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Abstract

For the past 30 years an increase in populatiosspre caused a consistent change in the land cover
of the Upper Gilgel Abbay catchment. This was maly deforestation as is the case in many other
areas of Ethiopia as well The effects of land castginges have impacted the water balance of the
catchment by changing magnitude and pattern offfupeak flow and ground water levels. This
study is mainly focusing on the assessment of yldediogical response due to the land cover change
through satellite remote sensing and Geographiornmdtion system (GIS) integrated with the
hydrologic modelling.

The result of remote sensing assessment on thectarat of the catchment indicated that the forest
cover decreased by 1.38 % between the years 18&-1¢hile it was 0.92 % between the years
1986-2001. This was mainly due to mainly the exman®f agriculture by 1.53 % and 1.07 %
corresponding to the same period.

Based on this result, the stream flow records vemi@ysed statistically to evaluate if changes & th
land cover affected the hydrological response efdatchment. The result of the analysis indicated
that the peak flow increased by 0.90¥stand the base flow in the dry season also dezildas0.053
m’/s during the first period. For the record peribd peak flow increased by 0.762/snwhile base
flow decreased by 0.069%s. Generally, the analysis indicated that flowinigithe wet season has
increased, while the flow during the dry seasorrelesed. The HBV model was applied to evaluate
the model response to the land cover changes,tencesults show that the changes in stream flow
characteristics could be relayed to the changheofand cover during the studied period.

Key words: Upper Gilgel Abbay, Land cover chari@emote sensing, GIS, Stream flow change;
HBV
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HYDROLOGICAL RESPONSES TO LAND COVER CHANGES IN GILGEL ABBAY CATCHMENT, ETHIOPIA

1. INTRODUCTION

1.1. Back ground

Land cover changes commonly are highly pronouncedthe developing counties that are

characterized by agriculture based economics apidlyaincreasing human populations. Meyer and
Turner (1994) discussed that land cover changesaarsed by a number of natural and human driving
forces. Whereas natural effects such as climategehare only over a long period of time, the effect

of human activities are immediate and often dirBobm the human factors, population growth is the
most important in Ethiopia (Hurni, 1993 as citedTiekele and Hedlund, 2000), as it is common in
developing countries. Some 85% of the populatiblives in rural areas and directly depend on the
land for its livelihood. This means the demandkaafls are increasing as population increases.

Population growth causes degradation of resout@s¢lay on the available land and the interaction
between them is very complex. Interactions can n@itive or negative effects to the resources.
People demand land for food production as wellbadhibusing and it is common practice to clear the
forest to make farming area and housing. The rasuhat land cover and land use change due to
daily human intervention. Hence, understanding tiosvland cover change influence the river basin
hydrology will enable planners to formulate polEi® minimize the undesirable effects of futuredlan
cover changes.

Land cover changes may have immediate and loniggishpacts on terrestrial hydrology which have
been described by Calder (1993) and, alter the lomgn balance between rainfall and
evapotranspiration and the resultant runoff. Indhert-term, destructive land use change may effect
the hydrological cycle either through increasing thater yield or through diminishing, or even
eliminating the low flow in some circumstances (K&@t al., 2004). Savenije (1995) suggested that in
the long-term the reductions in evapotranspiratéod water recycling arising from land cover
changes may initiate a feedback mechanism thaltsgaueduced rainfall.

Study of stream flow patterns with respect to laomlver dynamics enables assessment of
sustainability of land use systems; because stfieaws reflect on the hydrological state of the emti
watershed. As stated by Calder (2002), the hydicébgmpact of land cover changes is a referencing
issue and much research is necessary.

The information can also be applied to forecastlikely effects of any potential changes in land

cover on water resource systems. Generally, itpgrapriate to use satellite remote sensing and
Geographic information system (GIS) integrated wiltle hydrological modelling to analyse the

hydrological response due to the land cover change.
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1.2. Problem statement

Gilgel Abbay catchment is densely populated witraanual growth rate of 2.31% according to CSA
(central statistical authority) .This causes mafigots on the resource bases such as deforestation,
overgrazing of the range lands, and expansion efréisidential area and agriculture area. Based on
the field visit in September 2008, large deforeéstats a day by day activity of the people living i

the catchment. There is also high gully erosionthsy effects of intense rainfall and topographic
steepness of the catchment which aggravates tdectarer change of the catchment. This continuous
change in land cover has impacted the water balahtte catchment by changing the magnitude and
pattern of runoff, the peak flow, ground water &sbhnd thus the intermittence of once perennial
steams or vice versa, which results increasingsbent of the water management problem. Therefore,
a strong need is identified for the use of hydrdagchniques and tools that can assess the likely
effects of land cover changes on the hydrologipaase of a catchment. Such techniques and tools
can provide information that can be used for somatér resources management at a catchment scale .
In this study area, any change in stream flow pagtassociated with land cover dynamics are poorly
documented. Hence, such study has practical retevéor devising strategies and policies for a
sustainable land and water use.

1.3. Objectives, research questions and hypothesis

The general objective of the study is to asse#yideologic response due to the land cover changes i
Gilgel Abbay catchment through remote sensing amhidiogic models.

1.3.1. General Objectives

The general objective of the study is to assehyleologic response due to the land cover changes i
Gilgel Abbay catchment through remote sensing amhidiogic models.

1.3.2. Specific objectives

» To analyse hydrologic time series related to lamekc change
* To quantify the land cover changes by change detentethod.
* To evaluate the response of a hydrologic modehefcatchment to the changes in land cover

To address the aforementioned objectives, the rdsegestions for this study are:
» What trend in land cover change can be identifiethé catchment?
» Have the land cover changes affected the rainialbff relation?
» How will the land cover changes affect the hydradagsponse of the catchment?

1.3.3. Research hypothesis

« Catchments under little vegetation cover and lolbas are subjected to high surface runoff
volumes, low infiltration rate and reducedgrd water recharge.
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« The HBV model approach is able to simulate the blgdyical response of the catchment in
the study area.
« There is a significant variation of land cover opes between the referenced periods of the

study (1975-2003) in the catchment.
e The hydrology behaviour of the catchment is higiffgcted by the land cover change.

1.4. General methodology

The methodology of the research has tipleases:
Pre-field work

The main activities conducted before the field vgovkere literature review on related works and
previous studies including discussions with suemg. Preparation the land cover maps of the study
area using aster image of April, 2002 through uesuped classification. Finally, collecting
information about the study area and preparingtaildd action plan of field work that helps to atlap
easily during the field visit.

Field work

The required hydrological and meteorological datenfrespective offices like daily discharge, daily

rain fall, maximum and minimum temperature, sunshiours and wind speed as well as 1:50,000
topographic map of the study area were collectethguhe field work. Moreover, during a survey of

the catchment, ground truth data was collectedgu€®S for land cover classification and an

interview was also conducted with local people &hgr information about the land cover of the

study area.

Post- field work

The main activities conducted after the field wonkere as follows: image classification and change
detection techniques were analysed to identify leoner changes by processing the selected image
data. The hydro-meteorological data was processethdlyse the results from data processing, and
then converting the image and hydro-meteorologitzda processing to reflect and to match model

parameters. Finally, the results of the modellirighwespect to land cover changes were analysed.

Generally, the conceptual frame work in figure §hbws the main procedure that was followed to
investigate the hydrological response of land caehange.
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Figure 1-1: Frame work of the study

1.5. Thesis outline

Analysis of land
cover change
detection

This thesis report consists of six chapters. Thaards of each chapter are organized as follows:

In the first chapter, a general introduction ablautd cover change and hydrological responses is

presented. The problem statement, the researclttoigie and the research questions are also

discussed in this chapter. The second chapter givesief introduction of the study area. The

location, topography, climate and land cover ofgshaly area are also described in this chaptéhen

third chapter, literature review about the subjeettiter is presented and it gives a scientific ngvie

this study is mainly based on. The reviewed liimesg are relevant to land cover classification,
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change detection and hydrologic impact of land cosleange. The fourth chapter is about the
materials and methods used in this study. The iftlpter presents the results and a discussiomeon t
results of this study. The last chapter, six, gitles conclusions drawn from the study and the

recommendations based on the study conducted imateddirection for future studies.
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2. STUDY AREA AND DATA AVAILABLITY

2.1. Study area

2.1.1. Location

Upper Gilgel Abbay catchment is located in the Rest high lands of Ethiopia between’ 56"
t011°22' N latitude and 3644' to 37 03' E longitudes. The Upper Gilgel Abbay River ieof the
major rivers which drains into Southern part of €akana and originates from a small spring that is
Gish Abbay Mountain near Sekela town at elevatibR3®0 m a.m.s.l. At the outlet to Wotet Abbay,
the catchment area is around 1656.20 with a longest flow path of the river from the sweito the
gauging station (Wotet Abbey) is 84 Km from SRTM.

262114 325613,
1260099 1260099

/

Ethiopia

[ — — ] Projection: UTM
0 25000 m Datum: WGS 1984
Ellipsoid: WGS 84

we | 1202814 1202814
" 262114 325613

Figure 2-1: Location of Upper Gilgel Abbay Catchrmen

2.1.2. Topography

The elevation of Upper Gilgel Abbay catchment vaufiem 1934 to 2917 m a.m.s.l. by SRTM-DEM

as shown in figure 2.2. On the South eastern ridg@sNorthern most parts of the catchments the
highest elevation ranges and the lowest rangesoaated respectively. The slope of the catchment
was classified to gentle (0-6 %), steep (7-14%) axckssive (>14%) slope classes (Scottand and
Hofer, 1995).

According to Ashenafi (2007) around 80 % of thechatent area falls in the slope range of (0-6 %),
15 % of the area falls in the slope range of (Bd4dand the remaining 5 % is steeper than (14 %). It
was also stated that the excessive slope of tlummaint area lies in South east and decreases to the
North.
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Generally the catchment area is mountainous aadhighly dissected terrain with steep slopes in the
upstream part, and an undulating topography antlegslopes in the downstream parhis is Body
text style. Use this for the body text.

260485 325195
1269485 1269485

Elevation

2917.0
27204
2523.8
23272
2130.6
1934.0

0 25000 m Projection:UTM
Datum:WGS 84

1201085 1201085
260485 325195

Figure 2-2: SRTM DEM of the Upper Gilgel Abbay datrent.

2.1.3. Climate

The inter-annual oscillation of the surface positaf the ITCZ causes variations in the wind flow
patterns in Ethiopia. In its oscillation to the tioand south of the equator, the ITCZ passes over
Ethiopia twice a year and this migration alternalihcauses the onset and withdrawals of winds from
north and south (EMA, 1981). The Upper Gilgel Ablzatchment receives big rains between June
and September when the ITCZ is to the north of dfiilai, while the small rainy season is usually
between March and May. Winds from the gulf of Edewl Indian Ocean highs are drawn towards
centre of Ethiopia. These moist easterly and sagtsterly winds produce the small rains of spring to
the east central part of the north-western higtdgikéhsay, 2004).

Generally, the annual climate of the study area bwayglassified in rain (June to September) and dry
seasons (October to May). There is high spatialtarmgporal variation of rainfall in the study area.
The spatial variation of rainfall amount in the aiadicated a decreasing trend from south to north
part of the catchment area. The long term meanamainfall in the southern part of the catchment
(Sekela) and from the northern part to be of (AbBhglko) 1900 mm and 1200mm respectively.
Temperature in the study area is highly influenbgdhe altitude where the temperature decreases
with increase in altitude. The mean annual tempegadf the catchment falls in the range ofQ6o
20°C.The climate is generally temperate at higher atlems and tropical at the lower elevation
(Conway, 1997).
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2.1.4. Land cover

Rain fed agriculture is the main economic actiafythe catchment. Irrigated land and perennial €rop

also cover large parts of the catchment. The lavercmap of the Upper Gilgel Abbay catchment was
prepared for this study by using supervised langcalassification of Landsat ETM image dated on

05 Feb. 2001. Most of the catchment area is domihby agricultural land while limited areas in the

south-east corner are covered by little vegetafitre major land cover types are shown in figure 4.3
and indicate that agricultural lands cover somé&®agriculture some 17 %, shrubs land some 9 %,
grass land some 9 % and water and marshy lands 3éme

2.1.5. Soil and geology

The Upper Gilgel Abbay catchment is part of thentdgds that largely owe their altitude to the uplif
of the Arabo-Ethiopian landmass and the subsequépiouring of basaltic lava flowing during the
Tertiary period. This consists of Quaternary volcancks that overlay the older Tertiary rocks lod t
catchment. The Quaternary Volcanics are mostly essgoited by olivine alkali basalt, often
interbedded with clayey palaeosoils. As discussedSMEC (2007) the Quaternary volcanic
comprises blocky and fractured vesicular basalfesbasaltic breccias and tuffs perhaps as much as
200-300mm thick. The Upper Gilgel Abbay catchmesmtniostly covered by Haplic Luvisoils
(BECOM, 1998). The FAO (1991) description stateat tthe Luvisols are, in general, fertile soils
because of their mixed mineralogy, relatively higlneral content and the presence of weatherable
minerals. Generally, Tessema (2007) reported thatcultivated lands throughout the study area
mostly lie on this type of soil.

2.2. Data availablity

2.2.1. Meteorological data

Based on the objective of the study, meteorologiedh are collected during the field campaign from
the Ethiopian National Meteorological Agency (NMA) Addis Ababa and BahirDar office.
According to NMA, Meteorological data is categodzato four classes depending on the type of the
data and its observation frequencies at each staBased on this classification, meteorological
stations found in this catchment are grouped inted classes. Dangila and Adet stations (clasthl wi
observation frequency of every three hours) haveiimam and minimum temperature, wind speed,
sunshine hour duration, relative humidity and gitation. Kidimaja and Wotet Abbay stations (class
Il) have maximum and minimum temperature, and ipitation data where as Abbay shelko and
Inijibara (class V) stations have only observetdydarecipitation data. In summary, the data hasrbe
collected from eight metrological stations withimdaaround the catchment as shown in figure 2.3.
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Figure 2-3: Meteorological and hydrological stai@elected for the catchment.

Generally, daily rainfall data of 11 years haverbeellected from the period of 1987-1990 and 1999
—2005. For these years, temperature (max and sunghine hours, wind speed and relative humidity
data have also been collected that were used dardlrulation of evapotranspiration.

Table 2-1: Location of the meteorological stations

Stations name Latitude (deg) Longtiude (deg)

Adet 11.27 37.47
Dangila 11.12 36.83
Kidimaja 11 36.8
Inijibara 10.97 36.9

Wotet Abbay 11.37 37.05
Sekela 11 37.22
Gundil 10.95 37.07

Shelko 11.38 36.87
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Figure 2-4: Annual rainfall of selected meteorotajistations for the period of 1987-1990
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Figure 2-5: Annual rainfall of selected meteorot@jistation for the period 1999-2005

2.2.2. Hydrological data

Daily series of discharge data of the upper Gilyebay River were collected from the Ministry of
Water Resources of Ethiopia (MOWR) during the fielork. The river discharge of Gilgel Abbay is
measured twice per day, one reading in the mor@r@p hr) and one is in the afternoon (18:00 hr), a
Wotet Abbay gauging station. The available dischatgta is in the unit of ¥6". The data covers a
time period of 31 years which is from the perio@3%0 2003. The minimum discharge lies between
200 - 300 n¥s, while the maximum discharges is between 3000-r8/s. A time series plot of the
river discharge data is shown in figure 2.5. Aaliarge records of the year 1985 are considered sin
there is no indication of failure of the gaugingtiin or differently.
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Figure 2-6: Discharge record of Gilgel Abbay Rie¢iWotet Abbay station (1973-2003)
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3. LITERATURE REVIEW

3.1. Land cover classfication

The purpose of digital land cover classificationadink the spectral characteristics of the imtme
meaningful information class value, which can bepliiyed as a map so that resource managers or
scientists can evaluate the landscape in an aecarat cost-effective manner (Weber and Dunno,
2001).The overall objective of image classificatppncedures is to automatically categorize all Isixe

in an image into land-cover classes. This may béaed by either visual or computer aided analysis.

A large number of classification methods exist whare generally grouped in unsupervised and
supervised classification. The classification maydither by an unsupervised method that groups
cases by their relative spectral similarity or bgupervised method based on similarity of cases to
set of predefined classes that have been chazadespectrally.

Accuracy assessment is an important feature ofdamdr mapping that helps to determine the quality
and reliability of information derived from remotensed data. It also creates on continuity to
understanding the thematic uncertainty, and igyikmplication to end-users.

3.2. Land cover change detection

Land cover refers to the surface cover includingggephical features like vegetation, urban
infrastructure, water, barren land, inland watedibs, etc. Land cover is a fundamental variablé tha
impacts on and links many parts of the human angipal environments. Barnsley (2001) refers to
land cover as “the physical materials on the serfaica given parcel of land (e.g., grass, concrete,
tarmac, water).” Land cover change is highly addy human-induced activities rather than natural
events. Today, mainly agriculture expansion, bugniactivities or fuel wood consumption,
deforestation, expansion of grazing land, sometcoctson works and urbanization cause land cover
changes. Consequently, such changes may have great impactshe catchment by altering
hydrological processes such as infiltration, grouaigtr recharge, and base flow and run-off and
assessing such is at the core of this work.

Change detection is the process of identifyingedéhces in the state of a feature by observing it a
different moments in time. There are a large nundfechange detection algorithms or techniques
developed and used over the years to estimate ebargjng remote sensing data. These techniques
are based on various mathematical and/or statisétztionships, principles, and assumptions (Singh
1989). Change detection algorithms include imagerlay, image digitizing, image differencing,
image regression, image rationing, vegetation indéferencing, principal component analysis,
spectral/ temporal classification, post classifarat comparison, change vector analysis, and
background subtraction (Singh, 1989; Coppin & Baté86; Sunar, 1998). Although these methods
have been successfully applied in monitoring charfge several applications, there is no consensus
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as to a ‘best’ change detection approach. The ofpehange detection method employed largely
depends on data availability, the geographic afestualy, time and computing constraints, and type
of application.

Within the context of the change detection analyseshis study, post classification comparison
technique and matrix analysis have been used trdite the changes in land cover over 30 years.
The advantage of post classification comparisdhas it bypasses the difficulties associated whiidn t
analysis of the images acquired at different timethe year, or by different sensors and quite high
change detection accuracy (Alphan, 2003). Thisihgps the most common approach to the change
detection, and the methods comparison uses sepdestgfications of the images that occurred at
different moment in time to produce different mémn which “from-to” change information can be
generated (Jensen, 2004).

Matrix analysis produces a thematic layer that @mist a separate class for every coincidence of
classes in two layers. The output is best descntigda matrix diagram. In this diagram, the classe
of the two input layers represent the rows androokiof the matrix. The output classes are assigned
according to the coincidence of any two input aasdf there is no change in the land cover over
years, only values appear in the diagonal of thigixpand these values represent the areas oftik |
classification. Under suchircumstances, the sum of the columns and rowssiangar and do not
show any changes.

3.3. Remote sensing application

In most parts of the world, land cover is dynamepecially in rural and semi rural areas. Undehsuc
condition, accurate, meaningful and availabilitydafta on land is highly essential for planning and
decision making. Among the various sources of lamder data, satellite remote sensing is
particularly attractive. The importance of remoéasing was emphasized as a “unique View” of the
spatial and temporal dynamics of the processesnd kover changes (Herold , 2003). Stefanov
(2001) described that satellite remote sensingnigcles have started to be used in 1970's as a
modern tools to detect and monitor land cover changedbus scales with useful results.

The change in land cover from rural to urban coéads and mapping of land cover establishes the
baseline to predict to plan water resources, toitmoadjacent environmentally sensitive areas, tand
evaluate development, resource management, inaluattivity, and/or reclamation efforts. The vital
component of mapping is to show the land cover gbatin the watershed area and to divide land use
in the various classes of land use. At this stegyaptely sensed imagery is of great help for olxtgin
information on temporal trends and spatial distiidou of watershed areas and possible changes over
the time dimension for projecting land cover chanpet also to support changes impact assessment
(Atasoy et al., 2006). Furthermore, multitemporamotely sensed images are widely considered
effective data sources that can be used to mathiorapid changes of land cover, to classify tygfes
land cover, and to obtain a timely regional ovemief land cover information in a practical and
economical manner over large areas.
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In general, change evaluation in land cover camMttained by using the analysis of multitemporal
images to extract more classes or sub-classesesetid broad land cover types which used in the
change detection limited by the historical map (@aet al., 1999; Prol-Ledesmet al., 2002). The
acquisition of series of appropriate satellite iemis often not possible for some change applicatio
due to low spatial and spectral resolution.

In cases when large areas are to be analyzeddattialy of times series historical land cover cleang

it is necessary to use LANDSAT Enhanced Thematippea(ETM+), LANDSAT Thematic Mapper
(TM), as well as LANDSAT Multispectral Scanner (MS8ata to different land cover types
according to their spatial and spectral capabidlitiad then reduced or combined for later comparison
purpose. The images belonging to various time wader have different sensor performances
investigating the change in the Land Use/Cover (C)LUn this case, the classification results wél b
different, because resolutions of sensors varysTthe change analysis is preferred (Hashilsl.,
2000). The MSS sensor mounted on the landsatisatedllected data between 1972 and 1994, while
the TM and ETM+ sensor have been in use and havieeglgthe image of the earth since 1982 and
1999 respectively.

Change detection with LANDSAT MSS data has beegelgrperformed at mesoscale levels. The
Landsat MSS sensor has 4 bands that simultaneoestyd reflected radiation from the earth's
surface in the green, red, and near-infrared pustiaf the electromagnetic spectrum. The resolution
for all bands of 79 m, the wave length is betwed&®{.1um, and approximate scene size is 170 km
north-south by 185 km east-west. Some results Hmen far from being satisfactory due to
resolutions, where small changes and short timervats failed to exhibit sufficient change to detec
accurately with LANDSAT MSS data (Ridgdl al., 1983).

Therefore, it is important to use other data sasuech as topographic maps and aerial photographs
besides high-resolution satellite images to evaltia land use/cover changes.

The thematic mapper (TM) is an advanced, multispestanning, earth resources sensor designed to
achieve higher image resolution, sharper speotyaration, improved geometric fidelity, and greater
radiometric accuracy and resolution than that ef MSS sensor. The LANDSAT TM sensor has 7
bands, with a spatial resoulation of 30 meterdfords 1 to 5 and band 7 (wave length between 0.45-
2.35um) that simultaneously record reflected or emitediation from the earth's surface in the blue-
green, green, red, near-infrared, mid-infrared, #re far-infrared portions of the electromagnetic
spectrum. Spatial resolution for band 6 (thermahired and wave length between 10.40-12161) is

120 meters, but band 6 data are resampled to 3€r pieel size. Approximate scene size is 170 km
north-south by 183 km east-west

Enhanced Thematic Mapper Plus (ETM+) is the suates§ TM. The observation bands are
essentially the same seven bands as TM, and thé reglded panchromatic band 8, with a high
resolution of 15m was added. Landsat ETM+ imaga dahsist of eight spectral bands, with a spatial
resolution of 30 meters for bands 1 to 5 and banfiwave length between 10.40-12.%0n).
Resolution for band 6 (thermal infrared and wavegth between 10.40-12.50n) is 60 meters and
resolution for band 8 (panchromatic and wave lengdtween 0.52-0.9Qum) is 15 meters.
Approximate scene size is 170 km north-south byki82ast-west.
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3.4. Hydrological models

Hydrological models are considered simplified reprgations of the real world where each model
has its own conceptual approach and related matiehtormulation. In this study a rainfall-runoff
is selected and serves to provide quantitativerin&ion of the catchment runoff and inherent
characteristics. Understanding hydrological proesssnd their spatial and temporal patterns
considered is basic for a sound water manageméetapplication of hydrological models may help
in variousways to understand and to assess future tempastlbdition of water resources in the
space and time dimension.

An important issue in modelling the hydrologicabpense of a catchment is the level of detail at
which land cover properties are represented, bbireviand cover patterns are stable and where they
are changing over time. Nowadays, various appraaecihe available to assess the impacts of land
cover changes in different parts of the world. Blase the assessment, most of the hydrological
models belong to the categories of distributed ayly based and semi distributed conceptual
hydrological models. In this terminology physicaligsed stand for the physiographic information of
the catchment and climatic factors in a simplifrednner while conceptual stands for the hydrologic
state of a catchment, flow process at any timestant.

Parkins (1996) described that the most rational t@aynodel the impact of land cover changes on the
runoff dynamics of a river catchment is through liempentation of spatially distributed physically
based hydrological models. In such approachesam@ $urface characteristics represented by land
cover parameters and spatially organized in gydrawhere parameters may be measurable to have
physical meaning or simply be estimated and opgndhithrough a procedure of model calibration.
This class of models is highly demanding in termtheir data requirement and computational effort,
which may increase further as the size of the ca#ett increases.

Semi-distributed conceptual approaches commonlyahte to capture the dominating hydrological
processes at the appropriate scale with accompafigrmulations (see section 4.2). The conceptual
models can therefore be considered as a comprdratsesen the need for simplicity on the one hand
and the need for a firm physical basis on the otfzerd. A disadvantage may be that it is generally
impossible to derive the model parameters dirdetlyn field measurements and therefore calibration
techniques must be used (Refsgaard, 1996).

Conceptual rainfall runoff (CRR) models are normaitlin with area and average values of
precipitation and evaporation as primary input datd, subject to the selected approach, produces
catchment values of soil-moisture, runoff volunesak flows etc.

Also in this study a CRR model is selected thath@none hand should be able to simulate catchment
runoff with some assumed certainty but on the otteard does not require extensive data inputs to
represents system properties. By its many effecmglications the HBV rainfall-runoff model has
been selected that basically solves the water baltor each model calculation time step as sulbpect
inputs and outputs.
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Other reasons why the HBV model is selected aréaiimving:
» the input data requirement is moderate.
> the model simulates the major hydrological pro¢eske catchment.
» the model was tested for hydrological responsetand cover change study in
different parts of the world and
> the availability of the model
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4. METHODOLOGY

4.1. Image processing

Landsat satellite imageries were used in thisystaddentify changes in land cover distribution in
the Upper Gilgel Abbay catchment over a 28 yeansogefrom 1973-2001. Three images were
selected for land cover mapping of Gilgel Abbaychatent. Landsat MSS, TM and ETM+ were
selected to represent the land cover conditiorthényears 1973, 1986 and 2001 respectively. The
images are particularly acquired for the dry seasocapitalize on a) the pronounced difference in
reflectance between forested and non forested ,dogaecreasing confusion at forest edges between
dense forest vegetation and small scale agricufilo®s. The images provide complete coverage of
Upper Gilgel Abbay catchment. For the extractidrelevation, drainage network and catchment
boundary a SRTM-DEM of the year 2000 was seledted.the year 1999 a Normalised Difference
Vegetation Index (NDVI) map from a Landsat imageswaocessed to identify agriculture and grass
land as shown in figure 4.2. The Landsat image sedacted since only 20 % of the catchment was

covered by cloudy, and also the acquisition dath@image was Sept.12, 1999.
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Figure 4-1: Locations of ground control points

Three orthorectified images for 1973, 1986 and 208de provided by NASA and Global Land cover

Facility (GLCF). As indicated in figure 4.1, a largumber (i.e. 498) of ground control points (GCP)
were available for the training and accuracy assess where 80% of the data points were used for
training and 20% for accuracy assessment. The imfg8801 was georefenced using ground control
points collected by GPS during the field campagym] 1:50,000 scale topographic map of the study
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area. The root mean square error (RMSE) the frdéropolynomial function (affine transformation)
was found to be 0.20 pixel (or 0.6 m on the groundihe two other date images (1973 and 1986)
were then rectified to the georefenced image bygan& image registration method. Image
registration is the process of making an image émfarm to another image and involves
georeferencing if the reference image is alreadtified to a particular map projection. Thus toall

for spatial comparison of images through changedii®n, image to image registration is usually
used for the time series data like multi-temponadges over the same region in order to place the
same coordinate system to separate images. InaeRMSE limit for the change detection on land
cover is preferred less than 0.50 pixel when regisg the images. Therefore, the 1973 and 1986
images were registered to the 2001 image by imagémiage registration with an RMSE of
registration was found to be 0.34 pixel (or 19.3@mthe ground) for the 1973 image and 0.22 pixel
(or 6.6 m on the ground) for the 1986 image. Thaltooot mean square errors (RMSE) of the
registered images were quite low to accept thet Ineguired for the change detection. All images
were rectified to UTM projection, WGS 1984 datund &one 37N for the purpose of analysis.

Since images are observed at different momentsinie different conditions prevailed in the
atmosphere and haze and dust can mask actual chahdgnd cover. Work by Huete and Tucker
(1991) indicates that atmospheric conditions sigaiftly may affect the vegetation coverage of the
catchment, and thereby influence through the naseldifference vegetation Index (NDVI). As
such the satellite images have been corrected Heset atmospheric effects while ATCOR
(atmospheric correction software) which is embeddeRDAS Imagine software has been selected
to correct the atmospheric effects on the images.

Table: 4-1 shows the acquisition dates, senson/noat, resolution and the producer’s of the Images.
Since the image had different file format, all irmagwvere imported in ILWIS and the tagged file
formats (TIF) was selected. For atmospheric cowecthe images were exported into ERDAS using
the Erdas.LAN file format.

Table 4-1: The data source for the analysis of gean land cover

[Path/Row]  Sensor Acquisition Resolution  Producer's

date (m)
183/52 MSS  Feb 01, 1973 57 GLCF
170/52 ™ Jan 03, 1986 30 GLCF
170/53 ETM+  Feb 05, 2001 30 GLCF
170/54 ETM+ Sept 12, 1999 30 GLCF
SRTM 2000 90 USGS/GLCF

4.2. Land cover mapping

4.2.1. Land cover class

After the observation during the field work fiveffdrent types of land cover have been identified fo
the upper Gilgel Abbay catchment. The descriptibthese land covers are given as follows:
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Forest Land: Area with high density of trees which include idelous forest land, ever green forest
land, mixed forest land and plantation forests thainly are eucalyptus, junipers and conifers.

Agriculture: Areas used for both annual and perennial cropwvatitn, and the scattered rural
settlements that are closely associated with thgelaized cultivated fields. Due to the difficulty
encountered in identifying the dispersed rurallesetents this type of land cover was combined with
the cultivated land during classification.

Shrubs land: Areas covered with shrubs, bushes and small tre#s little wood, mixed with some
grasses.

Grass land: Area covered with grass that is used for grazimg) that is equal to remain grass cover
for a considerable period of the year (half of year).

Water and marshy land: Area which remains water logged and swampy througlhe year, the
man made water harvesting ponds, the rivers andaits tributaries.

4.2.2. Image classification

Effective classification of remote sensing imagéaddepends upon separating land cover types of
interest into sets of spectral classes (signatuttesf) represent the data in a form suited to the
particular classifier algorithm used (Richards &lli{e1984).In this study, land cover for the sebatt
date was estimated using the supervised imageafadassn.

For the supervised classification, the ground adnpoints collected in the field were used as the
training sample set. Supporting information vdtained from field observation of the land cover,
interviews with local elder people and topographi@ps. The sample set was created using the band
combination of 7, 4, 2 (images of 1986 and 2001) 4n2, 1 (image of 1973) for visual interpretation
of the image in their true colour. MSS sensor badd2, 3, and 4) have the spectral range between
0.45-1.10 um. Both TM and ETM+ sensor bands (13,2, 5, and 7) also have the spectral ranges
between 0.450-2.5um. Bands 1-3 represent visiblgtremagnetic radiation with wavelengths 0.45—
0.52, 0.52-0.60, and 0.63-0.69 um, respectivelpdBarepresents near infrared with wavelengths of
0.76-0.90um, and bands 5 and 7 represent mid-auraith frequencies of 1.55-1.75 and 2.08-2.35
pum, respectively.

The classification was performed by assigningdixels to what land cover class they belong in the
sample set. In the classification, the maximumlyikeod classifier was used that is the most widely
used in image classificatiofihe algorithm was selected since unlike other diass it considers the
spectral variation within each category and therlapethat may occur among different classes
(Campbell, 2002). This is also achieved by caléudpa statistical distance based on the mean values
and covariance of the clusters. The spatial coeerdgeach land cover class can be visualized on
three of historical land cover map. In generabtaltof five major land cover classes were seleated
this catchment: agricultural land, grass land, biand, forest land, and water and marshy land.
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Figure 4-2: NDVI map of Gilgel Abbay catchment pa(ETM+, 1999)

4.2.3. Accuracy of image classification

Accuracy assessment is an important step in thgenuassification process. The objective is to
guantitatively determine how effectively pixels weagrouped into the correct features classes in the
area under investigation. The confusion matrix esved from the image map and filed data was
generated for accuracy assessment.

The overall accuracy is evaluated as the total murabcorrectly classified pixels (diagonal elenggnt
divided by the total number of ground truth pixéliser's accuracy and producer accuracy measured
the correctness of each category with respect torseof commission and omission. The user’s
accuracy is defined as the probability that a exfee pixel has been correctly classified as wethas
producer accuracy is defined as the probability ghpixel classified on the map represents thascla
on the ground (Anderson, 1976). A lower user’s aacyrepresents a high error of commission while
a low producer’s accuracy represents a high efroommission.

The accuracy of thematic maps was determined bgdhstructed matrices along kappa statistics in
order to test whether any difference exists in ittierpretation. Briefly, kappa statistic considers
measure of overall accuracy of image classificatiad individual category accuracy as a means of
actual agreement between classification and obsenvalhe value of kappa lies between 0 and 1,
where 0 represents lack of agreement between fitasgin and observation. Meanwhile 1 represents
complete agreement between the two data sets. AtNegvalue would mean worse agreement than
expected by chance.
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Generally, the maximum likelihood estimate of Kapges computed as follows:
k=Po"Pe (4.1)
1- P.
Where:
Po - The proportion of obsereggeements
Pc - The proportion of agreetaaaxpected by chance
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4.3. Hydrological modeling (HBV 96)

4.3.1. General description

A daily discharge record of Upper Gilgel Abbay riweas simulated interims of the historical land
cover changes by using HBV-96 model for the perdd1973-2005. The HBV-96 model is a
mathematical model and was designed originally gpha for runoff simulation and hydrological
forecasting. This model can also be used for waaéance studies, for runoff forecasting, to compute
design flood for dam safety, to assess and simiitieologic responses due to the effects of land
cover change and climate change (Seibert, 2002).
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The general water balance model is described as:
P—E—Q=%[SP+SM +UZ + LZ +lakes] (4.2)

Where: P: precipitation, SP: snow pack, UZ: uppeugd zone, LZ: lower ground zone, Q: runoff, E:
evapotranspiration, SM: soil moisture, Lakes: la&kime.

4.3.2. Model structure

The HBV-96 is described as a semi-distributed cpiuad model that allows dividing the catchment

into sub basin and the sub basins further divided elevation and vegetation zones. The model
simulates dailydischarge using daily rainfaiemperature and estimates of average monthly patent

evapotranspiration as input together with geogm@ptiormation about the catchment.

Figure 4-3: Schematic structure of HBV-96 model (H\V2006)

Where: EA: actual evapotranspiration, El: evaporafrom interception, SM: soil moisture storage,
FC: maximum soil moisture storage, LP: limit fortgutial evapotranspiratiorfi: soil parameter,
PERC: percolation, K recession parametets,recession parameter, RF: rainfall, IN: infiltcatj SF:
snow factor, @+Qq: runoff components, KHQ: recession at HQ, UZ amtldtorage in upper and
lower response box respectively.

The model was run for each of five subbasins séggrand was combined from all subbasins.
Calibration was done at the outlet of Wotet Abbayged station. The overall effect of elevation zone
with respect to different vegetation zone (foresied non- forested) was also considered by dividing
the catchment into five subbasins.
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The model consists of subroutines for precipitatemd snow accumulation, for soil moisture
accounting where ground water recharge and actugbosation are coupled, and it consists of
response routines, a transformation function asidngle routing procedure.

Soil routine

Soil moisture routine is based on three paramgtet$ and FC controls the contribution to the
response function and the increase in soil moisttoege, LP is the soil moisture value above which
evapotranspiration reaches its potential value B8dis the maximum soil moisture storage in the

model. The soil moisture is expressed as foltows

AQ _(mY
A_p_(ch v

The relation between the soil moisture and evapsfriaation in HBV model can also be expressed as
(Seibert, 1997)

M
Ea= Ep( P FC ;L] (4.4)
Where:
SM - computed soil moisture storage
AP - contribution from rainfall
AQ - contribution to the response function
FC - maximum soil moisture storage
B - Empirical coefficient
E - potential evapotranspiration
Ea - compute actual evapotranspiration
LP - limit for potential evapotranspiration

Responseroutine

The runoff-response function is used to transfoxtess water from the soil moisture zone runoff.
The routine consists of one upper reservoir andawer reservoir. The storage in the upper reservoi
will receive the yield from the soil moisture zoriéat is if the yields from the soil moisture rogi
exceed its percolation capacity, the upper resestaits to fill. By then the water will percolatethe
lower reservoir. The lower reservoir conceptuadipresents the ground water that contributes to the
base flow of the catchment.

The outflow from the upper reservoir is describedadlows:

Q, =k*uz!™® (4.5)
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The outflow from the lower linear reservoir is delsed as follows:

Q =k4*LZ (4.6)

Where: Q. Direct runoff from upper reservoik; recession coefficient upper reservoir storage, Q

lower reservoir out flow, LZ: lower reservoir stgeaand k4: recession coefficient of lower reservoir
storage.

Generally, the soil routine parameters FC, LP, Ancharacterizes to influence the total volume,
where as the response parameters, k4, perc, khantialfa influence the shape of the hydrograph
rather than the total volume. Since Hq is not catiéd, its value was calculated as follows:

H = (MQ* MHQ)"? * 86.4 @7
A
Where:
MQ - Mean of the observed disge flow over the whole period {fs)
MHQ - Mean annual peak flows {fs)
A - Area of the catchrn@m?)

The value of MQ, MHQ for the period of 1999-2008larea of the catchment are tabulated as:

MQ (m¥s) MHQ (n¥s) A (Knf)

50.861 334.492 1656.12

Therefore, the calculated value of Hq for uppeg@ilAbbay river is 6.61 mm/day.

The parameters K4 and perc were used to calib@e Hows during the period of low flows. The
low value of perc results in a low base flow, andl #escribes the recession of base flow. For the
calibration of peak flow during high flow periodfie parameters Khq and alfa were used. A higher
Khq results in higher peaks and a more dynamicomresp in the hydrograph. The higher alfa triggers
the higher peaks and quicker recession.

4.3.3. Model input

The model input requirements for the HBV model dady rainfall, temperature, estimate of average
monthly potential evapotranspiration and catchnobaracteristic of the study area.

Areal rainfall

As the HBV model requires daily rainfall as an ihpgtiwas prepared from the data of meteorological
stations within and adjacent to the upper Gilgeb&priver basin. A total of eight rainfall statioiss
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used inside and close to the catchment are tsedtimate the rainfall amount. Two stations Wotet
and Sekela are located inside the catchment whéesix of stations Dangila, Inijibara, Kidimaja,
Adet, Gundil and Abbay Shelko are located outsidaround the catchment. A daily areal rainfall of
catchment was calculated from daily point measurgnaé meteorological stations by using the
Thiessen polygon and Inverse distance methods é&pegion 4.8) and (sees equation 4.9).

Thiessen polygon method

The Thiessen polygon method is one way of calauadireal precipitation. This method gives weight
to station data in proportion to the space betwbenstations. The area of each polygon inside the
subbasin, as a percentage of the total subbasiy mrealculated. This factor is then used as the
weight of the station situated within that polygdihe Theissen weight for each station was calcdlate
for each subbasin in table 4.2. The precipitatantiie whole area is then calculated as follows:

_ k
p=_1 0> APj (4.8)
or j=t
Where:
P - Average areal rainfall

Pj - Rainfall measured at each station
Aj - Area of each polygon inside the basin

A, - Total subbasin area.

Table 4-2: Weight of meteorological station by ®sein polygon method.

Subbasins

Stations Subbasin 1  Subbasin 2 Subbasin 3 Subbasin 4 Subbasin 5
Dangila 0.44 0.00 0.24
Sekela 0.89 0.14 0.49
Wotet 0.07 0.85 0.04 0.68
Adet 0.04 0.01

Kidimaja 0.03

Inijibara 0.52 0.11 0.01
Shelko 0.08

Gundil 0.36
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I nver se distance method

The rainfall intensity at a point P(Xx,y) outsidenrggauge network is inversely proportional to
distance. l.e. a rainfall station nearer to thenpblated point has a larger weight compared to the
station which is at large distance. For this sttty centre of catchment was considered in the
interpolation and applied to the whole subbasindmpute the weight of each station as is shown in
table 4.3. The power parameter n controls how temghting factor reduces as the distance from the
reference point increases in equation (4.2), kacpbwer parameter n=2 was used for this study. The
equation for calculating the spatial average rdlindacalculated as follows:

(4.9)

Where:

P = Average areal rainfall

Pi = Rainfall measured at each station.

di = Distance of stations from the centre of sulthas
n = Power parameter or weight

k = Number of meteorological stations

i = Minimum number of meteorological station.

Table 4-3: Weight of meteorological station by irseedistance method

Subbasins

Stations Subbasin1  Subbasin 2 Subbasin 3 Subbasin 4 Subbasin 5
Dangila 0.06 0.09 0.27 0.05 0.2
Sekela 0.35 0.16 0.05 0.37 0.05
Wotet 0.11 0.28 0.08 0.06 0.41
Adet 0.17 0.15 0.02 0.04 0.03
Kidimaja 0.05 0.05 0.16 0.05 0.05
Inijibara 0.07 0.07 0.24 0.1 0.06
Shelko 0.14 0.11 0.1 0.28 0.06
Gundil 0.05 0.09 0.08 0.04 0.15

In general, the inverse distance weighted methedsgbetter result and it takes into account
the contribution of rainfall from each station teetwhole subbasin. Therefore, this method

was adopted for this study.

29



HYDROLOGICAL RESPONSES TO LAND COVER CHANGES IN GILGEL ABBAY CATCHMENT, ETHIOPIA

Catchment data

In hydrologic modelling the first step is to delate the catchment of the study area and then to
discretize to hydrologic response units. The concefpp HRU is capable of preserving the
heterogeneity of the three — dimensional physidgm@properties of the drainage basin (Flugel,
1995). The delineation of HRU is done on the babisharacteristics such as slope, aspect, elevation
vegetation-type, soil type and distribution of ppéation. Each hydrologic response is assumed to
have homogenous hydrologic characteristic. Theridiged parameterot analyse the effect of
heterogeneity of the river basin it was divideaifive subbasins as shown in figure 4.5. The
subbasins are classified into elevation in to @lemarange and again into different vegetation
zones. This was done by preparing the Digital e¢lemaModel (DEM) using Shuttle Radar
Topography Mission (SRTM) with 90m resolution (sedigure 2.2) together with different
period of land cover map (see section 5.2). Elemationes were considered as primary
hydrological units of the catchment and were digidgo different vegetation zones

259945 325064
1269895 1269895

N

A

OSubba pin 2

OSubbasin 3

@) !
Subbasin 4

0 25000mM

1205552 1205552
259945 325064

Figure 4-4: Upper Gilgel Abbay river basin dividiedo five subbasins

The result of land cover assessment (see sectigniridicated that they are five major land cover
class is in the catchment. However, for this staya, the HBV-96 model considers the forested land
cover as a unit and the non-forested land coverigharmed as one unit “field”. The zonations reve
done based on elevation and land cover data of @ambasinDuring the whole period of study, the
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largest forest and field land cover zone were foahdubbasin 4, and it is the highest elevated area
next to subbasin 1. Land cover zones in each subbasthree different periods are summarized as
shown in table 4.4, 4.5 and 4.6.

Table 4-4: Land cover zones argh coverage in each subbasin for the year 2001

Subbasin Elevation Land GaXene Total area
Name (m) Field (Rm Forest (Krf) (Knf)

Subbasinl 2738.9 170.51 69.43 239.94
Subbasin2  2281.6 213.10 33.17 246.27
Subbasin3  2425.3 326.79 45.29 372.08
Subbasind  2541.8 456.99 108.71 565.70
Subbasin5 2052.1 210.54 21.56 232.11

Table 4-5: Land cover zones am @&overage in each subbasin for the year 1986

Subbasin Elevation Land Coven&o Total area
Name (m) Field (Bm Forest (Km)  (Knf)
Subbasinl 2738.9 108.38 132.78 241.16
Subbasin2  2281.6 57.05 192.30 249.34
Subbasin3 2425.3 104.79 264.75 369.54
Subbasin4  2541.8 228.95 333.07 562.01

Subbasin5 2052.1 45.04 189.03 234.08
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Table 4-6: Land cover zones amé &overage in each subbasin for the year 1973

Subbasin Elevation Land Cover Zone Total area
Name (m) Field (Rm Forest (Kr) (Kn)
Subbasinl  2738.9 87.56 152.13 239.69
Subbasin2  2281.6 128.19 122.34 250.53
Subbasin3  2425.3 230.53 140.19 370.58
Subbasind  2541.8 231.49 328.63 560.13
Subbasin5  2052.1 134.70 100.51 235.21

Evapotranspiration

The HBV model requires monthly data of long-termam@otential evapotranspiration (SMHI, 2006).

There are number of methods to estimate evapotratisp and they are based on specific climatic
variable required for calculation. In this studgild potential evaporation is calculated by using

Penman-Monteith formula in equation (3.3). The panrapproach of estimating evapotranspiration
combines the mass transfer and energy-balance agp@s because of which it gained strong physical
base (Dingman, 2002). The FAO Penman Monteith niktieguires radiation, air temperature, air

humidity, and wind speed data.

0408 (RN -G) +y 900
ET = T+273

A+y@l+034U2)

U2(es—ea)

(4.10)

Where
ETo = Reference evapotransminafinm day]
Rn = Net radiation at the ceopface [MJ rif day']
G = Soil heat flux density JWi? day']
T = Mean daily air temperature at 2 m he[§G6]
U2 = Wind speed at 2 m height [rMis-
Es = Saturation vapour pressure [kPa]

ea = Actual vapour pressure [kPa]
A

Slope vapour pressure curve [kPa °C-1]

Psychometric constant [kPa*[

Y
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4.3.4. Model Calibration and Validation

By model calibration, which stands for the fineitnof the input parameter data, the performance of
the model will be improved. Hydrological models ueg the procedure of adjusting values of the
model input parameters to match model output widasared field data for the selected period and
situation entered to the model (Rientjes, 2007).

There are three major approaches for calibratiegntiodel in order to identify the optimum
parameter set. These are manual calibration, atsioroalibration, and calibration through
Monte Carlos simulation. Among these methods thauakcalibration was applied for this
study. Under this approach the user adjust thenpeteas interactively in successive model
simulations. Advantage of this approach is the ddpecy of the user, since it builds on
accumulated experience and only intelligent stbpsugh the parameter space will be made.
The weakness of this approach is there is no gleiat at which the calibration process can be &aid
be completed. But what is possible is relative judgt based on the objective function. The model
was also validated against an independent data feitting terms which was not used during
calibration to test the model simulation capabil@enerally the model was evaluated through the
goodness of fit of the simulated to the observembfucan be assessed by three different criteria:

» Visual inspection of the computed and observeddymiphs i.e. a good overall
agreement of the shape of the hydrograph.

» Calculating the volume error using equation (4.1This volume error can vary
betweenwo and -« but performs best when a value of zero is gengratiece no
difference between simulated and observed disch@argers. A relative volume error
less than +5% or —-5% indicates that a model pedowell while relative volume
errors between +5% and +10% and -5% and —10% itedsiGamodel with reasonable
Performance.

N n
Z Qsim(i) - z Qobs(i)
—| 1=

RVe R 100% (4.11)
z Qobs(i)
i=1
Where
R\¢ -Relative volume error
Qm@ - Simulated flow
Qbsi) - Observed flow

» Evaluating the efficiency of the model by relatitiie goodness fit of the model to the
variance of the measured data through Nash-Setdiefficient, R (see equation 4.12). The
Nash-Sutcliffe coefficient ranges from 0 to 1, eegsed in the equation here which is used to
evaluate the performance of the model. A value & represents perfect performance.
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Further, it is known that a value between 0.6 arl iAdicates that the model performs
reasonably. Values between 0.8 and 0.9 indicatelibamodel performs very well and values
between 0.90 and 1.0 indicate that the model padoextremely well (Nash and Sutcliffe,

1970).
n 2
Z( S!m(l) ObS(I) )
R2=1- .:i1 : (4.1p
2:1:( obs(i) )
Where:
B - Nash-Sutcliffe coefficient

Qim@) — Simulated flow
Qus() — Observed flow

6 — Mean of observed flow

During the development of the model, seven yearthefdata (1999-2005) was divided in to three.
Before calibration, the first year of data (1999swsed to warm up of the mode for initialization.

For calibration and validation of the model the aémng data was used from the period of 2000-2003
and 2004 -2005 respectively.

4.3.5. Effects of land cover change on the river system

To assess the effects of land cover change onytmlogic response of the catchment, simulated
stream flow corresponding to historical land coveas done using the HBV model which was
calibrated and validated as discussed in the pumevéection. Rainfall and evaporation data of four
years (2000-2003) were used during simulation. oelel meteorological forcing terms (rainfall,
evapotranspiration) were also kept constant duttmegperiod of 1973, 1986 and 2001 for which the
land cover map that processed in this study. Omdyland cover parameters were changed so as to
eliminate their effects on the stream flow. Duethte fact that mentioned in the above the effects of
land cover change on the basin hydrology was stggthfeom the effects of variable climate in the
catchment. The result of simulation was evaluatgethk following two general procedures. First, by
visually inspecting the three simulated hydrograpkse compared to peak flows, base flows and the
recession using the daily, monthly and annual me8asond, the temporal variation of flows, peak
flows and base flows were used to compare the wireelated hydrographs during the period of wet
season and dry season respectively.
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5. RESULT AND DISCUSSION

5.1. Land cover classfication

5.1.1. Accuracy assessment

To access the accuracy of the classified imageprdusion matrix was constructed by using the
additional ground truth information (ground contgmbints) which was not used in the training
classification. Totally 100 ground control pointen used to validate the classified image. Sinee th
field data is not available for the 1973 and 198@ges, the accuracy assessment was performed only
for the 2001 image. The accuracy of the 2001 lan@icmap is shown in table 5.1.

The overall accuracy that is the user's accuraoydycer's accuracy, and the kappa statistic were,
and then derived from the error matrix. The oveeaituracy of the classification was 83 % with
kappa coefficient of 0.78. The kappa statistic watculated from the result of the land cover
classification, with five classes shown at the dmttof the confusion matrix table. This implies that
the kappa value of 0.784592 represents a prob&bpeitent better accuracy than if the classificatio
resulted from a random unsupervised classificatinstead of maximum likelihood classification.
Landis (1986) defined the agreement criteria fgrpeastatistic, the agreement is poor when k < 0.40,
good when 0.4 < k < 0.7 and excellent when k > OAlternatively, Monserud (1990) suggested the
use of subjective kappa value as < 40 % as poebs54 fair, 55-70 % good, 70-85 % very good and
> 85 % as excellent. Thus, according to these ifileestson scales, the classification for this study
denotes very good to excellent agreement.

For the average accuracy and average reliabilgyréisults were 82.88 % and 84.07 % respectively.
Producer’s accuracy values for all class excepitshranged from 80-90%. The values indicate that
the landsat data and the methodologies employedhim study allowed for the land cover
identification of the majority of reference poirs belonging to one of the selected classes.

Table 5-1: Confusion matrixes forigtation of land cover map 2001

Classified data

Reference Producer's
Data WM AG GL F WM accuracy, %
WM 12 0 2 0 0 85.71

AG 0 22 2 2 0 84.62

GL 1 2 17 0 0 85.00

F 0 1 1 19 2 82.61

WM 0 2 0 2 13 76.47
User's

accuracy, %  92.31 81.48 77.27 82.61 86.67
Over all classfication accuracy = 83 %
kappa statistic = 0.78

Note: WM= Water and marshy land, AG= Agriculturaihtl, GL= Grass land, F= Forest, SL= Shrubs
land.
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5.2.  Land cover map

The land cover map of 1973 in figure 5.2 and thedgram of the land class coverage in figure 1.2
shows that about 51% of the upper Gilgel Abbay loaent was covered by forest, 17% by shrubs
land, 28% by agriculture land, 4% by grass land aery little by water and marshy land. The
distribution of land cover class as it is shownha figure 5.1, forest cover was found in most aft

the catchment; especially the south eastern pathefcatchment is more dominantly covered by
forest. These areas have a terrain of mountainsserepb slope characteristics. During this period
most of the population was settled in the lowewraled areas (north and south western part of the
catchment) and there was some activity of agriceltu
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Figure 5-1: Higtam of land cover class coverage in 1973
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Figure 5-Zand cover map of Upper Gilgel Abbay catchment id3L9

The land cover map of 1986 in figure 5.3 and tlremaroverage of each land cover class in figure 5.4
show that the catchment was covered by 33% fod€8t agriculture, 13 % grass land, 13% shrubs
land, and 1% of water and marshy land. During tesiod, mainly the forest in the Northern,
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Western, South-Western and the central part of datehment was reduced. On contrast the
agriculture was expanded in most parts of the ca¢ch. This is due to the population growth and
settlements in higher elevated or mountains arexevforests are cleared.
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Figure 5-3: Land eowap of Upper Gilgel Abbay catchment in 1986
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Figure 5-4: Higtam of land cover class coverage in 1986

For the year 2001 the land cover map is shownguré 5.6.The area coverage of each class is shown
in figure 5.5 and indicates that agricultural lacalered some 62% while forest, shrubs land, grass
land, water and marshy land covered 17%, 9%, 9%3&hdrespectively. During this period and due
to high increase of population density, this causedrcity of agriculture in low land areas that
necessitated many of them to settle in sloppy anntainous areas. As a result most of the catchment
area was transformed into agricultural lands, amlg bttle forest cover remains through the South-

Eastern part of the catchment.
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Figure 5-5: téigram of land cover class coverage in 2001
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Figure 5-6: ldacover map of Upper Gilgel Abbay catchment in 2001

5.3. Summary of land cover class

Land cover classification maps of the study areeevgenerated for three reference years 1973, 1986
and 2001 and reflect land cover for dry seasonogeri The individual class areas and change
statistics for the period of 1973 to 2001 are sunzed in table 5.2 and table 5.3, respectively.
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Table 5-2: Summary of land @otype in Upper Gilgel Abbay catchment for 197334

and 2001.
1973 1986 2001
Land cover Km? % Km? % Km? %
Types
GL 65.7 4.0 215.9 13.0 146.5 8.8
SL 279.4 16.9 209.9 12.7 147.5 8.9
WM 0.1 0.0 20.5 1.2 45.8 2.8
F 843.8 50.9 544.2 32.9 277.4 16.7
AG 467.2 28.2 665.62 40.2 1038.9 62.7

Note: WM= Water and marshy laAG= Agricultural land, GL= Grass land, F= Foresit= Shrubs

land.

Table 5-3: Summary ofdarover changes in the Upper Gilgel Abbay catchrfant

the period of 1973-1986 and 1986-2001.

1973-1986 1986-2001

Land cover Km? % Km? %
types

GL 150 9 -69.36 -4
SL -69.54 -4 -62.32 -4
WM 20.33 1 25.29 2
F -299.67 -18 -266.71 -16
AG 198.59 12 373.17 23

Note: WM= Water and marsagd, AG= Agricultural land, GL= Grass land, F= Biré&SL= Shrubs

land.

In table 6.3 the negative and positive sign indisahe decrease and increase respectively of land
cover class for the specified time period.

During the period of 1973-1986, agriculture area hecreased approximately by a rate change of
0.92% per annum, while forest decreased by 18% withte change of 1.38% per annum. These
changes showed that the deforestation increasedhamndorest land changed into agricultural and
grass lands in the catchment.
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During the period of 1986-2001, the agricultureaarereased to 23% with a rate of change of 1.53%
per annum, while the forest decreased by 16% withtea of change of 1.07% per annu@enerally
there is an increase in the water and marshy ard&icatchment in this period. The increase of man
made water harvesting pond in the catchment mag baused the increased in coverage of water and
marshy lands.

Over the past 28 years, almost all of the agricaltiexpansion has resulted from the
deforestation where forest lands are cultivatetbestome agricultural land. Therefore, in the
year 2001 approximately 70% of forests were desttlwithin the reference period.

This is Body text style. Use this for the body text

5.4. Change detection

To assess the land cover change through post fitatisin and matrix analysis between the years
1973 and 1986, the 30m images was resampled tdby7aming the nearest neighbourhood technique
as discussed in section 4.1. The results of thisttal change analysis of the study area are shiow
table 5.4 and 5.5. Note that the matrix table 5i® &7 may read as the total area cover of landrcov
class in 1973 (correspond to the row) convertedl different land cover class in 1986 (correspond to
the column value). For example: the first row diléa5.6 (GL), the total area of land cover is 65.7
Km?.This value was converted into 6 KBL, 5Knf WM, 5Km? F and 10 KrhAG during the period

of 1986. Area of land cover without changes arated a long the major diagonal of this matrix

Table 5-4: Land cover (LC) conversion matrix frfor the period 1973 and 1986

1986

Land cover

types GL SL WM F AG 1973
GL 41 6 5 5 10 65.7
SL 13 83 5 60 118 279.4

1973 WM 0 0.1 0 0 0 0.1

F 95 68 0 414 267 843.8
AG 67 54 10 66 271 467.2
1986 216 210 20 545 665 1656

Note: WM= Water and marsagd, AG= Agricultural land, GL= Grass land, F= Eiré&SL= Shrubs
land.
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Table 5-5: Land cover (LC) corsien matrix (km) for the period 1986 and 2001

2001

Land cover

types GL SL WM F AG 1986
GL 61 6 23 27 99 65.7
SL 18 76 0 16 100 279.4

1986 WM 10 0 9 0 1 0.1

F 30 23 2 192 299 843.8
AG 29 43 11 43 538 467.2
2001 146 210 20 277 1039 1656

Note: WM= Water and mar&ayd, AG= Agricultural land, GL= Grass land, F=r&st, SL= Shrubs
land.

In the change detection analysis, it can be stdiatla comparatively significant variation in land
cover occurred between the years 1973 and 2001e Baéh and Table 5.5 demonstrate the kind of
land cover change, namely “from- to” informatiomtloccurred between 1973 -1986 and 1986 - 2001,
respectively.

As it is shown in Table 5.4, 267 krforest areas was converted into agriculture lamihd the period
1973-1986.The agriculture land was expanded althosé and half times in 1986. Similarly from the
total of forest cover in 1973, 414 krof it was conserved; 68 Knof it was converted into shrub land
and 95 km to grass land. On the other hand, 5lahgrass land, 60 kirshrubs land and 66 Knof
agriculture land was reforested during this period.

Between 1986 and 2001, the statistics providedhiet5.5 indicate that a total decrease of 268dm
forest was occurred; 30 Knof it was converted to grass land, 23%km shrubs land, and 2 Krto
water and marshy land. In contrast, 27°lgrass land, 16 kfrshrubs land, and 43 Kragricultural
land was gained as forest area in the catchment.

During the period 1973 to 2001(especially the presi government ‘derg’ regime) there was a
reforestation and afforestation programmes to pvesandigenous trees or forests and planting of
trees. Generally, during thé &nd 2° period of the study 131 Kng24.04% of the forest) and 87 Km
(31 % of the forest) respectively was afforestednigaof eucalyptus and conifers type of trees. By a
increase of population in the area there is alsmemeasing need to fire wood. As a consequenae als
the remaining forested areas became further urrdsspre and, in general, land cover changes in the
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forest area were quite significant. Consequenitlg,dlearing of forest and the increase in agricaltu
land has resulted to gully erosion in several pafrtbe catchment as shown in figure 5.7.

Figure 5-7: Gully erosion near Sekela town.

5.5. Hydrological response to land cover change

5.5.1. High flow and low flow analysis

Time series of stream flow for the Upper Gilgel Algbwvere analysed for the years 1973-2003 using
a statistical method. The method serves to assessat extent changes in observed stream flow
series can be observed. In stream flow frequen@ysis most often cumulative distributions and
probability of exceedence are used (Nancy, 200d).tlkis study the statistical significance of high
flow and low flow was evaluated using the probapibf exceedence. The basic procedure of the
analysis begins with a ranking of the most extremrents of the past. The stream flow data was sorted
in ascending order and then ranked. Each valueassigned a probability of exceedence, that is, the
probability that the given value would be equalleadxceeded in any given year.

Let [Xi] denote the observed values angXhe i" largest value in a sample, so thaty% X (1)< —
--< X ). Where FX refers to the frequency of observed valliee random variable;defined as

W=1- FX [Xg) (5.1)

corresponds to the exceedence probability assdciaieh the ' largest observation. Here we
analysed 30 years of daily discharge data of Gilgebay river. During this period substantial
changes in land cover occurred in the basin agitbesa Section (5.1) of land cover analysis.
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A 5 % exceedence probability represents a higi fleat has been exceeded only 5-percent of all
days of the flow record. Conversely, a 95-percentedence probability would characterize low-flow
conditions in a stream since 95 percent of allydaiean flows in the record are larger than that
amount. For this study, a 95% and 5% probabilityexdéeedence was chosen to represent the base
flow and peak flow respectively. The results obthrocedure are presented in figure 2.1 and 2.2.

Based on the available information on the land cafethe catchment, the stream flow data were
analysed based on the results of probability oleedance for the periods 1973-85 and 1986-2003
corresponding to 1973, 1986 and 2001 land covesmap
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Figure 5-8: The 95 % and 5 % exceedence of fleakand base flows between the years
1973-1985
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Figure 5-9: The 95 % and 5 % exceedence of peakdlnd base flow between the years 393803.

As from the 1970s, the linear trend in the higlwBdn figure 5.8 (@ indicates that the maximum of
stream flow increased towards the end of the y886 by a rate change of 0.901%sn This implied
there was a significant change of peak flows dutirgperiod of 1973-1985. On the other hand, the
trend in the low flow in @ shows the base flow was highest at the beginninbeoselected period
but it decreased by a rate of 0.052%snfior the time period till 1985.

By the objectives of this study it is here hypothed that the increase in surface runoff and high
flows can be explained by the increased area uagieculture. As discussed in section 5.3 and 5.4,
agriculture cover has increased by some 12% betd®@8 and 1985 at the expense of forest cover.
Over the same period and, presumably, as a refutdecreased subsurface flow, the base flow
decreased due to less storage of water.

During the second period (1986-2003), high flowlgsia shows the stream flow further increased by
the rate change of 0.762¥mwhere as in the low flow analysis the base flovitfer decreased by the
rate change of 0.0693fa. Similarly, the land cover change during thisgwas due to increased by
the expansion of the agriculture up to 23 % as shiovsection 5.2 and 5.3.

5.5.2. Change in seasonal stream flows

In order to analyze the changes in seasonal flawisiglthe period (1973-2003), the wettest months of
stream flow are taken as June, July and Augusttewthie driest stream flow are considered in the
months of January, February and March. During te¢ season, rainfall is at its peak, and a large
amount of the stream flow is generated from surfaceff. For the wettest months, flow records for
the period 1973-2003, in figure 2.1 show that ttreasn flow fluctuated between 50-70% of the
annual flow. The maximum and the minimum wet sedbmn recorded 70% in 2002 and 51% in
1978 respectively.
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Figure 5-10: The peak and base flow of Upper Gilgabay river during the period of wet season and
dry months (1973-2003).

At it is shown in figure 5.10 the stream flow ofetltatchment during the dry season fluctuated
between 0.5 % - 2.5 % of the annual flow. The maximmand the minimum of dry season flows
recorded are 2.5 % in 1977 and 0.8 % in 2003 reéisede In other word, the amount of stream flow
during the dry season indicates that it decreas®d f/ear to year, on the contrary the flows during
the wet season increased.

In relation to stream flow analysis, the analydisand cover change at section 5.1 indicated that t
expansion of agriculture in the catchment durirgggblected period (1973-2001) changed a decrease
of forest by 67.13%.

Empirical Studies have been conducted in diffengartts of the world to evaluate the effects of
changes in land cover on stream flow patterns.ystmda large river basin like Mara river, in Kenya,
Mutie (2005) introduced that due to decrease afdbcover and increase of agricultural and pasture
lands, the mean peak flow of the river increasedes as the period of the river flows at minimum
flow has increased during the dry season over #aesy According to Mumeka (1986) deforestation
and subsistence of agriculture have a significacteiased the amount of runoff from the catchments
after the change in the land cover. In their stirdgn upland watershed in Srilanka, Elkaduwa and
Sakthivadievel (1999) discovered that increasefasarrunoff generation and decreased base flow
was mainly caused by reduced infiltration when reltforest cover is converted to other land cover
like croplands. The crop land is not as effectigenaintaining high infiltration rates. A modelling
study of hare watershed, Southern Ethiopia, Ta(®987) reported that there was an increased river
flow for dry season and a decreased river flowsner season due to the replacement of naturaltfores
into farmland and settlements. In their recent wtudthe chemoga watershed, in Blue Nile basin,
Bewket and Sterk (2005) observed that large volafreurface runoff occurs during the storm events
since the area under forest cover decreased.
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On the other hand, the change detection approasédiion 4.1 shows that there was an afforestation
programme on different land cover of the catchmemirder to preserve further change on the forest,
and that mainly by eucalyptus plantation trees. yi@searches done in upper Blue Nile area reported
that the observed increased in the afforested diganot improve the hydrological balance in
watershed because most of the eucalyptus treetegdlane known to absorb a great amount of water.
According to Maidment (1993), eucalyptus and pippees cause an average change of 40mm in
annual flow for a 10% change in cover, with resptctgrasslands in a correlation of inverse
proportion. This means that a 10% increase indm@r causes a decrease of annual flow by 40mm
and vice versa.

Generally, hydrological investigation with respéatland cover change within upper Gilgel Abbay
catchment showed that the river flow regimes hdanged, with increases in peaks and reduction in
base flows throughout the selected period of study.

5.6. Hydrological modelling

5.6.1. Model calibration and validation

Calibrated parameters were adjusted manually tahrthte observed and simulated discharges. It has
been check that the calibrated parameter valuesvitihhen the acceptable ranges as specified in the
HBV manual. The optimal calibration parameters wigtd are presented in table 5-6.

Table 5-6: The calibrated parametepséhe Upper Gilgel Abbay

Parameters Description Range value

a Measure of non-linearity 05-1.1 1.1
to upper response of reservoir

B Exponent in equation for discharge 1-4 2.3
from zone of soil water.

FC Maximum soil moisture storage (mm) 100 — 1500 120

KHQ Recession coefficient for upper 0.005-0.2 0.2
response box

K4 Recession coefficient for lower 0.001-0.1 0.1
response box

LP Limit for potential evaporation <=1.0 0.85

PERC Percolation from upper to lower 0.01-6.0 0.5

response box (mm)
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Figure 5-11 shows that the shape of observed andithulated hydrograph have a good agreement in
terms of base flow, rising and recession limb, #mel peak flows. However, some peaks which
occurred mainly at the end of the wet season aderastimated. Most likely under estimation of peak
flows caused by 75 % of rain gauge stations aradautside or around the catchment area and this
might not represent well the areal pattern of diefall over the catchment.

The performance of the HBV model was objectivelwnlaated by two selected objective function
which are the Nash and Sutcliffe efficierayd the relative volume error. The two objectivection
values are 0.80 and -2.13 % respectively, thatesigga satisfactorily model performance during the
calibration period (2000-2003).
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Figure 5-11: The daily observed aintltated hydrograph of the Upper Gilgel Abbey dgrin
calibration period

The calibrated parameters were validated througim@ependent set of flow data during the
period of 2004 — 2005. The overall efficiency oé tmodel that is evaluated by Nash and
Sutclife (R) and the relative volume error (RVE) was 0.77 &rit? %, respectively during

the validation period. These values reveal thahtbedel results are satisfactory for this study.
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Figure 5-12: The daily observed and simulateddghph of the Upper Gilgel Abbay
during validation period

This is Body text style. Use this for the body text

5.6.2. Model response to land cover

The daily flow hydrographs that is simulated foe tthree time periods corresponding to the land
cover of 1973, 1986 and 2001 are shown in Figule.5fhe 2000 — 2003 meteorological forcing
served as an input to the HBV model. This allowsiging the effect of land cover on the model
response which is not affected by changes in theonglogical forcing.

Visual comparison is performed between the hydmygaof the three land cover periods and
comparison is based on the peak flow, recessiobslisnd base flows of the hydrograph. The
hydrograph of the year 2002 is considered as neéeréor comparison.
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Figure 5-13: Simulated hydrograph for differemeiperiods of land cover
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Figure 5-14: Simulated hydrograph selected fa y#ar from the above hydrographs.

In this case the starting of peak flows, peak flamd the recession limb in figure 5-14 are shown by
circle 1, circle 2 and circle 3, respectively. Dieich description of each part of the hydrograph is
given in the following paragraphs.

Starting of wet season:

The hydrograph at the start of the wet season,wisién June, is shown in figure 5-15. The figure

indicated that, for the same meteorological forcitng flow for the 2001 land cover was infiltrated

earliest and the steepest rising limb relativeht® flow of the 1986 and 1973 land cover. The land
cover of forest during the period of 2001 decrealsed’0 % than the 1973 which suggested that
deforestation causes the wet-season simulated tfiostart early. The 1986 land cover hydrograph
also started earlier than the 1973 land cover lgrdyh.
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Figure 5-15: The starting of pick flows due to diffnt period of land cover
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Peak flows:

Figure 5-16 indicated that peak flows, which ocouduly and August, rise earlier with steepestalop
and highest peak for the 2001 land cover to thahef1973 and 1986 land covers. The 1986 land
cover also produced somewhat higher peak flow thanl973 land cover. For the 2001 land cover,
much of the rainfall was converted to direct runeffiich caused maximum peak flow. On the
contrary, the hydrograph of 1973 land cover shdveslbwest peak flow since much of the rainfall
was lost due to evapotranspiration. Since the #rfygested area (51 %) of the 1973 land cover, it
generated the highest simulated evapotranspirditioimg the wet season while the 2001 land cover
figure generated the lowest with respect to itegbrover (17%) as shown in figure 5-17.
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Figure 5-16: Peakaffodue to different period of land cover

3.40

3
£
5 320
8
2
8 2.00 | 1973 Land cover
g )
g | 1986 Land cover
mw
2001 Land cover
2.80 ‘ ‘

1-Jul 11-Jul  21-Jul  31-Jul 10-Aug 20-Aug 30-Aug
Time (months)

Figure 5-17: Simulated hydrographs of evapotraasipin for the different period of
land covers

Recession of flows;

As shown in figure 5-18, the recession of the hgdaph starts at the beginning of October. The
simulated hydrograph indicated that, although ttitergnce is small, flows due to the 2001 land
cover receding slowly relative to that of the 128l 1973 land cover. This implies much of the water
was converted to a runoff rather than infiltratetanbase flows or evaporate. Since large areaeof th

50



HYDROLOGICAL RESPONSES TO LAND COVER CHANGES IN GILGEL ABBAY CATCHMENT, ETHIOPIA

1973 land cover of the catchment was covered ster much of the rainfall evaporates relatively to
1986 and 2001 land cover. More over, due to thgektrcoverage of forest for 1973 land cover, the
flow of water become retarded and it will recedaidly.
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Figure 5-18: Recession limbs due to different pbobland cover

Quantitatively, the model response to the land covas evaluated by comparing the annual, and
selected wettest and driest months’ flows. Theltasdicated that the mean annual flow for 2001
land cover was increased by 6.06 % than 1973 lamdrc Similarly, the 1986 land cover mean annual
flow was higher by 2.48% than the 1973 land covewf Figure 17 indicates that June, July and
August was selected as wet months flow for diffeggariod of land cover. For the three months, the
highest flow is simulated for the 2001 land coveor instance, the wet season, the simulated peak
flow for the 2001 land cover is increased by 5.27e¥ative to the simulated flow of the 1973 land
cover. The simulated actual eavpotranspirationttfier 2001 land cover has decreased by 4.31 %
relative to that of the 1973 land cover as showfigiare 5.19. In their modelling study of Ketar bbas
south central Ethiopia, Legesse et al. (2003) tepathat the conversion of forest to agriculturedia
cover resulted in increased runoff. Generally, flofvthe wettest months has increased with the
decrease in the forest cover of the catchment.
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Figure 5-19: The wettest season simulated flowdffferent periods of land cover

51



HYDROLOGICAL RESPONSES TO LAND COVER CHANGES IN GILGEL ABBAY CATCHMENT, ETHIOPIA

104.00
‘E 100.00
£
c
% 96.00 | 01973 Land cover
§ [0 1986 Land cover
E 92.00 - W 2001 Land cover
5]
o
S 88.00 |
L
84.00 x x

June July August

Time (month)
Figure 5-20: The wettest season simulated evagsgnaation for different periods of land cover.

For the flows of the driest season that are Janulalruary and March months are shown in figure
5.22. The figure shows that the lowest base flosuce in March. The base flow for the 2001 land
cover was highest relative to the base flow fort886 and 1973 land cover. It was increased by 2.74
% relative to that of the 1973 land cover. The elgdsult in response to land cover change during
the dry season is in contrast to the real situaitiothe catchment. The seasonal flow analysis (see
section 5.2) based on the observed time seriesdbta indicated that the stream flow was decreased
as a result of decreased contribution from the Hkse during the study period of dry season
corresponding to land cover changes (1973-2003).
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Figure 5-21: The driest season flondifferent period of land covers

5.6.3. Impact of land cover change scenario on stream flows

In order to investigate the sensitivity of the tgldgical response of the catchment to the changes i
the land cover in upper Gilgel Abbay river, two bipetical land cover scenarios were established
and the model was rerun using the same meteoralogiput used in the calibration and validation
periods. The first scenario was generated by chgntifie whole catchment land cover into field to
investigate the impact of deforestation (100 % reah@f all forest) on the runoff generation. The
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second scenario was used to investigate the effedénse forest on the hydrology response of the
catchment, and it was generated by changing théewdadchment in to a forest land cover.

Based on the two scenarios, the impact of foregércohange on mean annual, wet season and dry
season flow was analysed using HBV model undeis#ime meteorological and climatic series over
the period of 2000-2003. For instance, the peribgyear 2002 model is shown in figure 5.23 to
illustrate the model response to the effect of éxtseme scenarios of land cover change.
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Figure 5-22: simulated hydrograph (2002) for défgrtime period of land cover scenario
The analysis indicted that th& 4cenario, a completely removal of forest at thee@se of agriculture

land cover, the peak flow increased by 5.82 % dutire wet season (see figure 5.24) to that of the
second scenario, the whole catchment covered legtior
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Figure 5-23 Effect of forest cover change scenario during sestson
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Similarly, the result showed that 100 % deforestaincreased the mean annual flow rate in theeentir
simulated period of the model increased by 6.53%h@wn in figure 5.23.
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Figure 5-24: Effect of forest coverage scenariardudry season

On the other hand, the model simulated the basesfiacreased by 3.12 % during dry season (see

figure 5.25) for completely deforested land covethe catchment to that of fully covered by forest
land.

In general, in this study to investigate the resgoonf the hydrologic model to the forest cover
changes scenario during the dry season is likehgalistic. In accordance with the presented time
series observed flow data analysis (see sectigrebrifirmed that the base flow of the catchment was
decreased corresponding to the forest reducedgitirenwhole
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusion

In this study, satellite data and GIS were integgtavith a hydrological model to evaluate the impact
of land cover change in the upper Gilgel AbbeyrigéLake Tana basin. Use of Gls and remotely
sensed data were found to be helpful tools to teted analyse spatiotemporal land cover dynamics.
These techniques were applied to enable and ab#es land cover dynamic effects on the hydrology
of the basin. The impacts of land cover changetomam flow was analysed both statistically and
using the hydrological model, HBV. Based on thailtssobtained and their analyses, the following
conclusions are drawn:

» The analysis of the land cover classification ahdnge detection using integrated remote
sensing data and GIS technique over a period obymath in a spatially, quantitative way in
Upper Gilgel Abbay catchment revealed that there avaignificant and continuous change in
forest area as caused by (most prominently) ineredsgriculture activity in the catchment.
The result of the analysis was inferred that foceser of 51 % in the catchment decreased to
17 % and the expansion of agricultural land from9%8o 62% during the study period of
1973-2001.

» Changing in river flow was analysed using the obsgrtime series hydrological data
correspond to the land cover change period. Thdtrelsowed that an increasing trend of the
peak flow by a rate change of 0.901%svand 0.7621 #fs during the period of 1973-1985
and 1986-2003 respectively, and a decreasing toénthe base flow by the rate change of
0.0529 n¥s and 0.0693 is with respect to the their study period. Hencktaf measures
should be taken to sustain the water resource @amoatntain a balanced dry season stream
flow aimed at reducing the magnitudes of surfaggfiugeneration and increasing ground
water recharge in the watershed.

» The hydrological modelling result showed that th&\Hmodel simulated the runoff
satisfactorily. Performance of the model for batle tcalibration and validation catchment
were found to be reasonably good with Nash-Suéckfbefficients (B value 0.80 and 0.77
for the calibration and validation respectively.

» The result of model for different period of landveo (1973, 1986 and 2001) indicated that
the mean annual flow for 2001 land cover was irsedaby 6.06 % relative to that of 1973
land cover period while the peak flow for 2001daover was also increased by 5%7than
the 1973 land cover. On the contrary, the base ftov2001 land cover was increased by 2.01
% than the 1973 land cover. Similarly, the resudltnadel response for the land cover
scenario confirms that the annual flow and peakvflior completely deforested of the
catchment was increased by 6.53 % and 5.82 % ribgplgcrelative to that of 100 %
forested. The result of model response also shakadhe base flow for completely removed
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6.2.

forest was increased by 2.75 % relative to thdbrdsted the whole catchment. The base flow
results are contradicted our hypothetical and ¢ladistic situation of the catchment.

Recommendation

In view of the conclusions, the following suggestare made:

» For future detailed study of the land cover in da¢chment the overall accuracy and kappa

statistic of the classified image can be increalsgdtaking more ground control points
integrated with aerial photos which cover the whankea of the study.

This study enables to enhance for further studgréalict the impact land cover changes on
stream flows by developing different scenarios $ittion and optimization strategies that
provide valuable information to devise more effeetivatershed management in the area.

The performance of the model can be improved byemsing the number of rainfall and
discharge gauging station with in the catchment. f8o future similar the historical time

series land cover studies in the larger river lsafike Upper Blue Nile and other areas in
country it is recommended to use radar or othesllgetrainfall data integrated with the point
measurements on the ground.

Dry season flows are an important component fromaaagement perspective. There fore,
further work could be undertaken to asses the etincthe dry season flows of biasing the
calibration of the reference catchment towardsflows.
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ANNEX

A- Elevation and Vegetation Zone of the catchment

Land cover zone and area coverage of the catchimeach subbasin by 100 m elevation difference.
For the period of 2001 land cover

Subbasin 1
No Average Elevation m Land cover Area (Km”2) %
1 1975 Field 1.10 0.46
2 1975 Forest 0.72 0.30
3 2075 Field 15.03 6.27
4 2075 Forest 3.57 1.49
5 2175 Field 19.02 7.93
6 2175 Forest 7.57 3.15
7 2375 Field 19.47 8.12
8 2375 Forest 11.11 4.63
9 2275 Field 20.34 8.48
10 2275 Forest 9.58 3.99
11 2475 Field 21.64 9.02
12 2475 Forest 10.25 4.27
13 2575 Field 24.19 10.08
14 2575 Forest 8.93 3.72
15 2675 Field 18.29 7.62
16 2675 Forest 6.84 2.85
17 2775 Field 13.04 5.43
18 2775 Forest 4.79 2.00
19 2875 Field 7.65 3.19
20 2875 Forest 2.53 1.05
21 2975 Field 3.86 1.61
22 2975 Forest 1.52 0.63
23 3075 Field 1.73 0.72
24 3075 Forest 0.79 0.33
25 3175 Field 1.32 0.55
26 3175 Forest 0.52 0.22
27 3375 Field 1.56 0.65
28 3375 Forest 0.21 0.09
29 3275 Field 1.51 0.63
30 3275 Forest 0.42 0.18
31 3475 Field 0.77 0.32
32 3475 Forest 0.07 0.03
Subbasin 2
No Average Elevation m Land cover Area (Km”2) %
1 1975 Field 57.77 23.46
2 1975 Forest 8.48 3.44
3 1909.5 Field 1.75 0.71
4 1909.5 Forest 0.26 0.11
5 2075 Field 98.93 40.17
6 2075 Forest 9.69 3.93
7 2175 Field 25.98 10.55
8 2175 Forest 5.45 2.21
9 2275 Field 12.93 5.25
10 2275 Forest 3.56 1.45
11 2375 Field 10.14 4.12
12 2375 Forest 2.81 1.14
13 2475 Field 3.39 1.37
14 2475 Forest 1.85 0.75
15 2575 Field 1.91 0.78
16 2575 Forest 0.87 0.35
17 2675 Field 0.27 0.11
18 2675 Forest 0.19 0.08
19 2775 Field 0.04 0.02

61



HYDROLOGICAL RESPONSES TO LAND COVER CHANGES IN GILGEL ABBAY CATCHMENT, ETHIOPIA

Subbasin 3
No Average Elevation m Land cover Area (Km”2) %
1 1975 Field 18.9054 5.08
2 1975 Forest 1.863 0.50
3 2075 Field 41.0265 11.03
4 2075 Forest 4.9653 1.33
5 2175 Field 56.7162 15.24
6 2175 Forest 8.91 2.39
7 2275 Field 42.7113 11.48
8 2275 Forest 8.5779 2.31
9 2375 Field 89.1162 23.95
10 2375 Forest 6.6825 1.80
11 2475 Field 30.7881 8.27
12 2475 Forest 4.6413 1.25
13 2575 Field 32.724 8.79
14 2575 Forest 4.8762 1.31
15 2675 Field 12.8385 3.45
16 2675 Forest 2.997 0.81
17 2775 Field 1.944 0.52
18 2775 Forest 1.296 0.35
19 2875 Field 0.0243 0.01
20 2875 Forest 0.486 0.13
Subbasin 4
No Average Elevation m Land cover Area (Km”"2) %
1 2175 Field 70.6725 12.49
2 2175 Forest 11.4129 2.02
3 2075 Field 25.9362 4.58
4 2075 Forest 11.6478 2.06
5 2275 Field 90.7929 16.05
6 2275 Forest 17.3583 3.07
7 2375 Field 64.7028 11.44
8 2375 Forest 17.6904 3.13
9 2475 Field 65.1645 11.52
10 2475 Forest 15.8841 2.81
11 2575 Field 70.9803 12.55
12 2575 Forest 15.3981 2.72
13 2675 Field 47.0853 8.32
14 2675 Forest 11.4615 2.03
15 2775 Field 15.5844 2.75
16 2775 Forest 5.8563 1.04
17 2875 Field 4.8519 0.86
18 2875 Forest 1.7253 0.30
19 2975 Field 1.1178 0.20
20 2975 Forest 0.2673 0.05
21 3075 Field 0.1053 0.02
22 3075 Forest 0.0081 0.00
Subbasin 5
No Average Elevation m Land cover Area (sz) %
1 1975 Field 99.70 42.96
2 1975 Forest 10.88 4.69
3 1909.5 Field 5.43 2.34
4 1909.5 Forest 1.04 0.45
5 2075 Field 91.68 39.50
6 2075 Forest 8.55 3.68
7 2175 Field 13.73 5.92
8 2175 Forest 1.09 0.47
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For the period of 1986 land cover

Subbasin 1
No Average Elevation, m Land cover Area (Km”~2)
1 1975 Forest 0.42
2 1975 Field 1.40
3 2075 Forest 4.60
4 2075 Field 14.00
5 2175 Forest 13.96
6 2175 Field 12.62
7 2375 Forest 16.85
8 2375 Field 13.74
9 2275 Forest 16.28
10 2275 Field 13.64
11 2475 Forest 15.43
12 2475 Field 16.46
13 2575 Forest 14.15
14 2575 Field 18.63
15 2675 Forest 10.23
16 2675 Field 14.17
17 2775 Forest 6.88
18 2775 Field 10.51
19 2875 Forest 3.47
20 2875 Field 6.59
21 2975 Forest 2.07
22 2975 Field 3.16
23 3075 Forest 1.18
24 3075 Field 1.30
25 3175 Forest 0.88
26 3175 Field 0.96
27 3375 Forest 0.66
28 3375 Field 1.12
29 3275 Forest 0.84
30 3275 Field 1.09
31 3475 Forest 0.27
32 3475 Field 0.52
Subbasin 2
No Average Elevation, m  Land cover Area (Km”2)
1 1975 Forest 13.24
2 1975 Field 53.01
3 1909.5 Forest 0.60
4 1909.5 Field 1.40
5 2075 Forest 14.50
6 2075 Field 94.11
7 2175 Forest 9.91
8 2175 Field 21.52
9 2275 Forest 7.29
10 2275 Field 9.20
11 2375 Forest 5.97
12 2375 Field 6.98
13 2475 Forest 3.55
14 2475 Field 1.68
15 2575 Forest 1.52
16 2575 Field 1.26
17 2675 Forest 0.24
18 2675 Field 0.21
19 2775 Forest 0.02
20 2775 Field 0.02
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Subbasin 3
No Average Elevation, m _ Land cover Area (Km”2)
1 1975 Forest 4.4307
2 1975 Field 16.3377
3 2075 Forest 9.2907
4 2075 Field 36.7011
5 2175 Forest 18.1035
6 2175 Field 46.656
7 2275 Forest 16.8561
8 2275 Field 34.2711
9 2375 Forest 24.3405
10 2375 Field 70.7778
11 2475 Forest 10.4814
12 2475 Field 23.5872
13 2575 Forest 13.2354
14 2575 Field 23.8059
15 2675 Forest 6.2127
16 2675 Field 8.4726
17 2775 Forest 1.5552
18 2775 Field 1.215
19 2875 Forest 0.0729
20 2875 Field 0.0405
Subbasin 4
No Average Elevation, m  Land cover Area (Km”"2)
1 2175 Forest 26.8434
2 2175 Field 55.242
3 2075 Forest 9.9144
4 2075 Field 27.6696
5 2275 Forest 47.7252
6 2275 Field 60.426
7 2375 Forest 41.3829
8 2375 Field 41.0103
9 2475 Forest 36.3852
10 2475 Field 44.6634
11 2575 Forest 32.643
12 2575 Field 52.407
13 2675 Forest 21.9591
14 2675 Field 34.4088
15 2775 Forest 8.7723
16 2775 Field 10.9593
17 2875 Forest 2.6649
18 2875 Field 2.8512
19 2975 Forest 0.3888
20 2975 Field 0.486
21 3075 Forest 0.0567
22 3075 Field 0.0567
Subbasin 5
No Average Elevation, m  Land cover Area (Km”2)
1 1975 Forest 22.9878
2 1975 Field 87.5934
3 1909.5 Forest 1.3527
4 1909.5 Field 5.1192
5 2075 Forest 18.3546
6 2075 Field 80.7489
7 2175 Forest 2.1384
8 2175 Field 12.6846
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For the period of 1973 land cover

Subbasin 1
No Average Elevation, m Land cover Area (Km”"2)
1 1975 Field 1.37
2 1975 Forest 0.45
3 2075 Field 8.16
4 2075 Forest 10.45
5 2175 Field 5.60
6 2175 Forest 20.99
7 2275 Field 5.85
8 2275 Forest 24.07
9 2375 Field 22.48
10 2475 Forest 20.70
11 2375 Field 8.11
12 2475 Forest 11.19
13 2575 Field 19.11
14 2575 Forest 13.62
15 2675 Field 12.70
16 2675 Forest 11.57
17 2775 Field 8.42
18 2775 Forest 8.93
19 2875 Field 4.52
20 2875 Forest 5.52
21 2975 Field 2.52
22 2975 Forest 2.71
23 3075 Field 1.49
24 3075 Forest 1.00
25 3175 Field 1.24
26 3175 Forest 0.60
27 3375 Field 0.69
28 3375 Forest 1.09
29 3275 Field 1.38
30 3475 Forest 0.38
31 3475 Field 0.41
32 3375 Forest 0.55
Subbasin 2

No Average Elevation, m Land cover Area (Km”"2)

1 1975 Field 34.4088
2 1975 Forest 31.8411
3 1909.5 Field 0.5832
4 1909.5 Forest 1.4256
5 2075 Field 62.2809
6 2075 Forest 46.332
7 2175 Field 14.175
8 2175 Forest 17.2611
9 2275 Field 5.7591
10 2275 Forest 10.7325
11 2375 Forest 8.9424
12 2475 Forest 4.0743
13 2375 Field 4.0095
14 2475 Field 1.1583
15 2575 Forest 2.0007
16 2575 Field 0.7776
17 2675 Forest 0.3078
18 2675 Field 0.1539
19 2775 Field 0.0324
20 2775 Forest 0.0081
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Subbasin 3
No Average Elevation, m Land cover Area (Km”2)
1 1975 Field 14.7906
2 1975 Forest 5.9778
3 2075 Field 27.6534
4 2075 Forest 18.3384
5 2175 Field 36.9036
6 2175 Forest 27.8802
7 2275 Field 27.2565
8 2275 Forest 23.8626
9 2375 Forest 28.1961
10 2475 Forest 12.5793
11 2375 Field 66.8331
12 2475 Field 21.4812
13 2575 Forest 14.8554
14 2575 Field 22.1454
15 2675 Forest 7.2981
16 2675 Field 7.3791
17 2775 Field 1.0611
18 2775 Forest 1.7253
19 2875 Forest 0.0648
20 2875 Field 0.0324
Subbasin 4
No Average Elevation, m Land cover Area (Km”2)
1 2075 Field 19.1808
2 2075 Forest 18.4032
3 2175 Field 27.1674
4 2175 Forest 54.918
5 2275 Field 37.2843
6 2275 Forest 70.8669
7 2375 Forest 55.7523
8 2475 Forest 48.4218
9 2375 Field 26.6409
10 2475 Field 32.6268
11 2575 Forest 42.444
12 2575 Field 42.4926
13 2675 Forest 25.5717
14 2675 Field 30.537
15 2775 Field 9.9954
16 2775 Forest 9.558
17 2875 Forest 2.7864
18 2875 Field 2.6649
19 2975 Field 0.4131
20 2975 Forest 0.4536
21 3075 Forest 0.0486
22 3075 Field 0.0648
Subbasin 5
No Average Elevation, m Land cover Area (Km”2)
1 1975 Field 62.5482
2 1975 Forest 48.033
3 1909.5 Field 3.4668
4 1909.5 Forest 3.0051
5 2075 Field 56.4651
6 2075 Forest 42.606
7 2175 Field 7.3629
8 2175 Forest 7.4601
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B-General procedureto obtain relevant information from DEM

The procedure to obtain relevant hydrologin&dimation from SRTM DEM

Import SRTM in to ILWIS
Resample
Create Submap

v

Fill sink Fill sink map _F|0V-V
direction

Flow
accumulation
map

Flow

Flo
direction map W

accumulation

Variable ¢
threshold
computation Drainage
Network
extraction
Extracted
drainage network
Minimum drainage map

length

:

Drainage Network

ordering
[ v v
Drainage Network Drainage Network Drainage Network
polygon map raster map attribute table

‘S

Catchment
extraction
Use ogit:?tnl]oaca“on Extracted Legend
P P catchment map
{\ Process
Predefined
process
Use stream order

» Catchment merge

v

Shreve or strahler
order

Final raster map
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