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ABSTRACT

The Lake Tana sub basin is situated on the northwestern plateau of Ethiopia at the headwaters of
the Blue-Nile basin, west of the Afar depression. The drainage area of the lake is approximately
15,000 square kilometers, of which 3062 is the lake area. Topographic high surrounding the
basin forces the major River systems to drain toward Lake Tana. The altitude of the basin ranges
between 1765m to 3000 m a.m.s.l. The climate of the region is ‘tropical highland monsoon’ with
one rainy season between June and September. The rainfall data for 23 long-term records of
rainfall stations lying within or around the Tana sub Basin are used for the computation of
rainfall. The Tana sub Basin receives an average annual rainfall of 1329 mm. The air
temperature shows small seasonal changes with an annual average of 20°C. The major geological
formations that outcrops in Lake Tana sub-basin and its adjacent areas are Tertiary and
Quaternary volcanic rocks and alluvial along the major tributaries of the Lake Tana sub-basin.
Alluvial sediments have limited distribution within Lake Tana sub-basin dominant at the eastern
and northern side of the Lake. The understanding and knowledge of hydrology and
hydrogeologic systems is very crucial for every activities involving economic development in the
Lake Tana sub basin. Groundwater recharge is one of the most important factors governing the
sustainable yield of groundwater and surface water exploitation. The recharge estimation of the
Lake Tana sub basin was carried out based on the principle of base flow separation using HMS —
SMA for gauged catchments on daily bases. The hydrological and meteorological data used for
the period of 1992 to 2006. StatistiXL Multiple linear regression was used to estimate the runoff
for ungauged catchments. A level of significance of 0.05 was used for the forward and
backwards stepwise regressions. Climate and physical characteristics of the catchments were
used in multiple regression to predict the flow characteristics of ungauged catchments. The
amount of rainfall, topographic setting and geology are the main controlling factors of climate
and physical characteristics of the catchments. The groundwater contribution from gauged
catchments is about 161.17mm/yr or 12.1% of the total rainfall of the basin. The ungauged
catchments contribute a total of 28.18 mm/yr or 2.28% of the total rainfall of the basin.

viil



CHAPTER ONE

INTRODUCTION

1.1. Background

The Blue Nile drains a large area of the Ethiopian highlands and is the largest tributary of the
Nile River. The hydrology of the Blue Nile has received less attention in scientific literature in
contrast to the abundant information about the history of the White Nile sources (Livingstone,
1980). Lake Tana sub-basin is one of the richest water resources and high potential land for
agriculture and livestock development is located at the head water of this basin. The agricultural
activity and energy supply in the country is highly dependent on the rainy season. Now a day due
to climate changes in the world, the rainfall pattern retarded the increasing grows of agriculture,
water supply and hydroelectric power which are play a great role in the economic development
of the country. Wetlands, natural springs and surface waters are drying now a day. The alarming
increasing of population density, poor extensive cultivation, uncontrolled settlement in the basin
poses a problem on the natural ecosystems. Land use practices involving deforestation in any
farm causes a reduction in the infiltration capacity, and groundwater recharge, increases in
surface runoff and erosion, increase in evaporation from the soil and surface storages. These
problems are common in the region of heavy population growth. To overcome these problems
and for sustainable development, large funds are being invested in the Lake Tana sub basin for
the proper land use management and development of both surface and groundwater resources for
drinking, irrigation and hydroelectric power (Engida et.al, 2007). The irrigation project
conducted on the Ribb, Gummera and Koga, extensive investigation of groundwater resources
and hydroelectric power on the Tana — Beles are among the activities carried out in the sub basin.
The understanding and knowledge of hydrology and hydrogeologic systems is very crucial for
every activities involving economic development in the basin. Groundwater recharge is one of the
most important factors governing the sustainable yield of groundwater and surface water

exploitation.



The knowledge of the water utilization and system of managing the available water depends on
the understanding and controlling factors of the amount that enters and leaves the basin.

The amount of water that extracted from an aquifer and surface water without causing depletion
is primarily dependent upon the amount and rate of recharge. Quantification of the rate of natural
recharge is a basic pre-requisite for efficient ground water and surface water resource
management. It is particularly important in the sub-basin with large demands for ground water
and surface water supplies, where such resources are the key to economic development. Since
the basin is relevant for Ethiopia and North-eastern countries, it is highly beneficial to carry out

the recharge estimation in Lake Tana sub-basin continuously in the future.

1.2 Objective

General objective

Recharge estimation of the Tana sub basin is one of the key factors necessary for effective and
rational management of groundwater resources. Therefore, this study focuses on the recharge
estimation in the Tana sub basin.

Specific Objective

e Quantification of the recharge in the Tana sub basin
e To identify catchment characteristics that can be used for predicting flow

characteristics of ungauged catchments
1.3 Previous works

BCEOM (1998). The Abay River Basin Integrated Development Master Plan Project. This study
in its Climatology, Hydrology and Hydrogeology has valuable information regarding the
overall Abay basin. In its Hydrogeology part the study was conducted with the following
objectives. The assessment of the recharge is based on hydric balance which includes
rainfall, evapotranspiration, direct runoff and working hypothesis over the distribution of

the soil retention capacity. This hypothesis is cross checked through water table



fluctuation. The result obtained for Gilgel Abay, Koga, Ribb, Gummera and Megach was
305mm, 203mm, 35mm, and 90,55mm respectively.

Getachew ( 2008).Ground water contribution and Recharge estimation in the upper Blue
Nile flows .According to this study ground water recharge of the basin was estimated by
baseflow, rainfall-runoff simulation using BASF model and by a chemical balance
method(chloride as a tracer’s chemical species).

The results from chemical analysis. BASF model and baseflow separation using Eckhardt
(2005) model were selected to represent the natural groundwater recharge of the basin and

thus, the value was found vary between 70mm to 120mm per annum.

Kebede et al. (2006). Established the water balance of Lake Tana and its sensitivity to
fluctuations in rainfall (1960-1992) on monthly basis. In flow from the ungauged catchments is
estimated from a runoff coefficient (6¢=0.22). The inflow from ungauged catchments is estimated
to contribute less than 7% of the total inflow.

Kebede, et al. (2005). Groundwater recharge, Circulation and geochemical evolution in the
source region of the Blue Nile River, Ethiopia. This study uses Geochemical and environmental
isotopes to gain the first regional picture of groundwater recharge, circulation and its
hydrochemical evolution in the Upper Blue Nile basin of Ethiopia. According to their study two
major structurally deformed regions with distinct groundwater circulation and evolution history

were 1dentified.

SMEC (2007). Simulated water balance of the Lake Tana from the period 1960 to 1995 using a
simple monthly spreadsheet model. In flow from the ungauged catchment is estimated to be 1.41

times the inflow from five gauged catchments.

Wale (2008). The hydrological balance of Lake Tana Upper Blue Nile Basin. In this study the
Lake Tana hydrological system shows a gap with respect to major lake water balance
components where 48% of the catchment is ungauged. In this paper daily lake level is simulated
giving due emphasis on runoff from ungauged catchments using rainfall-runoff and spreadsheet
water balance model. Daily flows from ungauged catchment are estimated by transferring model
parameters of gauged catchments using semi-distributed conceptual model HBV. Calibrated

model parameters of gauged catchments with a relative volume error less than = 5% and Nash-
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Sutcliffe coefficient greater than 0.6 are transferred to ungauged catchments based on regional
model, spatial proximity and catchment area, the result of ungauged flow simulation indicates

that 42%, 47% and 46% of the inflow is coming from ungauged catchments respectively.
1.4 Research frame work

To quantify the spatial and temporal variability of the recharge, recharge estimation method need
to be selected in order to achieve the objectives using limited data sets available in the study
area. In attempt to meet the primary and the specific objectives mentioned above, an outline of
research process is illustrated in Figure 1.1. The data sets of climate, geomorphology, soil and

vegetation are necessary because they influence synthetically the processes of recharge.

Climate Geomorpholog Vegetation Soil

. !
I ] 7

Conceptual recharge model

y

Selection of recharge estimation

\ 4
Model Calibration

v

Recharge estimation

y

Spatial distribution of Recharge

Figure 1.1 Flow diagram for study of recharge estimation in the Tana Sub Basin



CHAPTER TWO

LOCALITY DESCRIPTION
2.1. Location and extent of the study area

The Lake Tana basin is situated on the northwestern plateau of Ethiopia at the headwaters of the
Blue-Nile basin, west of the Afar depression. The drainage area of the lake is approximately
15,000 square kilometers, of which 3062 is the lake area. The geographical location of the Tana
basin extends from 10° 57'N to 12° 47'N latitude and from 36°53'E to 38°15'E longitude. The
area is accessed through the Addis to Bahir Dar and Gonder asphalt paved road. There are many

all weather roads running through the basin.
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2.2. Topographic characteristics

The Tertiary and Quaternary volcanic eruption, together with erosion due to steep streams and
large Rivers play a major role for the present topographic setting of the area. Lake Tana was
formed primarily by recent volcanic activity which made a natural dam as it poured lava across
the valley outlet. The basin is perched on a topographic high. New data from digital elevation
modeling and satellite imagery analysis confirm the basin’s location at the junction of three
grabens: the Dengel Ber (buried), Gondar (exposed by erosion) and Debre Tabor (reactivated),
(J.Chorowicz et al, 1998). Around Lake Tana the topography is strongly controlled by faulting
and major lineaments. Topographic high surrounding the basin forces the major River systems to
drain toward Lake Tana. The altitude ranges between 1765m to 3000 m a.m.s.l. The eastern and
the southern margin of the basin are elevated above 2000 m. The surface geology of the basin is
characterized by the outcropping of Tertiary and Quaternary volcanic rocks. Mountain Choke
and Guna make a solid boundary in the South and East of the basin. The Chilga mountain ridge
and Gonder graben form the boundary in the West. The Gilgel Abay rises in elevated terrain that
occurs off the flanks of Mt Choke and flows across largely basaltic terrain into the Lake Tana.
Gummera is one of the main Rivers on the east side flowing to Lake Tana. It drains mountain
Guna and drops its load in the low land to the mouth of Lake Tana. Megach River drains
Northern highlands and flows toward Lake Tana. The River changed its course in kola Diba
village and deposited large sediment in the flat land. Ribb River drains highlands of Debre
Tabor and flows across the flat land from Woreta to Lake Tana. There are extensive flood plains
in the downstream ends of Ribb and Gumera River, which prone to long term flooding. The

slopes of the Basin are generally converged into Lake Tana.



2

3T00E 38°0'0"E
1 1

12°0'0" ¥+

11°0'0" N+

Legend

Elevation

P 2925 - 3900

1950 - 2925

P 975 - 1950
[ | Lake
_I_

—— Road
—— Lineament
—— Rivers

a0 18 ] 30 Kilometers
EE TN ® Town

F1270'0" IV

F11°0°07 IV

T T
3T00E 380'0E

Figure 2.2 Topographic setting of the study area.



2.3. Climate

The climate of the region is ‘tropical highland monsoon’ with one rainy season between June and
September. The air temperature shows small seasonal changes with an annual average of 20°C.
The seasonal distribution of rainfall is controlled by the northward and southward movement of
the inter-tropical convergence zone (ITCZ). Moist air masses are driven from the Atlantic and
Indian Oceans during summer (June—September). During the rest of the year the ITCZ shifts
southwards and dry conditions persists in the region between October and May. Generally, the

southern part of the Lake Tana basin is wetter than the western and the northern parts (Kebede

et.al., 20006).
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Figure 2.3 The box & whisker plot displays annual rainfall, and shows the mean for the data by

the horizontal line, the quantiles by the box, and the range by the vertical lines.
2.4. Drainage and Catchment characteristics

2.4.1. Drainage Pattern

The drainage pattern in the basin is mainly characterized by dendritic pattern and controlled by
structures. There are four major perennial rivers, which drain in to Lake Tana. Drainage density

(Dd) of the area is derived by dividing the total stream length within a catchment by the

8



catchment area, and is regarded as an important landscape characteristic .It is a measure of how

dissected a basin is, and it is expected that drainage density affects the transformation of rainfall

into runoff (REDDY, 2001). The drainages of the basin are generated by using GeoHMS ArcGIS

extension. The streams density is compared with topographical map of the study area.

The total stream length for each catchment is then estimated using standard routines available in

most GIS packages. . In general the central part of the basin has the lowest Dd values, while the

Northern Highland region has relatively the highest values.

Table 2.1 Characteristics of catchments.

Drainage Shape Elongation overland
Catchments Area(Km?2) density factor ratio Width(Km)  flow(Km)
Gauged Megach 492 0.2 3.0 0.6 12.7 2.1
Ungauged
Megach 315.3 0.3 7.2 0.4 6.6 1.7
Gauged
Gummera 1394 0.2 5.9 0.5 14.5 2.1
Ungauged
Gummera 127 0.2 5.3 0.5 4.8 2.8
Gauged Ribb 1592 0.3 5.8 0.5 14.6 1.7
Ungauged Ribb 418 0.2 5.2 0.5 9.0 2.3
Koga 301.55 0.3 5.6 0.5 7.3 2.0
Kility 698.36 0.2 4.2 0.5 12.9 2.2
Gauged Gilgel
Abay 1640 0.3 4.1 0.6 19.8 1.9
Ungauged Gilgel
Abay 1481 0.2 6.4 0.4 15.3 2.1
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Figure 2.4 Drainage systems in Lake Tana sub basin.

2.4.2. Slope

Slope is an important characteristic of a catchment as it gives an indication of the kinetic energy
available for water to move towards the basin outlet, and it has been found to be related to total
runoff and base flows (REDDY, 2001). The main purpose of the slope in this study is to

determine the amount of surface depression storage. Slope roughness causes friction between the
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ground and air passing over it and causes atmospheric turbulence that increases
evapotranspiration. Steep slopes promote the formation of runoff. Areas with steep slopes
generally have high altitudes and high rainfall, e.g. south and south east high land of the study
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Figure 2.5 slope map of the study area.
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2.5. Land Use and land cover

Land cover has been shown in several studies to affect flow characteristics. The amount of
evapotranspiration is also related to the percent vegetation cover, density, type, species, and spatial
composition and growth stage. The land use and land cover is one of the parameter used to initialize
the model to estimate recharge. The land use and land cover governs both flow characteristics and
evaporation condition of the model. Most of the Lake Tana Sub Basin is characterized by cropland
with scarce woodlands while only few limited areas of highlands are forested (less than 1% of
the basin). The major land cover types are cropland 45%, woody land 18% water body (20%),
Grass land (13%), and bare land (2%) Forest (1%), and urban and built 0.2 %,( Wale, 2008).
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Figure 2.6 Land cover and land use of Lake Tana sub basin (source: MoWR).
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Plate 2.1 Localized vegetation in the mountain areas.

2.6. Soils

Soil stores water in its pores before water recharges the aquifer system. Water stored in upper
layer evaporates directly; it stored in deeper layer is absorbed by vegetation root then transpires
to leaves and to be evaporated. The amount of evapotranspiration from soil is controlled by the
soil attribute such as soil texture, soil structure and soil moisture content because ability of soil
stores water and transports water is different for every soil. Deeper soil has a larger soil moisture
reserve than thinner soil, which can supply more water to evaporate. Therefore, soils of the same
hydrologic conditions are grouped together for the purpose of the model simulation. Soils in
most of the Lake Tana Sub Basin are derived from weathered basalt profile and are highly
variable. In low lying areas particularly north and east of Lake Tana and along part of Gilgel

Abay, soils have been developed on alluvial sediment (SMEC, 2007).
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Table 2.2 Soil properties of Tana sub Basin (SMEC, 2007).

Major Soil Group Soil Texture Drainage condition Infiltration Category
Eutric Luvisols s Silty clay Moderately well drained B
Eutric Leptosols Clay loam to clay Moderately deep to deep C
Fluvisols Clay to silty clay Well drained B
Haplic Nitisols Silty clay to clay Well drained B
Eutric Vertisols clay Poorly drained D

01,/01./2002

Plate 2.2 Agricultural land around Woreta.
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Figure 2.7 Soil map of the of Lake Tana sub basin (source: MoWR).

2.7. Regional Geology

The Ethiopian volcanic province is composed of tertiary (Trap series) and quaternary (Aden
series) basaltic succession with thicknesses varying from 700 to 2000 at the plateau-rift margins
and about 300000 km3 size (Mohr, 1988). The volcanic province is sub divided into three major
geographical and geomorphological parts: the Ethiopian plateaus (northwestern, southwestern
and southeastern), the Main Ethiopian Rift (MER) and the Afar Rift (Kazmin, 1979). Although
the post-rift volcanism has been concentrated mainly along the axis of MER, it also occurred in
the Tana graben (Kazmin, 1972) and along the Yere-Tulu Wellel volcano-tectonic lineaments

between northwestern and southwestern plateaus (Abebe et al., 1998).
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The Blue Nile basin is situated in the Northwestern Ethiopian plateau. The basin contains
approximately 1400m thick section of Mesozoic Sedimentary rocks unconformably overlying
Neoroproterozoic basement rocks and unconformably overlain by Early-Late Oligocene and
quaternary volcanic rocks. The Cenozoic is characterized by extensive faulting accompanied by
widespread volcanic activity and uplift. Several shield volcanoes, also consisting of alkali basalts
and fragmental material, cover the center and the upper part of the Blue Nile basin. Over two

third of the upper Blue Nile is covered by Cenozoic basalts and ashes (kebede et al., 2006).

The geology of Lake Tana Basin comprises a basement of Precambrian bedrock, overlain by
Mesozoic sediments, Tertiary volcanics and minor sediments, Quaternary volcanics and recent
alluvial sediments (SMEC, 2007). Ongoing tectonic activities has controlled the distribution of

the rock formation and controlled the current configuration of the basin.

The basement rocks in the Tana Basin comprise Precambrian metamorphic and granitic rocks
which occur in the sub-surface of the basin. They are overlain by extensive deposits of
Sedimentary rock that do not outcrop in the Tana Basin, but are observed in the Blue Nile gorge
to the southeast. The areas surrounding Lake Tana are made up of tertiary basalts and much of
south of Lake Tana areas covered by Quaternary volcanics, which overlie the older tertiary
volcanics (SMEC, 2007).The thickness of sediments overlying the Precambrian basement and
underlain 0-250 m thick continental flood basalts averages 1.5-2 km, which is comparable to the

Blue Nile Stratigraphic section, south of the area (Engida et al., 2007).

~01/03/2002

Plate 2.3 Quaternary volcanic rocks near Lake Tana.
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2.8. Hydrogeology

The major geological formations that outcrops in Lake Tana sub-basin and its adjacent areas are
Tertiary and Quaternary volcanic rocks and alluvial along the major tributaries of the Lake sub-
basin. Alluvial sediments have limited distribution within Lake Tana sub-basin dominantly at the
eastern and northern side of the Lake. The thickness reaches more than 50m. The grain size of
the sediment becomes coarser away the Lake. The static water level is very shallow in most areas
less than one meter. Bore hole drilled (depth 53m) for Woreta town showed significant discharge
with relatively low drawdown (Q = 7 1/s, drawdown =4 m) (Engida, 2007). Quaternary volcanic
rocks are distributed at the southern part of the Lake basin, which has wide distribution to south
beyond the Lake basin. The volcanic rock is vesicular basalt of plain topography with very low
drainage network, indicating that this formation is highly pervious. Gilgel Abay River, where
almost all its watershed is found in this formation has a very big base flow. In general the static
water is very shallow in this formation, which is manifested by a large number of springs that
emerges from this formation. The static water level becomes shallower towards the Lake and the
springs discharge increases and even forms big swampy area near the Lake shore. The recharge
estimation based on base flow separation showed that about 20% of the rainfall infiltrates to this
formation (BCEOM, 1997). Big springs (Arek and Lomi), currently water supply source of Bahir
Dar town discharge more than 200 I/s emerge from this formation. If the thickness of the
formation is more than hundred of meters, then there could be a large stored groundwater in the
vesicular basalt due its high porosity. Tertiary scoraceous basalt (Tarmaber basalt) is widely
distributed in the Lake Sub-basin and adjacent areas. At the southern part of the Lake basin it is
overlain by the quaternary basalt and it has also wide distribution along the Choke mountain
plateau. Its thickness increases from the south in the north direction with a probable maximum
thickness in Gilgel river basin. Although, there are not deep bore holes drilled in this formation
where it outcrops, the groundwater could be relatively deep as compared to the quaternary basalt.
The yield of the boreholes drilled in to this rock varies between 5.59 /s and 9.9 1/s. The bore
holes data at Dangla shows that this formation has high discharge 251/s with a drawdown of
12.5m (CES and Tropics, 2003).
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Figure 2.8 Geological and Hydrogeological map of Lake Tana sub basin Source: (Bayisa, 2003)
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Figure 2.9 Conceptual geological cross section of Lake Tana Sub basin from W — E.
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CHAPTER THREE

METHODOLOGY AND APROACH OF THE STUDY

The approach to the recharge estimation of the Lake Tana sub-basin is carried out by dividing the
time table in to office, field and post field works. HEC- HMS is the major tool used to estimate
the recharge of the basin. For the purpose of modelling, it is required that the entire basin be divided
into discrete catchments. ArcGIS and its extension GeoHMS are used to generate the Lake basin,
major catchments and the catchments characteristics such as slope, area, and stream length.
StatistiXL Multiple linear regression was used to estimate the runoff for ungauged catchments. A

level of significance of 0.05 was used for the forward and backwards stepwise regressions.
3.1. Desk study

The desk study involved review of all relevant available information, including:
e [JA literature review of previous studies of the Tana Lake sub basin (including
hydrogeological maps, geological maps, recharge and other data).

e Model selection of the Tana Lake sub basin
3.1.1. Data collection

Daily climate data, including precipitation, relative humidity, sunshine hours, temperature and
wind speed are obtained from National Meteorological Agency (NMA) and Bahir Dar
meteorological stations. The stream flow for the year 1990- 2006, and land cover/ land use are
collected from Ministry of Water Resources (MoWR). Geological map and hydrogeological map
of Northern Ethiopia is accessed from Geological Survey of Ethiopia (GSE).

3.1.2. Data analysis of Rainfall and runoff

The calibration of a rainfall runoff model is most sensitive to the rainfall data.
If the volume of rainfall is incorrect or the rain days are not representative of the peaks in flow

then calibration may be difficult with very poor results.

19



Catchment average rainfall and selection of appropriate rainfall sites are things that need to be
considered in the preparation of rainfall data. The catchment average rainfall can be estimated by
Thiessen polygon method. The selection of rainfall sites are based on proximity to the catchment,
correlation with flow peaks, the number of sites used and difference in average annual rainfall as
compared to the catchment average annual rainfall.

The coefficient of variation (CV) for monthly average rainfall, calculated for the Bahir Dar,
Dangila, Sekela, Enjebara, Gonder and Debre Tabor is compared in figure 3.1. The coefficient of
variation (CV) from June to September for all rainfall sites is similar. There is a fluctuation of
coefficient of variation for the rest of the months. These aspects suggest that the spatial
distribution for rainfall in each site is homogeneous during rainy season from June to September.
On the other hand, during the dry season it is very heterogeneous.

cv
N

Month
e Bahir Dar Gonder D/Tabor
Dangila «essee- sekela = = Enjibara

Figure 3.1 Coefficient of variation (CV) for monthly average rainfall in selected stations.

If the difference in average annual rainfall is great (e.g. more than 20%) then the rainfall process
for the catchment and selected site are probably quite different and this is not a good station to
use (Geoff Podger, 2004). The relation of rainfall and runoff from individual station and a
number of stations is assessed in order to select appropriate daily data for the calibration of the

model. A good method for assessing how well a rainfall station represents the flow from the
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catchment is to plot the rainfall and flow on similar scales. The rainfall peaks can then be
checked against the flow peaks to see if the size of peaks correlates with the amount of rainfall
and that the peaks occur at about the same period or after certain time. The monthly rainfall and
flow are relatively correlated and the size of the peaks occurred at the same months. The daily
rainfall and flow correlation is quiet difficult. The relation is highly dependent on the location
and distribution of raingauge stations in the catchments. The location of river gauging at Ribb
and Gummera is not appropriate. The site is frequently affected by flooding. As the figure 3.1
shows, the Ribb River gauging station is highly affected by flooding. The flow at this station is
both underestimated and overestimated due to flooding effect. The hydrograph of the stations
show some irregularities. Gonder station represents the daily peak flow and rainfall on the daily
time steps. The location of the Dangila station is far from Gauged catchments of Gilgel Abay by
4 Kms. The Dangila rainfall station is the only gauging recording all elements of climate in the
upstream of Gilgel Abay. The Gummera and Ribb catchments have not daily recording station.
The Debre Tabor station is relatively closes to the catchments, but the rainfall-runoff evaluation
on daily base has some difficulties. The relation of peaks flow and rainfall duration has a time
lag between them. Overall, both raingauge and river gauging stations are located along the
highway. The reliability of these stations on the water resource evaluation and management is

challenging and considers great attention during data collection and analysis.
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Figure 3.2 Hydrograph at Ribb station for the period 1993 — 1996.
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3.1.3 .DEM processing and catchment Generation

The digital elevation model (DEM) is processed by 3 DEM and Arc Hydro tools to fill the
gap.The processed DEM is further optimized by HEC GeoHMS to generate drainage area,
drainage line, stream length, longest flow length, slope,etc.The generated data are used as the
base map for HEC — HMS and used to generate initial parameters of HMS — SMA. The basin is

further classified in to small subbasins to utilize by HMS to run rainfall runoff model.
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Figure 3.3 Physical descriptions of catchments in Lake Tana sub basin generated by HEC-
GeoHMS (A). Megach, (B). Ribb.
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Figure 3.4 Physical descriptions of catchments in Lake Tana sub basin generated by HEC-
GeoHMS (C). Gilgel Abay,(D). Gummera.

3.2. Field Works

A field survey was conducted to collect ground truth data and to have a general understanding of
the study area. The topographic setting, Regional geology, land cover/ land use, location of

raingauge and stream flow are accessed during field season.
3.3. Model Description

Soil Moisture Accounting

The model simulates the movement of water through and storage of water on vegetation, on the

soil surface, in the soil profile, and in groundwater layers. Given precipitation and potential
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evapotranspiration (PET), the model computes basin surface runoff, groundwater flow, losses

due to evapotranspiration, and deep percolation over the entire basin.

The soil moisture accounting loss rate method uses five layers to represent vertical water
movement in the watershed. Precipitation first falls into the canopy layer. The canopy layer must
fill and then any additional precipitation overflows to the surface layer. The surface layer begins
to fill and immediately starts infiltrating to the soil. Once the surface layer is full, continuing
precipitation in excess of the infiltration rate will become excess precipitation and be routed by
the transform. Water in the soil layer can percolate into the groundwater layers, but only from the
upper zone section of the soil. Evapotranspiration, or plant water use, first empties the water in
canopy storage. Once the canopy storage is empty, water will be removed from the surface layer.
After the surface layer is empty, evapotranspiration will remove water from the both zones in the

soil layer. Evapotranspiration cannot remove water from the groundwater layers.
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Figure 3.5 Conceptual schematic of the continuous soil moisture accounting algorithm (Bennett, 1998).
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CHAPTER FOUR

HYDROMETROLOGY AND HYDROLOGY

4.1. Precipitation

The spatial and temporal variation of rainfall in Ethiopia is controlled by the movement of the
position of the Inter Tropical Convergence Zone, ITCZ (Tenalem and Tamiru, 2001). The
climate in the study area is largely influenced by westerlies air from Atlantic Ocean and minor
rain is influenced by air movement from Indian Ocean. The rainfall data for 23 long-term records
of rainfall stations lying within or around the Tana sub Basin are used for the computation of
rainfall. The four rainfall stations in the sub basin are considered for the estimation of potential
evapotranspiration and runoff. They record all principal components of climate. The Lake Tana
sub Basin receives an average annual rainfall of 1329 mm. The annual rainfall in the study area
is range from 900mm to 2346mm. Rain falls in a single rainy season mostly from June to
September and receives minor rain from April to May. The figure 4.1 shows the temporal
variation of rainfall in the study area. The dry season ranges from October to February. The
maximum mean monthly rainfall is observed in the July month having a value of 364.5mm and
minimum rainfall is recorded in the January. Within the study area, the distribution of rainfall
varies locally, where there is higher amount of rainfalls in the South and Southeast mountainous
side and relatively low rainfall in the northern and western part, which indicates that

precipitation increases with altitude.
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Figure 4.2.Variation of rainfall in the basin for the period of (1992 — 2006).

The rainfall in the Tana Sub basin is erratic both in spatial and temporal. From the figure there is
the increasing trend of rainfall for Bahir Dar, and constant rainfall for the Gonder station. In all
stations year 1995, 1998 and 2002 show the low amount of rainfall. The rainfall shows increase

from 1235mm to 1618mm for the year 2002 to 2006.
4.2. Arial Depth of precipitation

Since most hydrological problems require a knowledge of the average depth of rainfall over a
significant area such as a river basin, some procedure must be used to connect the rainfall
measured, at individual rain gauges to the areal average, (REDDY, 2001).However, the
availability of class 1 rain gauge is limited in the study area, the distribution of rain gauges
station based on the World Meteorological Organization norm is fair. Thiessen method is the
appropriate method to evaluate the average areal distribution of rainfall in the area affected by
topography. To compute the areal distribution of the Lake Tana Sub Basin, 23 meteorological
stations are used. The stations in and around the Sub Basin are included. The areal depth of

precipitation estimated is, 1329mm for Thiessen polygon.
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Table 4.1 Meteorological stations in and around the Lake Tana Sub Basin.

stations Easting Northing Precipitation

Adis Zemen 377034 1339957 1068
Aykel 288107 1385819 1175
Debre Tabor 392163 1310040 1494
Delgi 285688 1352646 809
Infranz 356388 1346686 971
Gonder 328336 1387763 1081
Bahir Dar 327729 1282685 1416
DeKI Istefanos 311575 1315964 1676.57
Dangila 265059 1245367 1557.67
Enjebara 270512 1213353 2266
Sekala 305053 1216952 1566
Zege 316783 1292357 1605
Woreta 357993 1318144 1236.7
Merawi 298085 1263464 1572.3
Kunzila 285329 1313299 1126.8
Gorgra 314919 1353457 1107.4
Maksagnt 347821 1371441 1144.241
Tlili 281496 1200567 1942.4
Finoteselam 292446 1181578 1034.7
Mota 376442 1226519 1144.6
Dembech 332556 1169129 1311.1
Gimbet 251113 1228418 1898.4
Tis Abay 322850 1270195 1144.8
Fasiledes 348591 1241289 1258.9
Adet 333822 1246985 1272.4
Nifasmewcha 442272 1297413 1104.9

4.1.2. Thiessen Polygon Method

Thiessen polygon method attempts to make allowance for irregularities in gauge locations by
weighting the record of each gauge in proportion to the area which is closer to that gauge than to
any other gauge. However, this method does not make any allowance for orographic influences

in the basin; it gives appropriate depth of rainfall in the basin. The average depth of rainfall is

A1P1+ A2P2 +...AnPn
Al+ A42....An

Computed using the following formula: P=
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Where Py, P, .P, are the rainfall recorded at rain gauge stations with A1, A, .A,as the polygon

areas. The average depth of rainfall computed using Thiessen method is about 1329mm, which is

appropriate value for the basin (Annex -1).
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Figure 4.3 Spatial distribution of rainfall.

4.2. Temperature

The air temperature shows small seasonal changes with an annual average of 20°C. The average

temperature ranges from 15°C to 20°C. The figure 4.4 confirms the seasonal variation of

temperature is more or less constant through the year. The mean temperature recorded in the

major stations is relatively similar. The highest mean temperature is recorded in the Gonder

station and minimum temperature is recorded in the Debre Tabor station. The hot months occur

in December, January and February. Temperature in August and July is relatively low.

Temperature is high in the Northern and Western part of the sub basin, whereas low temperature
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is observed in the South and South East of the study area. Temperature is usually the most

important factor to the evapotranspiration. The evaporation will continue to increase at an increased

rate as the temperature rises as long as there is water to evaporate.
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Figure 4.4 Average monthly temperatures, potential evapotranspiration and rainfall for Gonder,

Debre Tabor, Dangila and Bahir Dar stations.
4.3. Sunshine hours

Sunshine hour is one of the climates that affects the rate of evaporation. The maximum sun shine
hour is recorded in the Bahir Dar station. The minimum sunshine hour is observed in the Debre
Tabor station. The sunshine hour decreases from May to August and rise from September to

January.

Table 4.2: Mean monthly sunshine hours (hr/day) of the area.

No. station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1.00 Dangila 91 90 82 82 7.7 61 41 42 63 66 84 882
2.00 BahirDar 98 9.7 923 916 84 69 48 48 7.0 83 93 982
3.00 Gonder 94 89 84 73 72 5