet land (Table 12). In the

recent times chiefly wetlands are converting to farm lands in the basin. Recession

cropping is a common practice in the wetlands found around Lake Tana especially in

the Fogera and Dembia plains.

Water body

The coverage of water body is the same between 2001 and 2015 (Table 9).

Bare land

Bare land decreased by 1010.2 km2 (Table 10 and Figure 22) mainly due to the addition

of 998.8 km2, 256.7 km2 and 214 km2 of bare land to farm land, shrub land and water

body respectively however primarily 288.3 km2 of farm land added to bare land (Table

12).
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Table 12. Land use and land cover change matrix between 2001 and 2015 in the Lake Tana basin (area in km2)

2001

20
15

Farm

land

Shrub

land

Range

land Forest

Bare

land

Wood

land

Wet

land

Water

body

Class

Total

Farm land 5073.7 1294 206.8 263.9 998.8 257.1 118.7 182.8 8395.8

Shrub land 949.9 481.2 13.5 139.2 256.7 247.7 5.4 71.8 2165.4

Range land 293.4 19.5 148.2 5.8 11.2 4.2 30.6 4.3 517.2

Forest 74.6 1.2 22.2 190.5 3.1 0.1 13.1 3 307.8

Bare land 288.3 26.6 0.5 42.7 3.7 97.5 2.3 18.4 480

Wood land 15.6 0.2 0.1 18.5 2.9 93.2 0 24 154.5

Wet land 13.2 0.2 3.1 0 0.4 0.2 102.8 33.7 153.6

Water body 42 33 22.8 9 214 11.1 6 2722.1 3060

Class Total 6750.7 1855.9 417.2 669.6 1490.8 711.1 278.9 3060.1

Class Change 1677 1374.7 269 479.1 1487.1 617.9 176.1 338

Image

Difference

1645.1 309.5 100 - 361.8 - 1010.8 - 556.6 - 125.3 - 0.1
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4.1.3.3. Land use and land cover change between 1986 and 2015 in the Lake

Tana basin

In these all 30 years farm land and wet land increased by 3089.5 km2 and 40.2 km2

respectively. But forest, wood land, range land, shrub land, water body and bare land

decreased by 79.4 km2, 922.3 km2, 1323.6 km2, 285.5 km2, 2.1 km2 and 516.7 km2

respectively in the basin. This indicates that forest, wood land, range land, shrub land,

water body and bare land are shrinking mainly due to the expansion of farm land in the

basin. The main underlying causes are population growth; lack of appropriate land

management policies, legislations and institutions; and lack of awareness.

Goshu and Aynalem (2017) also reported that in the Lake Tana basin there is

significant land use and land cover change between 1986 and 2013. Built up areas and

cultivated land increased but natural forest and grass land covers decreased. The

farming system in the basin is predominantly crop production, mixed with animal

production. Due to awareness and economic interest of the local community, new

farming systems have been introduced, e.g. rice and eucalyptus production. Bahir Dar

and Gondar are rapidly urbanizing cites in the area.
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Table 13. Land use and land cover change matrix between 1986 and 2015 in the Lake Tana basin (area in km2)

1986

20
15

Farm

land

Shrub

land

Range

land Forest

Bare

land

Wood

land

Wet

land

Water

body

Class

Total

Farm land 4987.7 1180.1 154.7 316.9 846.6 881.5 24.9 2.8 8395.2

Shrub land 40.4 1239.5 600.6 22.6 86.1 105.2 54.8 15.9 2165.1

Range land 126.3 1.2 349.5 25.5 1.9 2.3 0 10.3 517

Forest 28.3 6.1 249 20 0.3 2.7 0.1 1 307.5

Bare land 106.1 14.8 214.5 0.9 61.6 80.8 0.1 1.5 480.3

Wood land 1 3.1 136.9 0.1 0.3 3.8 0 0.2 145.4

Wet land 6.3 5.3 135.6 0.8 0 0.3 4.7 0.1 153.1

Water body 1.3 0.8 0.2 0.9 0.1 0 29.2 3029.2 3061.7

Class Total 5297.4 2450.9 1841 387.7 996.9 1076.6 113.8 3061

Class Change 309.7 1211.4 1491.5 367.7 935.3 1072.8 109.1 31.8

Image

Difference

3097.8 -285.8 -1324 -80.2 -516.6 -931.2 39.3 0.7
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There are also many studies on land use and land cover change in the districts and

catchments of the Lake Tana basin. These studies did not coincide with this study both

spatially and temporally. But these studies support this study in many aspects especially

in the continuous expansion of farm land.

Drainage for agriculture, overgrazing, upper catchment land degradation, Eucalyptus

encroachment, invasion of alien species or weeds (e.g. Water hyacinth), over

harvesting of  resources, settlement and urban expansion, pollution, and water diversion

are the present threats faced by wetlands of the Lake Tana basin including Lake Tana.

The root causes for the degradation of these resources are political shortcomings, the

absence of policy and a strong legal framework, institutional shortcomings, and socio-

economic and environmental shortcomings such as poverty, lack of awareness,

population pressure and climate change. For example in the Fogera plain from the 3

wetlands of Shesher, Welela and Daga-Takua a total of 1733 ha is lost between1987

and 2008 (Mequanent and Sisay, 2015). The degradation of the wetlands of the area is

also mentioned by Goshu and Aynalem (2017). Recession cropping mainly for maize

and rice is carried out in the wetlands adjacent to Lake Tana (Alemayehu etal., 2009).

According to Tefera (2012) in the Fogera district in the Lake Tana basin the livelihood

sources of the local people were crop production (65 %), live stock (7.8 %), forestry

products (5.4 %) and minor trade (21.8 %) from a total of 200 respondents. This

showed that more than 50 % of the people obtained their livelihood from crop

production. However, Sahalu (2014) reported that there was continuous expansion of

built up areas at Bahir Dar area within 25 years from 1.5 % in 1986 to 4.1% and 9.4 %

in 2001 and 2010 respectively at the expense of agricultural areas especially in the

western part relative to other directions. Due to this agricultural land decreased

continuously but Forest and semi-natural areas, and open spaces increased constantly

with in all these years. Water body decreased between 1986 and 2001 but increased

between 2001 and 2010.
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In Rib river watershed there is a continued expansion of cultivated land and settlement

over years which has brought significant decrease in water bodies, forest and bush

LULC classes. Consequently this threatens both the local highland users through a

reduction in soil productivity and lowlanders through sedimentation (Garede and

Minale, 2014).

Wubie etal. (2016) also examined land use and land cover change and its causative

factors in Gumara watershed in 1957, 1985 and 2005. Cultivated land and settlement

increased continuously but wet land, shrub land, forest land and grass land declined

constantly in all these years. The driving forces behind these land use and land cover

changes were population pressure, demand for fuel wood and construction material,

agricultural expansion, and policy and tenure insecurity. The consequences of these

changes are lake water and its aquatic resources degradation, soil degradation,

biodiversity loss, and forest cover decline.

In Gilgel Abay watershed agriculture and settlement continuously increased from

26.1% in 1973 to 34.9 %, 36.3% and 41.2% in 1986, 1995 and 2008 respectively.

Similarly wood and bush land cover has shown constant increment from 3.1% in 1973

to 5.1%, 7.6% and 7.7% respectively. However forest covers only 1.2% of the

watershed in 1973 and its percentage share was even reduced to 0.6%, 0.4% and 0.3%

respectively. This was mainly due to rapid population growth, expansion of farmland

and increase in demand of construction as well as fuel wood. Alike grassland

continuously declined from 20.6% in 1973 to 13.9%, 11.6% and 9.3% respectively.

This was related to easy accessibility and redistribution of grasslands to landless

farmers. Wetlands also constantly declined from 10.7% in 1973 to 7.2%, 5.8% and

5.6% respectively. There was 6.26% of Lake Tana conversion to other land covers

within 35 years (Minale, 2013).
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The study was done by Hassen and Assen (2017) on the land use and land cover

dynamics and its drivers in the Gelda catchment in 1957, 1973, 1984, 1995, 2004 and

2014.  The land use and land cover types identified are shrubs, forest cover, farm land

and settlement, grass land, and bare land. Their change showed variation in these years

and to mention the trend of farm land and settlement, it increased continuously between

1957 and 1995, then decreased between 1995 and 2004, and again increased between

2004 and 2014. The combination of land reform of 1975, forest development and

villagization program of 1980’s, civil war, frequent changes in political structure, and

population pressure were the major driving forces of LULC changes.

Minale (2016) used Arc GIS 10, ERDAS IMAGINE 10, Landsat images of (1973,

1986, 1995 and 2011) and socio economic data to analyze land use and land cover

change in Infranz watershed. The results of the study show that due to population

increase and improper agricultural activity farm land and settlement continuously

expanded where as bush land and wetland have constantly declined within these years.

Totally about 1044 ha of wetland and 6338.7 ha of bush land were lost and converted

to cultivated land. The trend of Grass land and forest cover show variation within these

years.

In Koga watershed settlement increased continuously in 1957, 1982, 1986 and 2001.

Cultivated land increased from 47 % in 1957 to 65 % and 68 % in 1982 and 1986

respectively but decreased to 67 % in 2001. Forest cover decreased from 16% in 1957

to 2 % and 1 % in 1982 and 1986 respectively and also it remained as 1 % in 2001.

Scrub wet land declined persistently and open bush land show variation in all these

years (Gebrehiwot etal., 2010). A land use and land cover change analysis in Gish

Abay catchment in 1957, 1982 and 2001was done by Bewket and Abebe (2013). Forest

and dense trees, and shrub grass land decreased continuously. But open grass land, crop

land and rural settlement, and town increased continuously. Riparian vegetation

decreased between 1957 and 1982 but increased between 1982 and 2001.
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4.2. Hydrological modeling

4.2.1. Sensitivity analysis, calibration and validation

4.2.1.1. Sensitivity analysis

In this study four sensitive parameters identified through sensitivity analysis. In

decreasing order of sensitivity include curve number (CN2), available water capacity

(SOL_AWC), Alpha base flow (ALPHA_BF) and groundwater delay (GW_delay).

After this assessment calibration is performed for these parameters because of the

significant influence they have on the SWAT model output. The remaining parameters

were not considered during calibration process as the model simulation result was not

sensitive to these parameters in the watershed.

4.2.1.2. Calibration and validation

However, the first two years was considered for model warm up period. Calibration

was done for the four identified sensitive flow parameters of SWAT with observed

average monthly stream flow data of Gilgel Abay, Rib and Megech rivers between

1988 and 1997 (Figure 23, 25 and 27). The result of calibration for monthly flow shows

that there is a good agreement between the measured and simulated average monthly

flows with ENS of 0.7 and R2 of 0.8 for Gilgel Abay River; ENS of 0.7 and R2 of 0.7

for Rib River; and ENS of 0.7 and R2 of 0.7 for Megech River (Table 14).

The model validation was also performed without further adjustment of the calibrated

parameters between 1998 and 2007 (Figure 24, 26 and 28). The validation result also

shows good agreement between the simulated and measured monthly flow with the
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ENS value of 0.8 and R2 of 0.8 for Gilgel Abay River; ENS of 0.7 and R2 of 0.7 for

Rib River; and ENS of 0.6 and R2 of 0.7 for Megech River (Table 14).

According to Santhi etal. (2001) values of R² > 0.6 and ENS > 0.5 for the calibration of

the daily and monthly simulated stream flow are usually considered as adequate for an

acceptable calibration.

Figure 16. Observed and simulated discharge for Gilgel Abay River during the

calibration period

Figure 17. Observed and simulated discharge for Gilgel Abay River during the

validation period
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Figure 18. Observed and simulated discharge for Rib River during the calibration

period

Figure 19. Observed and simulated discharge for Rib River during the validation

period
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Figure 18. Observed and simulated discharge for Rib River during the calibration

period

Figure 19. Observed and simulated discharge for Rib River during the validation

period
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Figure 20. Observed and simulated discharge for Megech River during the

calibration period

Figure 21. Observed and simulated discharge for Megech River during the

validation period
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Table 14. Calibration and validation result for Gilgel-Abay, Rib and Megech

rivers using SUFI-2 method

Cal = Calibration, Val = Validation

4.2.2. Impact of land use and land cover change on the runoff in the Lake

Tana basin

After calibration (1988-1997) and validation (1998-2007) of the SWAT model, it run

for the 1986, 2001 and 2015 LULCs from 1986 to 2015 to quantify the impact of land

use and land cover change on the runoff and base flow in the basin. The annual runoff

and base flow show great variability for the 1986, 2001 and 2015 LULCs (Figure 29

and 30). Average monthly runoff and base flow for the 1986, 2001 and 2015 LULCs is

also shown in figure 31 and 32 below.

Objective Function

Rivers

Gilgel Abay Rib Megech

Cal Val Cal Val Cal Val

R2 SUFI-2 0.8 0.8 0.7 0.7 0.7 0.7

ENS SUFI-2 0.7 0.8 0.7 0.7 0.7 0.6
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Figure 22. Annual runoff in mm

Figure 23. Annual base flow in mm
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Figure 24. Average monthly runoff in mm from 1986 to 2015

Figure 25. Average monthly base flow in mm from 1986 to 2015
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4.2.2.1. Runoff for the LULC of 1986 and 2001

Table 15 and 16 shows that mean annual and wet months (June-September) runoff

decreased in the 2001 LULC from the 1986 LULC by 0.2 mm and 0.6 mm

respectively. This is mainly due to the increment of forest cover although farm land and

settlement cover also increased in the 2001 LULC from the1986 LULC. Largely forest

cover decreased runoff and increased infiltration. Here base flow is expected to

increase because of the decrease of runoff. But the mean annual and dry months

(October-May) base flow decreased in the 2001 LULC from the 1986 LULC by 0.8

mm and 0.7 mm respectively due to different reasons.

Table 15. Mean annual runoff and base flow in mm from 1986 to 2015

4.2.2.2. Runoff for the LULC of 2001 and 2015

Mean annual and wet months (June-September) runoff increased in the 2015 LULC

from the 2001 LULC by 2.1 mm and 5.8 mm respectively. This is primarily due to the

decline of forest cover, and the increment of farm land and settlement cover in 2015

LULC from the 2001 LULC. Consequently the mean annual and dry months (October-

Flow LULC of 1986 LULC of 2001 LULC of 2015

Mean annual

runoff 18.1 17.9 20

Mean annual

base flow 52.1 51.3 47.4
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May) base flow decreased in the 2015 LULC from the 2001 LULC by 3.9 mm and 2.3

mm respectively (Table 15 and 16).

Table 16.  Mean monthly runoff and base flow in mm from 1986 to 2015

Flow

LULC of 1986 LULC of 2001 LULC of  2015

Dry

months

(October-

May)

Wet

months

(June-

September)

Dry

months

(October-

May)

Wet

months

(June-

September)

Dry

months

(October-

May)

Wet

months

(June-

September)

Mean

monthly

runoff 2.4 49.5 2.4 48.9 2.6 54.7

Mean

monthly

base-

flow 35.9 84.4 35.2 83.4 32.9 76.4

4.2.2.3. Runoff for the LULC of 1986 and 2015

The mean annual and wet months (June-September) runoff increased in the 2015

LULC from the 1986 LULC by 1.9 mm and 5.2 mm respectively. Chiefly due to the

reduction of forest, and the increment of farm land and settlement in the 2015 LULC

from the 1986 LULC. As a result the mean annual and dry months (October-May) base

flow decreased in the 2015 LULC from the 1986 LULC by 4.7 mm and 3 mm

respectively (Table 15 and 16).

Table 17 and Table 18 below also show mean annual and monthly runoff and base flow

respectively in the different catchments of the Lake Tana basin.



94

Table 17. Mean annual runoff and base flow in mm of the catchments of the Lake

Tana basin from 1986 to 2015

Catchment Basins

Mean annual

Run-off

(mm)

Base-flow

(mm)

Megech-

Gumero 1,2,3

LULC of 1986 9.3 27.6

LULC of 2001 8.8 29.5

LULC of 2015 10.2 26.2

Rib 4,5

LULC of 1986 18.6 47.5

LULC of 2001 18.3 47.2

LULC of 2015 21.1 42.6

Gumera 6,7,8

LULC of 1986 17.9 46.2

LULC of 2001 17 47.5

LULC of 2015 20.1 43.2

Gilgel Abay 9,10,11,12,13,14,

15,16,17

LULC of 1986 21 63.2

LULC of 2001 21.1 60.7

LULC of 2015 23 57
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Table 18. Mean monthly runoff and base flow in mm of the catchments of the Lake Tana

basin from 1986 to 2015

Catchment Basins

Mean monthly

Run-off

(mm)

Base-flow

(mm)

Megech-

Gumero

1,2,3

LULC of 1986

Dry months 0.8 16.7

Wet months 26.4 49.4

LULC of 2001

Dry months 0.7 17.8

Wet months 25.1 52.8

LULC of 2015

Dry months 0.8 16.2

Wet months 29 46.2

Rib 4,5

LULC of 1986

Dry months 1.8 34.4

Wet months 52.1 73.7

LULC of 2001

Dry months 1.8 34.2

Wet months 51.2 73.2

LULC of 2015

Dry months 2.1 31.8

Wet months 59.2 64.2

Gumera 6,7,8

LULC of 1986

Dry months 1.8 36.1

Wet months 50.1 66.2

LULC of 2001

Dry months 1.7 36.8

Wet months 47.6 68.9

LULC of 2015

Dry months 2.1 34.8

Wet months 55.9 60
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Table 18. Cont.

Catchment Basins

Mean monthly

Run-off

(mm)

Base-flow

(mm)

Gilgel

Abay

9,10,11,12,13,14,

15,16,17

LULC of 1986

Dry months 3.2 42.6

Wet months 56.4 104.6

LULC of 2001

Dry months 3.2 40.7

Wet months 56.8 100.7

LULC of 2015

Dry months 3.5 38.1

Wet months 61.9 94.7

The results of this study show that, if largely forest cover declined and farmland and

settlement increased, consequently the mean annual and wet months run off increased

but the annual and dry months base flow decreased. This is confirmed by previous

studies.

According to Geremew (2013) in the Gilgel Abay watershed population growth

brought change in land cover. This land cover change has affected the stream flow of

the watershed by changing the magnitude of surface overflow and ground water flow.

Arc GIS used to create land use and cover maps from Landsat TM and ETM+ acquired

respectively in 1986 and 2001. The outcome demonstrated that forest, shrub land, grass

land, and water and marshy land decreased, but cultivated land increased between 1986

and 2001. Subsequently the mean monthly stream flow increased by 16.26 m3/s for the

wet months while for the dry months decreased by 5.41m3/s. Here the mean annual

SURQ increased, while GWQ decreased between 1986 and 2001. These all are mainly

because of the increment of cultivated land and decline of forest cover.
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Rientijes etal. (2011) also investigated change in land cover, precipitation and stream

flow in upper Gilgel Abay catchment. Forest and shrub land decreased continuously in

1973, 1986 and 2001. Conversely water and marshy, and agricultural land increased

persistently in these years. Grass land increased between 1973 and 1986 but declined

between 1986 and 2001. Rain fall was analyzed at monthly base between 1973 and

2005 by use of the Mann-Kendall test statistics and results indicated a statistically

significant, decreasing trend for most months of the year. However, for the wet months

of June, July and August rain fall has increased. Between 1973 and 2005 the annual

flow of the catchment decreased by 12.1 %. The low flow declined by 18.1 % and 66.6

% for the period of 1982-2000 and 2001-2005 respectively. But the high flow increased

by 7.6 % and 46.6 % respectively. In this study it is concluded that between 1973 and

2005 stream flow has changed in this catchment by changes in land cover (mainly

continuous increment of agricultural land and decline of forest cover) and changes in

rainfall.

Getachew and Melesse (2013) assessed the effect of land use change on the flow of the

Angereb watershed in the Lake Tana basin. The land cover change inside the watershed

was inspected through classification of satellite images. The SWAT model was used to

explore the effect of land cover change on stream flow. The land cover change

examination has demonstrated that built-up, agricultural land and water body increased

but pasture land, forest and range land decreased between 1985 and 2011. The SWAT

model output to the land cover change has shown that the mean wet monthly flow for

2011 increased by 39 % contrasted with the 1985. Then again the mean dry monthly

flow decreased by 46 % in 2011 contrasted with the 1985. This is principally credited

to land degradation, which in turn increased surface runoff during wet season and

reduced base flow during the dry season.
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The threat to the water resources of the Lake Tana basin is not only land use and land

cover change. The other major future threat is climate change. Deganovsky and

Getahun (2008) reported that spectral analysis of the measured water levels of Lake

Tana showed that they have a cyclical structure with a most noticeable cycle of 11

years. The climate of the region also experiences around 11 years of oscillation. Trends

of these oscillations of the lake levels showed the tendency of climate change.

Setegn etal. (2011) conducted study on the impact of climate change on the hydro

climatology of Lake Tana basin. Under the downscaled data from the CCMA, MPI and

GFDL models, the stream flow showed a reduction under all SRES scenarios (A1B,

A2, B1) for both time periods (2046–2065 and 2080–2100). But with the NCAR

models there was an increase in stream flow for A2 and B1 scenarios during the two

time periods. The authors interpreted that runoff changes in the region could be

significant, even though the GCMs do not agree on the direction of the change.

Mulushewa (2013) interpreted the hydrological impacts of climate change on Lake

Tana’s water balance, by using a climate model of HadCM3, which was downscaled

using SDSM. The study revealed that maximum and minimum temperature increase for

all the three scenarios (A2, B2 and A1B) for all future time horizons. However

precipitation does not show a systematic increase or decrease in all future time

horizons. The surface water inflow, over lake precipitation, evaporation and storage at

the lake show an increasing pattern for scenarios A2 and B2. The A1B scenario reveals

the decreasing pattern of lake water storage due to decrease of over lake precipitation

and surface water inflow in all future time horizons. In the A1B scenario the over lake

evaporation shows increasing pattern for all future time horizons.
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The change of land use and land cover, and climate, and their impact on the runoff and

base flow in the Lake Tana basin has many implications on Lake Tana. For example if

the runoff amount increased, consequently the sedimentation to the lake will also be

increased. Sedimentation leads to many negative impacts to the lake’s water and fish

resources. Climate change will decreased on lake precipitation and surface water

inflow, and increased evaporation, then the lake’s water balance will be disturbed and

resulted in to water shortage. In the opposite on lake precipitation and surface water

inflow will be increased although evaporation also increased, then it resulted in to lake

level rise and flooding which especially affects the downstream countries.
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CHAPTER FIVE

5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

This study focuses on the impact of land use and land cover change on the runoff in the

Lake Tana basin. The land use and land cover is analyzed in 1986, 2001 and 2015.

According to the results farm land and settlement increased continuously. Conversely

wood land decreased constantly in all these years. Forest, wet land and bare land

increased between 1986 and 2001 but decreased between 2001 and 2015. In the

opposite range land and shrub land decreased in the first period but increased in the

second period. Water body also slightly decreased in the first period and its coverage

was constant in the second period.

One thing is being understood that farm land and settlement is expanding at the

expense of natural resources including forests, wood lands, range lands, shrub lands,

wetlands, water body and bare land. The basin has been degrading from time to time

largely due to the expansion of farm land.

Urban areas and industries are also increasing in number and expanding in area in the

Lake Tana basin especially around Lake Tana. The major cities in the basin are Bahir

Dar and Gondar. Bahir Dar which is a great city found at the southern shore of the lake.

There are also many industries established in the basin. All these combined have many

negative impacts on the surface and ground water resources of the basin including the

lake. The impacts are chemical and biological pollution, water level change,

sedimentation, biodiversity degradation and so many.
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The main underlying cause for all these changes is population growth. Population is

increasing from time to time in the basin. To meet the increasing food demand the

people are searching for more farm lands. Due to these forests, wood lands, range

lands, shrub lands, wet lands, water bodies and bare lands are converting to farm lands.

Even steep slopes which are intended to be covered by vegetation are cultivated which

aggravates land degradation in the basin. Farming activities also highly intensified

around Lake Tana and in its wetlands.

These land use and land cover changes have their own impact on the runoff and base

flow in the basin. Between 1986 and 2001 mean annual and wet months (June-

September) runoff decreased mainly because of forest cover increment, even though

farm land and settlement cover increased. Largely forest cover increased infiltration

rate. Here base flow is expected to increase due to the decrease in runoff. But mean

annual and dry months (October-May) base flow decreased due to different reasons.

However, between 2001 and 2015 mean annual and wet months (June-September)

runoff increased largely due to forest cover reduction, and farm land and settlement

cover increment. As a consequence mean annual and dry months (October-May) base

flow decreased. Similarly between 1986 and 2015 mean annual and wet months (June-

September) runoff increased primarily due to the decline of forest cover, and the

increment of farm land and settlement cover. Consequently the mean annual and dry

months (October-May) base flow decreased.

The threat to the water resources of the basin is not only land use and land use and land

cover change. The other major threat is climate change. The projected climate change

together with land use and land cover change will also have many implications on the

water resources of the basin including Lake Tana.
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Even though there are some conservation practices in the basin, the work done is not

enough to reverse the land degradation in the area. The laws and regulations for natural

resource conservation are not written down in an explanatory way and they lack

enforcement, responsibility and accountability. These laws are not respected by the

laws for economic development of the country in general and the basin in particular.

There is also lack of awareness by the people living in the basin about the

consequences of natural resource degradation.

The present state of the basin identified in this study will call for more and urgent

action to protect the area from further degradation.

The gaps identified are the Lake Tana level varied through time and what are the real

contributing factors for this variation, and lack of knowledge on the climate modeling

of the Lake Tana basin.

5.2. Recommendations

The recommendations focus more on the formulation of policy and design

implementation strategies. Economic development policies for the Lake Tana basin

must respect natural resource conservation policies and take in to consideration the

environmental status of the area or undertake appropriate environmental impact

assessment. There should be appropriate land use planning by identifying the proper

land for specific purpose. It is also important to organize proper institutions.

Population growth is the primary underlying cause for the change of land use and land

cover and its impact on hydrology and climate. So the Governmental and Non

governmental bodies have to formulate policy, learn the community about the

consequences of population growth and work on family planning.
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Improving the land use and land cover change, hydrological and climate modeling is

also very important. Build the capacity of the researchers through different trainings

and experience sharing. Tremendous data quality and quantity is also another essential

component to increase the performance of the watershed model. For example, the

weather and hydrological data in Ethiopia lack full and realistic long period of data.

Alleviate this problem by improving data recording procedures and establish new high

standard weather and hydrological stations. Utilize any predictive watershed model for

the effectiveness of future potential management practices.

There are some actions which have been undertaking in the basin to rehabilitate the

degraded environment and to protect Lake Tana from further damage. But these actions

are not coordinated so they are not fruit full. There must be coordination and

information sharing at the basin level. The information about all physical and

biological components of the area should be compiled in a data base. The complexity

of the basin, and the negative influence and consequences for humans have brought

this days a more integrated thinking that management of the area should follow. The

responsible body needs to prepare and implement integrated water resources

management plan in the basin with full participation of all relevant stakeholders

including the riparian community to sustain the land and water resources system in the

basin.
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APPENDICES

Appendix 1. Landsat images of the Lake Tana basin in 1986, 2001 and 2015
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Appendix 2. Coordinates for the Ground Control Points in the Lake Tana basin

X Y Class name

400546 1296155 Farm land

380295 1285343 Farm land

297251 1280653 Farm land

272055 1288064 Farm land

259622 1242286 Farm land

259621 1242288 Farm land

409547 1296153 Farm land

369877 1300707 Forest

319577 1293997 Forest

340743 1379718 Forest

289851 1235246 Forest

379350 1340247 Forest

340744 1379719 Forest

327962 1356485 Wet land

348798 1318334 Wet land

348722 1324919 Wet land

299282 1254580 Wet land

310934 1257853 Wet land

300306 1290843 Wood land

298984 1292890 Wood land

282686 1358487 Wood land

285000 1361551 Wood land

415238 1295512 Wood land
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Appendix 2. Cont.

X Y Class name

378090 1341844 Shrub land

284465 1355895 Shrub land

327373 1382747 Shrub land

399129 1295221 Shrub land

400826 1296086 Shrub land

284466 1355896 Shrub land

416306 1294863 Range land

280688 1264056 Range land

326934 1367406 Range land

311269 1295555 Range land

273714 1275415 Range land

362170 1296368 Range land

260348 1243664 Bare land

325744 1282491 Bare land

310055 1357217 Bare land

279339 1328591 Bare land

278385 1329697 Bare land

289697 1342882 Water body

325496 1329458 Water body

325089 1302202 Water body

337293 1342476 Water body

318097 1352214 Water body

298523 1353124 Water body
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Appendix 3. Location of the GCPs in the Lake Tana basin
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Appendix 4. List of weather and hydrological stations in and around the Lake Tana

basin

4.1. Weather stations in and around the basin

Name Latitude Longitude Eleveation (m.a.s.l)

Addis Zemen 1339738 366492.3 1940

Adet 1246754.2 335519.2 2179

Aykel 1387007.6 289064.8 2254

Bahir dar 1283160.5 317047.1 1827

Chewahit 1364252.5 307356.5 1925

Danigla 1264810.6 264988.1 2116

Debre Tabor 1311999.9 390581.5 2612

Deke 1313125.9 306765.6 1815

Delgi 1348665 288416.4 1798

Enfranz 1355515.6 350550.9 1937

Enjbara 1216258.4 272646.2 2568

Gondar 1384688.1 329613.6 1973

Maksegnit 1369927.7 342923.1 1912

Sekela 1215254.8 304822.6 2715

Wanzaye 1303253.2 355640.4 1821

Wereta 1318290.2 357974.1 1819

Zege 1292688.8 316060.4 1801
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4.2. Hydrological stations in the basin

River/Lake Gauging Site Latitude Longitude Area (km2)

Gilgel Abay Near Marawi 1257249 285384.5 1656.2

Rib Near Addis Zemen 1326879 360286.8 1302.6

Gumera Near Bahir Dar 1308488 351122.1 1283.4

Megech Near Azezo 1300493 331556.2 513.5

Abay At Bahir Dar 1282813 325551.9 1546

Lake Tana At Bahir Dar 1282823.2 323734.3 3060
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Appendix 5. Soils parameters used in the SWAT model

Parameter Description

SNAM Soil name

NLAYER Number of layers

HYDGRP Soil hydrologic group (A,B,C, or D)

SOL_ZMX Maximum rooting depth of soil profile (mm)

ANION_EXCL Fraction of porosity (void space) from which anions are excluded

SOL_CRK
Potential or maximum crack volume of the soil profile expressed as a fraction of
the total soil volume

TEXTURE Texture of soil layer

SOL_Z Depth from soil surface to bottom of layer (mm)

SOL_BD Moist bulk density (Mg/m3 or g/cm3)

SOL_AWC Available water capacity of the soil layer (mm H2O/mm soil)

SOL_K Saturated hydraulic conductivity (mm/hr)

SOL_CBN Organic carbon content (% soil weight)

CLAY Clay content (% soil weight)

SILT Silt content (% soil weight)

SAND Sand content (% soil weight)

ROCK Rock fragment content (% total weight)

SOL_ALB Moist soil albedo

USLE_K
USLE equation soil erodibility (K) factor (units: 0.013 (metric ton m2  hr)/(m3-
metric ton cm))

SOL_EC Electrical conductivity (Ds/m)
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Appendix 6. Soils parameter values used in the SWAT model
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Appendix 7. Statistical weather parameters used in the SWAT model

No

Statistical

weather

parameter Description

Method of

calculation

1 TMPMX (mon) Average daily maximum air temperature for
month (ºC)

dew02.exe

2 TMPMN (mon) Average daily minimum air temperature for
month (ºC)

dew02.exe

3
TMPSTDMX

(mon)
Standard deviation for daily maximum air
temperature in month (ºC)

EXCEL

4
TMPSTDMN

(mon)
Standard deviation for daily minimum air
temperature in month (ºC)

EXCEL

5 PCPMM (mon) Average total monthly precipitation (mm H2O) pcpSTAT.exe

6 PCPSTD (mon) Standard deviation for daily precipitation in
month (mm H2O/day )

pcpSTAT.exe

7 PCPSKW (mon)
Skew coefficient for daily precipitation in

month
pcpSTAT.exe

8 PR_W (1,mon)
Probability of a wet day following a dry day in

the month
pcpSTAT.exe

9 PR_W (2,mon)
Probability of a wet day following a wet day in

the month
pcpSTAT.exe

10 PCPD (mon)
Average number of days of precipitation in

month
pcpSTAT.exe

11
RAINHHMX

(mon)
Maximum 0.5 hour rainfall in entire period of
record for month (mm H2O)

12
SOLARAV

(mon)
Average daily solar radiation for month
(MJ/m2/day)

EXCEL

13 DEWPT (mon)
Average daily dew point temperature for each
month (ºC) or relative humidity (fraction) can be
input

dew02.exe

14 WNDAV (mon) Average daily wind speed in month (m/s) EXCEL
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Appendix 8. Statistical weather parameter values used in the SWAT model
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Appendix 9. Selected pictures in the Lake Tana basin

Plate 1. Wet land on Deke Istifanos Island
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Plate 2. View of Lake Tana from Delgi Port
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Plate 3. View of Lake Tana from Gorgora port
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Plate 4. Birds around Lake Tana
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Plate 5. Birds around Lake Tana
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Plate 6. Over grazing around Lake Tana
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Plate 7. Sedimentation around Lake Tana
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Plate 8. Sand extraction around Lake Tana
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Plate 9. Farm land around Lake Tana
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Plate 10. Farm land in the basin
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Plate 11. Farm land in the basin
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Plate 12. Farm land in the basin
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Plate 13. Farm land in the basin
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Plate 14. Row cropping in the basin
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Plate 15. Stony area in the west corner of the basin
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Plate 16. Area closure in the west corner of the basin


