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Abstract

The Ribb Reservoir is located East of Lake Tan@mmhara regional state 23km from Debre

Tabor town in the North West part of Ethiopia. Téeographical location of the reservoir at

outlet is 12° 02" 30"N 37° 59’ 45"E. The catchmentluding the reservoir covers a total area of
668knf. Ribb reservoir is located in semi- arid regionl anffers from water scarcity and due to

this reason proper management for optimum use efatfailable fresh water resources is very
crucial. The objective of this work is to assess #vailable water resources as it is the most
important step towards proper management.

In this study, the components of water balance hheeefore been assessed using a reservoir
water balance method for the period 1997 to 2006.

For the case of runoff assessment per land covigrthe catchment area has been classified into
five land cover units (bareland, crops, forestssgl@and and water) using Landsat images. The
mean annual runoff from the catchment was estimafezl5 Mn¥. Runoff and rainfall are the
two components constituting the total inflow to thmeservoir. Irrigation water demand,
evaporation and environmental flow are the outftmmponents of the reservoir.

Evaporation for open water is determined by Penowmmbination equation and precipitation is
interpolated by inverse distance and Thiessen palygeighting. Change in storage was
calculated by determining all components of themesir. Catchment extraction was established
from ASTER image elevation data and the catchnmgedivided in to three subbasins.

The HBV-96 model was applied to simulate the runéffm Ribb River using daily
hydrometeorological data. The Nash-Sutcliff effizig between observed and simulated of
calibration and validation of the model shows tRat= 0.8 for calibration and &= 0.81 for
validation.

The storage capacity of the reservoir was estimagig ILWIS software through, trapezoidal
and prismodal methods. Irrigation water demand waSmated by using CROPWAT for
windows and environmental flow was determined mglkberm monthly average flow of the river.
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WATER BALANCE MODELLING FOR RESERVOIR PLANNING IN RIBB CATCHMENT

1. Introduction

Optimum and efficient use of scarce fresh wateousses is becoming a prime concern these
days as the disparity between the demands by emeedsing population to these precious
resources is widening at an alarming rate. In and semi-arid areas recurrent drought and water
shortage are common phenomenon. Thus, the conopetitier these resources is pronounced and
sometimes leads to conflict among different uskrsiiew of this an in-depth understanding of
the hydrological behaviours of the catchment isegeary in the sense that it is an important step
towards management of the water resources (Cheekoivhen, 2005). One way to acquire a
better understanding is to use water balance ningell

Ribb catchment is one of the agricultural areashef country. However, this potential area is

under threat. The ever-increasing devastation efrthtural vegetation, the steep slopes, and
traditional land management practices, poorly ashpd land conservation under the prevailing

conditions, have resulted in dramatic soil erosiothe area.

In the past hundred years, the global populatianttipled while demand for water has increased
seven-fold (WWAP, 2003). The population in the aseaxpected to be triple over the next fifty
years. This will place enormous additional pressuréhe land base in the highlands, where it is
already fully utilized. Indeed, it is clear thatethand as a whole cannot possibly absorb the
expected population, and alternate means of ligelilhmust be created.

Lake Tana's shore is characterized by flat lowgyiend with poor drainage conditions. In these
low-lying lands, the rivers have inadequate floagrging capacity due to mild slope and shallow
cross-sections caused by sediment deposition irritleebed. Surface inflows overtopping the
riverbanks, direct rainfall on the area, poor dedirsoil and Lake Tana backwater effect also
contribute to flooding in the area. This has evampered the development of rainfed crops
during the main season.

The introduction of irrigation will make farmerselemore secure about their basic food supply
and enable them to diversify their crops basedocallmarket demand and export opportunities.
The land and water resources in the area are mf@birrigation development. Experience from

small-scale irrigation schemes has demonstratedatihange of crops could be grown profitably
during the dry season, without affecting the praidunc of staple food crops during the rainy

season.

To enhance the economic viability of investmentiinastructure, it is important that irrigation
developments focus on achievement of the beneéiteribed above. The proposed reservoir
allows development of tens of thousands of hectaf@sigated agriculture, thereby generating a
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demand for agricultural support services, and eilable farmers to fully benefit from more
reliable access to sources of water.

Reservoir management involves allocating availalskter among multiple uses and users,
minimizing the risks of water shortages and flogdamd optimizing the beneficial use of water.
Irrigation demands from a reservoir, which are geltye computed by using the design cropping
pattern and average rainfall conditions, may vassrdhe years depending on the actual cropping
pattern and meteorological conditions (Goel et2007). Optimization of irrigation systems for
existing areas and improvement in water resourtmcations by appropriate multi-cropping
patterns and irrigation scheduling are the bespamse to reduce water deficits and to use
available water. Irrigation scheduling deals wittotbasic questions: where and how much to
irrigate. Because of an ever-increasing demandrigation water and the unreliability of stream
flow in arid and semi-arid regions, performanceleaton of reservoir operation is important and
particularly difficult. The most important aspedtaperations is the release of the right quantity
of water at the right time to irrigation areas thigve greater benefits.

1.1. Problem Statement

Regarding the water resources management, thameresasing water utilization along the lower

Nile valley straining the limited freshwater resoes of the basin. Similarly, there is an increasing
demand for irrigation and hydropower developmertthiopia and the country is experiencing a
number of problems such as rapid population grovthited water resources, environmental

degradation and poverty. Also it has to cope wéburrent droughts and increase agricultural
production to balance with increasing populatioelfEde et al., 2006).

Ribb is one of the catchments of Lake Tana basiatéd in the eastern part of the basin that is
affected by annual flooding. This flood affects abitants by flooding agricultural lands during
the wet season and the flood indicated that thé Riter is flowing bank full at the bridge, while
upstream the river was overflowing at the confleendth the Sheni river. This flood water
discharged into the Fogera plain. Overflow is cduserainy seasons due to the rain falling
upstream in the catchment in combination with thstction of the bridge. However, it is likely
that the Ribb river also spills upstream of the gyag site and this spill drains via the road
culverts towards the flood plain. Controlling tHedd and managing the incoming water is a
crucial issue, as there is a continuously growiegnand for water for various purposes during the
year.

1.2. General Objective

To quantify water balance components of the Rilslemeir for flood protection and irrigation by
using water balance modelling
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Specific objectives

* To asses the rainfall-runoff relation of the catetmin

» To identify possible water demands of the reservoir
* To define the required storage capacity of thervese

1.3. Research Questions

* What are the water balance components at the @sémbe established?
e Could reservoir building reduce downstream floodim§ogera flood plain?
*  What maximum and minimum storage volume of resefngaiequired?

1.4. Methodology

The study is carried out in three main stages, #rey

Pre-field work

This involves problem definition, literature revigwdentifying data required for modelling,
collection of available data from ITC data base acduiring necessary images from various
sources.

Field work

This involves collection of hydrological and metelogical data from concerned offices and
collection of observed data.

Post-field work

This involves arranging and preparing data forrtteelel processing and analyzing, water balance
model development, writing thesis work and prepanator presentation. Figure 1-1 shows a
flow chart of the methodology adopted for this work
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1.5. Literature Review

Uncertainties in water balance estimates

The water balance estimates of a catchment or ervas involves different parameters and

variables recorded in hydrometeorological stati@msl some times obtained from model

calibrations. Human or instrumental errors are eiased with such estimates. A comprehensive
analysis with regard to uncertainties in estimatthg water balance of lakes (reservoirs) is
presented by Winter (1981). Forexample, estimafegrecipitation can have a wide range of

error, depending on the gage placement, gage spamml areal averaging technique. Errors in
measurement of individual storms can be as higlbgsercent. Errors in short term averages are
commonly in the 15-30 percent range, but decreaabaut 5 percent or less for annual estimates.
Errors in estimates of evaporation can also vargelyi depending on instrumentation and

methodology. The energy budget is the most accumatinod of calculating evaporation; errors

are in the 10-15 percent range. Clearly these ®ratso propagate with the modeling of the

rainfall-runoff relationship.

Effect of land use change on hydrology

Land use changes that could have an effect on aeemr increase of the quantity of water input
to the Ribb reservoir is selected from Maidmengpanded description Maidment (1993).

In the same source impacts of Urbanization on stwwater runoff are discussed and commonly
urbanization increases surface storm runoff andifiesdits quality. As land urbanizes, it is
covered by impervious surfaces such as paved rpadsng lots and roofs which prevent rainfall
or snowmelt from infiltrating into the ground.

A change in land use is likely to alter the avallgbof water at the evaporating surface through
changes in:

¢ The surface area of free water surfaces in streamisakes(reservoirs)

e The availability of soil water to plants (for exalmpwhen short-rooted agricultural crops
replace deep-rooted trees, the availability of wat#l be reduced in dry periods or when
drainage reduces soil moisture content in the mgatbne)

« Replacement of crops with different total leaf apsa unit ground area (leaf area index,
LAI), different stomatal resistance, and differestbmatal responses to soil water and
atmospheric humidity deficits.

A model for predicting the effects of a land-usarme should have:

* Input data requirements which can be satisfied

« Arange of application which covers the problermbeionsidered

« Sufficient complexity to give the required predicti accuracy- uses the simplest model
which will give a sufficiently accurate result (Manent, 1993).
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1.5.1. The Hydrologic Cycle

As indicated in most of hydrology literatures thetnuous movement of all forms of water on
the earth is called hydrologic cycle. This includgesdensation of vapour in the atmosphere that
gives rise to precipitation. Precipitation parthtdrcepts by vegetation and partly reaches the
surface. Evaporation takes place from the intesmbptater by vegetation and from the surface
storage. Water also flows through streams and rkz@s and reservoirs from where evaporation
and seepage to groundwater occurs. Precipitatimnirfiltrates in to the soil could also leave by
evapotranspiration or reach streams by through thom partly percolates to groundwater. The
depletion of water in the surface and subsurfaeetdwevaporation and evapotranspiration causes
groundwater to move upward direction through thecpss called capillary rise. Some of it
evaporates or moves to streams as base flow dret@d¢eans and lakes through deeper routes
(Gebreegziabher, 2005)

Unsaturated flow, macro pore flow and perched flperform due to the contribution of
precipitation. The process of percolation will ocashen the unsaturated flow recharges the
ground water. Macro pore and perched flow allovpass the water and this water will recharge
the groundwater flow and cause a rise of the wiatde. Percolation is a process when rainwater
reaches groundwater and this groundwater distribirte¢o channel flow which is base flow and
evaporation. But, inmost cases most part of theurgdtwvater will be as ground water or it
contributes to ground water storage. In generapenation is defined as the aggregation of
evaporation from canopy, plant transpiration, evapon from the soil and free water
evaporation. Groundwater is the contribution ofchatent runoff and channel flow will
contribute to catchment runoff.

[ Precipitation I
—

Canopy and wet

surface evaporation ’ l

>
—-—‘PI Soil evaporation I———b 3 Evaporation

| Open water evaporalien%—l——>

: A
Interception

Figurel1-2: Major processes of the schematized hydrologite at a catchment scale
Source: Rientjes (2007)
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1.5.2. The Hydrological Model

Use of hydrological Modelling

Hydrological models are mathematical formulationsioli determine the runoff signal which
leaves a watershed basin from the rainfall sigeedived by this basin. They provide a means of
guantitative prediction of catchment runoff thatymae required for efficient management of
water resources. Such hydrological models are adsal as means of extrapolating from those
available measurements in both space and timehetéuture to assess the likely impact of future
hydrological change. Changes in global climatelssigeved to have significant impacts on local
hydrological regimes, such as in stream flows whstipport aquatic ecosystem, navigation,
hydropower, irrigation system, etc. In additionth@ possible changes in total volume of flow,
there may also be significant changes in frequamcl/severity of floods and droughts.

Runoff generation processes are often poorly uholeilsat a catchment scale before an
experimental investigation is carried out. Rainfalhoff models have improved in the recent
years. Increased computer capacities have madestilpge to develop distributed physically

based models. However, the enormous data requitsnpeavent the extensive use of these
models. Conceptual models are less complex, relgtiwasy to use and the required input data
are available for most applications. But there tex&s large model uncertainty (Grayson et al.,
1992) and a parameter uncertainty (different patamsets reach equally good simulation

results). In addition, most parameters have todierthined by calibration and cannot be derived
from basin characteristics. This causes uncer&sntf the discharge simulation, which are
enlarged if the uncertainties of the input datacanesidered (Uhlenbrook and Leibundgut, 2000).

Hydrological models that simulate the hydrologicasponse caused by these changes in land
cover are traditionally based on soil moisture aotimg and routing, with a simple cause-effect

relationship in precipitation-runoff generation.afet of the art models also tend to be over

parameterised leading to shortcomings in descritliagcatchment hydrological response.

The HBV-96 model is selected for this study becafgbe following reason:
< the input data requirement is moderate
« the model simulates the major hydrological processcatchment
< the model was tested for water balance modellirdjfferent parts of the world
« the availability of the model
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1.5.3. The HBV Model

The HBV-96 model is a conceptual hydrological mofiel continuous simulation of runoff. It
was originally developed at the Swedish Meteoraalgand Hydrological Institute (SMHI) in the
early 1970s. Since then the model has found agjaitin more than 40 countries. Originally the
HBV-96 model was developed for runoff simulatiordarydrological forecasting, but the scope
of the application has increased steadily. TodayHBV-96 model can be used (Seibert, 2002):

» for water balance studies

» for runoff forecasting (flood warning and reservojreration)

» to compute design floods for dam safety

* toinvestigate the effects of changes with in thieloment

* to simulate climate change effects

In 1993 the Swedish Association of River Regulatiomterprises (VASO) and SMHI initiated a
major revision of the structure of the HBV-96 moaédth the same philosophy of simplicity as
the original HBV-96 model to make the model morggitally reasonable and up-to-date with
the current hydrological and meteorological knowkedHBV-96 is the final result of this model
revision.

The HBV-96 is best described as a semi-distribatetteptual model. The model simulates daily
discharge using daily rainfall, temperature anihestes of potential evapotranspiration as input
together with geographic information about the rigcatchment. The evapotranspiration values
used are long-term monthly averages. Dischargeredisens are used to calibrate the model, and
to verify and correct the model before a runoffeftast. The model consists of subroutines for
snow accumulation and melt, soil moisture accogntmnoff generation and finally, a simple
river flow routing procedure.

It is possible to run the model separately for sgveubbasins and then add the contributions
from all subbasins. Calibration as well as forez@stn be made for each subbasin. For basin of
considerable elevation range a subdivision intgalen zones can be made. Each elevation zone
can further be divided into different vegetatiomes (forested and non-forested areas).
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1.6. Thesis Structure

This work which includes the introductory chaptasibeen developed to have totally six
chapters. The general description of each chaptationed as follows:

Chapter 1. Describes introduction to the thesinega objective of the study, the research
guestions and Literature review.

Chapter 2: General description and Location ofstlnely area, this includes rainfall, climate,
topography and drainage network, catchment Hydsodogl Land cover.

Chapter 3: Explains: The reservoir water balancepmnents and the methodology of the study
followed for determination of storage capacity aedivation of water balance
components.

Chapter 4. Deals with: Data processing and restiligater balance components such as
evaporation, rainfall, irrigation water demand &ironmental flow.

Chapter 5: It incorporates the results of wateailve¢ model components.

Chapter 6: The last chapter includes conclusionReETtbmmendation
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2. Study Area

2.1. Location

Ribb dam site is located on the Ribb river on thstern side of Lake Tana Basin, in the South
Gondar Zone of Amhara National Regional State (Sge2-1)

Figure2-1: Location of the study area

The riverbed elevation at the reservoir axis isualig870 m at coordinates and 12° 02’ 30"N 37°
59’ 45”E. Approximate longitudinal section of thébR watershed along the main river course
shows that it is characterized as a steep mountsin@tershed up to the Ribb dam site, below
this point the river slope is getting flatter (FigL2-2).

The Upper Ribb watershed is characterized as a taimaus, wedge shaped and a steep sloped
watershed Figure 2-2. The highest elevation of wiaershed is about 4,100 m in the south
eastern part, where at the reservoir site the atevarops below 1,900 m. Debre Tabor, Ibnat
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and Gasay towns are located on the divide liner,reead inside the Upper Ribb watershed,
respectively.

8 3000
§ Reservoir site
Z 2000 |
1000 T T T T 1
0 10 30 50 70 90

Distance (Km)

Figure2-2: Gradient to Upper Ribb from the source toréeervoir site and Lake Tana.

The Ribb River, which is some 130 km long, hasuaient area at the reservoir site of 66&km

The river, which flows generally in a westerly @itien and dins into Lake Tana, is one of the
main streams flowing into Lake Tana from the ed@ke Ribb River, with its tributaries, drains

the western slope of the high mountainous areacgdabe town of Debre Tabor. In the low and
middle reaches of the river, especially in the esitee alluvial plains bordering the lake, the river
meanders its way and flows slowly, causing seriiver channel deposit, high water table and
overflow of riverbanks during the rainy season. samuently, major problems of flooding and
water logging must be resolved in order to devélogated agriculture in the area.

2.2. Topography and Drainage Network

The reservoir site is characterized by broad aatffibod plains, old bench forming terrace and
low to high relief basaltic hills with steep to nevdtely steep slopes. There are developments of
relatively few shallow seated gullies at the resigrgatchments attributed to rill and gully erosion
The peak topography in the reservoir area is mableshikra Hill, which is at an altitude of 1973
m. The Upper Ribb watershed is characterized asuntainous, wedge-shaped and steep-sloped
watershed. The highest elevation of the watershedout 4,100 m in its south eastern part. The
lowest topography land is at the dam site, whiddt ian altitude of 1870m.

In general the study area has a topography rarfgimg nearly flat to high sloping. Figure 2-3
below shows the digital elevation model of the gtatea generated from Aster image. The Aster
image obtained from USGS has 30m resolution. Tleza@me elevation of the catchment area is
1926m with minimum and maximum elevations of 1780amd 4100 m above sea level,
respectively.
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Figure2-3: Digital elevation model of the Ribb catchment

Upper Ribb watershed (that includes the Ribb damwsatershed) is highly vulnerable to sheet,
rill and gully erosions. Mean annual rainfall otlee Ribb dam site watershed is larger than 1,400
mm and 56 km downstream of the Upper Ribb gaugdieg the Ribb river slope is getting flatter
with low flow velocity and deposition of suspendsediment in the river course and over the
banks in case of excessive flooding.

377979 421269
1338602 1338602

1890.0
2245.8
2601.6
2957.4
3313.2

3669.0

A Dam Site [ e — ]
0 15 km

1280672 1289672
377979 421269

Figure2-4: Storage area and boundary of the reservathoznt
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2.3. Climate

The climate of the Ribb Basin is marked by a raagson from June to September, with monthly
rainfall varying from 65 mm in May to 411 mm in yuMean annual precipitation is about 1,500
mm in the upper part and about 1,200 mm in the tquegt. The dry season, from October to
April, has a total rainfall of about 8% of the mesmual rainfall. Dependable rainfall varies from
less than 13 mm during the dry season to 80-275mmmth during the period of June to
July/August, equivalent to 40-80% of the averagees Temperature variations throughout the
year are minor (19 °C in December to 23 °C in Magih maximum and minimum temperatures
of 30 °C and 11.5 °C, respectively. Humidity varlestween 70% in Dec and 88% in August.
Wind speed is low, thus minimizing potential evapaspiration values between 95 mm/month in
December and 140 mm/month in April. Sunshine darais reduced to 6.0-6.5 hours during July
and August.

2.4, Rainfall

The mean annual rainfall of the area calculatedguiie daily long-term rainfall record of Debre

Tabor station is 1500 mm. As shown in Figure 2édhnual rainfall doesn’t have high degree of
variation. The wettest year in the record perio8080 with rainfall of 1631mm and the amount
recorded in the driest year 1998 and 2001 was 1@#&nmd 1149mm respectively.

1800

1500 - ]

1200 4 — ] —

900 -

600 -

Annual RF (mm)

300 -

0 T T T T T T T T T T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Years

Figure2-5: Distribution of Annual Rainfall (1997-20D7

The wet period in a year lies between June to $dme with maximum rainfall in July of
416mm. The dry period lies between November to d&tyr and the minimum rainfall in
February. Ninety percent of the mean annual rdirgadbserved in the period from June through
September.
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Figure2-6: Distribution of monthly Rainfall (1997-2007)

70

60 -

50 A

40 4

30 4

Daily RF (mm);

20 4

10
o LAl |10 d.ll lﬁ ¥ oML (L |

1/1/97 5/16/98 9/28/99 2/9/01 6/24/02 11/6/03 3/20/05 8/2/06 12/15/07
Days

Figure2-7: Distribution of Daily Rainfall (1997-2007)

2.5. Temperature

Figure (2-8) shows the maximum and minimum montblyperature calculated using the long
term daily record of Debre Tabor station. Accordinthe hottest month is March with maximum
daily temperature of 28 and minimum temperature of 1@, the coldest month is July with

maximum temperature of 3@ and minimum temperature of°CL
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Figure2-8: Distribution of maximum and minimum monthlyrperature

2.6. Hydrological Data

Hydrological data is available from the Ribb rivgydrometric station at 12.0MWorth, 37.72
East that is operational since 1959. The near@st to the gauging site is Addis Zemen. At the
gauging site high flows are recorded during the seatson.

The relevant hydrometric station to estimate rilews at the Ribb dam site is the Upper Ribb
near Debre Tabor station, with catchment area 8flk@h". The station has been operational since
1983.
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Figure2-9: Ribb river flow near Addis Zemen
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Figure2-10: Ribb river flow at reservoir site

2.7. Evapotranspiration

The mean annual evapotranspiration of the study eatculated based on ten years data (1997
and 2006) of the two nearby weather stations (D&lisor and Gondar) using Penman-Monteith
method amounts to 1304 mm and is less than the meanal precipitation of 1613 mm. As
shown in Figure 2-11 the amount of reference evapepiration increases almost linearly from
September and reaches at its maximum value in Mamrindeclines to a minimum value in July.
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Figure2-11: Mean monthly evapotranspiration
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2.8. Vegetation and Landcover

The reservoir site area is characterized by scaissaattered remnants of trees that are confined
along old cultivated terrace lands, streams anerbbanks. The reservoir site area is extensively
used for farming, settlements being denser at ppemreservoir slopes and top of the hills. Most

of the catchment area is characterised by crophdtidscarce eucalyptus poles and few areas of
highland area covered by forests.

349569 439509
1358102 1358102

1281182 1281182
349569 439509

Figure2-12: Land cover map of Ribb catchment

2.9. Geology

The geology of the Ribb basin is dominated by aehegcano named Guna Terara. It corresponds
to the eruptive events that have occurred durirgdarly Miocene to Pliocene periods, and is
classified in the shield group basalt. The comnithotype for this material refers to lenticular
basalt with large amount of interbeded scoriacdaus and basalt agglomerates. Some paleosoils
may be interbeded.

The other smaller volcanoes located at the nogha&o considered being active during the same
geological period. The lower part of the valleydrefLake Tana is completely overlain by recent
fluvial depositions, which are mainly formed byt $0 clay deposits. Recent volcanic flows have
also been noted but they appear to be localizéiteimower section of the Ribb plain. No evidence
of such flows has been mapped in the upper pattseedRibb basin.

There is no evidence of slope instability in théliRReservoir. This is mainly due to the smooth
landscape of the reservoir. The reservoir mightfaady watertight due to the clayey blanket
covering the slopes and to the basaltic agglomeratel the tuffs formations series forming the
reservoir.
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3. Reservoir Water Balance

3.1. Introduction

The reservoir water balancemputation was made on the basis of water acauyptinciple by
considering all waters inflow, outflow and changestorage of the reservoir. This principle is
described schematically in Figure 3.1.
The inflow components are:
* Runoff from the catchment area (R)
» Precipitation on the reservoir area (P) and
» Groundwater inflow to the reservoir (3
The outflow components are:
» Water supply from the reservoir {&),
» Evaporation from the reservoir (E) and
» Groundwater outflow ().
Change in storageAB) is the remaining component which is the diffeeebetween all inflow
and outflow from the reservoir.

AS
Qo“t <—z—| Gout

N s - ﬁmuﬂ-"w

Figure3-1: Schematic representation of the reservoir mzdance components

3.2. Data

The data used for this study includes satellitegesa(Aster) and data collected during field
campaign from Addis Ababa meteorological agencynidliy of Water Resources, and

meteorological office Bahirdar branch. The fieldngmign was held in September at the end of
rainy season in the area. Table 3-1 shows dataatedl for the area.
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Table3-1: Weather data

Station Location Weather Temporal
name Lat Long parameters resolution
Precipitation, maximum and
Debre Tabor 11.85 38.01 minimum temperatures, wind Daily

speed, sunshine hour and
relative humidity

Addis Zemen 12.12 37.87  Precipitation, maximum and Daily
minimum temperatures

Precipitation, maximum and

Gondar 12.55 37.42 minimum temperatures, wind Daily
speed, sunshine hour and
relative humidity

3.3. Water Balance Analysis

3.3.1. Reservoir Water Balance Equation

In general the reservoir water balance equation is:
AS:I:)-'-R-'-csin_E_Qout_csout 31

Where,
AS = Change in the reservoir water storage
P = Precipitation on the reservoir
R = Runoff into reservoir
E = Evaporation from reservoir
Gin = Groundwater inflow
Gout = Groundwater outflow
Qout = Outflow

Ribb reservoir has to serve as a storage reseavmirsuch reservoirs are usually constructed
either on formations which are characterized wabsér seepage or on a foundation treated to
keep the seepage to a minimum. Owing to this faet groundwater inflow and outflow
components were considered negligible and are oosidered in the reservoir water balance
equation. Equation 3.1 is subsequently reducedearmanged to:

AS=P+R-E-Q 32

out
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3.3.2. Water Balance Components Derivation

3.3.2.1. Outflow, Change in Storage and Rainfall

Outflow, and change in storage were derived byguttie amount of water needed for irrigation
and environmental flow for environment protectidie rainfall data recorded at Debre Tabor
and Addis Zemen, was taken for this study as theyhe nearest stations to the reservoir.

355087 421852
50255 1350255

Woreta

Legend
= Boundary
L Gauging station
A Dam outlet
Meteorological stations

331489 1281489
355097 421852

Figure3-2: Locations of weather stations

3.3.2.2. Evaporation

Evaporation occurs when liquid water changes ptagecome water vapour. For the calculation

of evaporation from open water surface there ar®ows methods.. Energy balance approaches
and mass transfer approaches are include diffeenstons of these methods. The mass transfer
approach gives the instantaneous rates of evaporatider given instantaneous values of wind

speed and vapour pressure. (Dingman, 1994).

The energy balance approach to determining theageenate of evaporation over time a peiad
and involves measuring or otherwise determiningrétie of energy input and output by various
modes, along with the change of energy storedemtater body duringit (Dingman, 1994). The
applicability of this approach is limited becauderequires measurement of water surface
temperature.

The most advanced resistance-based model of evaporased in hydrologic practice is
Penman—Monteith equation, it assumes that all tieegy available for evaporation is accessible
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by the plant canopy, and water vapour diffused fingt of the leaves against the surface (or
stomatal) resistance and then into the atmosphere above against thedlasamic resistance.
Meanwhile, the sensible heat, which is originatatsiole rather than inside the leaves, only has to
diffuse upward against the aerodynamic resistamceSplving the equations describing the
diffusion process produces Penman-Monteith equdtitmidment, 1993). This equation allows
the calculation of evaporation from meteorologizaliables and resistances, which are related to
the stomatal and aerodynamic characteristics ofitte.

0.408A(R, - G)+ y(goo + 273)U (e, -e,)
ET = T 3-3
° A+y@+034U,)

Where, ET, is evapotranspiration,R, is the net radiationG is the soil heat flux, & - &)
represents the vapour pressure deficit of thelhirs wind speed at 2m height, is the slope of
the saturated vapour pressure curve {&Ppformulated as:

4098e,

= 3-4
(237.3+Ta)’

Where, gis the average daily saturated vapour pressurg) Paverage daily temperatura in
‘c).
The psychrometric constap{(KP&C™) is given as:

y = 0.001628(%? 35

Where, P = Average barometric pressure (kPa)

A = the latent heat of vaporization (MJRg
The relative humidity RH and saturated vapour pnes® are given in Equations 3-6 and 3-7
respectively:

RH = 2 x100 3-6
e

a

e, = 0.6108 exp[ 17.27Ta } 37

237 3+ Ta

3.3.2.3. Penman open Water Evaporation

Since potential evaporation occurs from an extenspen water surface, it follows thatr0 is
the appropriate value of surface resistance famesing potential evaporation. Penman open
water evaporation equation or a combination equnaifo special case of Penman—Monteith
equation. Over extensive water surfagéstaken to be zero angis empirically determined by
Penman (1948) is:
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2]

" 1+0.536U,

3-8

Where, z(m) is the height at which meteorological variabéee measured, and ém) is the
aerodynamic roughness of the surface.

For standardized measurement height of 2 m for \spekd, temperature and humidity adopting a
Z, = 0.00137 m which, according to Thom and Olived7@) implicitly assumed by Penman
(1948) the final equation reads (Maidment, 1993):

5 Roraye Y 643(L+ 0.536U ,)D

E = N
A+y A+y A

3-9

Where
E = Open water evaporation
R, = net radiation exchange for the free water surfmmday1
A, = energy advected to the water body, mmi'day
U, = wind speed measured at 2m,ms
D =vapour pressure deficit-e, kPa
A = slope of saturated vapour pressure’&€Pa
Y = psycrometric constant, ket

A = latent heat of vapourization, MJkg

The magnitude of advection and heat storage effdspends in large on the area, volume and

residence time of water in the reservoir relatigethte time period of the analysis (Dingman,
1994).

In summer time the water stored in the reservaainsost completely used and for this reason the
effect of advection and heat storage is considergdnificant and is taken to be zero.

The equation of evaporation for the reservoir exeifore reduced to:

__A ., y 6431+05360,)D
A+y " A+y A

3-10

The net radiation has been calculated accorditiget@rocedures and the equations in FAO
Irrigation and Drainage Paper No. 56 (Allen et H998).

The input weather data were taken from the neatasions to the reservoir (Debre Tabor and
Addis Zemen). Addis Zemen station has only maximamd minimum temperatures, these are
however not sufficient to apply Penman’s equatibime remaining required weather parameters
were therefore taken from Gondar, which is the medrest station to the reservoir.
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3.3.2.4. Rainfall

Rainfall in the catchment is a large component@idw in the wet season. The amount of rainfall
in the catchment is estimated by using Thiesseygpal and inverse distance methods.

I.  Thiessen Polygon Weighting Method

The first method of mean areal precipitation comapah is by the Thiessen polygon method. In
the Thiessen polygomethod, the upstream area of the reservoir is @didto polygons with the
rain gauge in the centroid of each polygon assuimé@ representative for the rainfall on the area
in the polygon. After defining the number of polygoand their respective areas)(Ahen we can
determine the weight as (#/Ai/A) and the areal rainfall is computed as:

|5:E§Axp. 3-12

Where,
P = Average rainfall
P; = Rainfall measured at stations,
A = Area of subregions and
A = Total area of the reservaoir.

II. Inverse Distance Weighting Method

The Inverse Distance Weighting method is an altereato the Thiessen polygon weighting
method in which a precipitation value at unknowinp®(x,y) is interpolated into the centre of
the catchment by using the inverse distance squssedeen the point location and the gauge
location as a weight for each gauge.

1
dm
n

2.4

i=1

x P 3-13

B =

ERE

Where,
P = Estimated average rainfall
P; =Rainfall measured at stations
d; =Distance of station from the reservoir centre
m = Weight
n = Number of meteorological stations.
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3.3.2.5. Surface Water Inflow

Surface water inflow to the reservoir includes wdtg rivers, streams and direct overland flow.
The main inflow to the reservoir is Ribb river addminates the surface water inflow. The
continuous daily flow data recorded in the resenritlet is used for the simulation of water
balance and related reservoir capacity.

3.3.3. Computation of Reservoir Capacity

The reservoir capacity is the amount of water daser reservoir is capable of storing. Yield,
demand and storage analysis can be used to deteth@involume of water that should be stored
in order to provide a specified water demand. Destgprage depends on the volume of demand
and the hydrology of the catchment supplying thgemeoir. The effect of hydrology of the
catchment on the required storage volume depentiseai@mporal uniformity, or lack of it, of the
stream flow and the casual rainfall.

The catchment yield or reservoir yield (inflow teetreservoir) and the outflow from the reservoir
are the only two factors, which govern the storegpacity of the reservoir. Since the inflow to
the reservoir is variable, water is stored in thgervoir to cater to the required outflow from the
reservoir, particularly during the critical periods non-monsoon season. After assessing the
monthly or annual inflow of the reservoir the demgattern can be specified. The reservair is
then usually designed to meet the specified outllewmands (Vijay and Sasikumar, 2003).

The reservoir capacity, the reservoir yield, areldhtflow from the reservoir are governed by the
storage equation 3-14, given by:

Change in storage = inflow — outflow 3-14

3.3.4. Data Requirement

In order to estimate the amount of water to stor@ supply at the later stage, the down stream
water requirement of every month is to be calcalagmilarly, the inflow to the reservoir from
the catchment is to be estimated. This analysisgivie the optimal water storage requirement so
that the down stream area gets water through eugdhr.

Once the demand and inflow are estimated then iegessary to need actual demands in
appropriate place by geographic and economic @itdihe area-volume curve technique was
used to evaluate the reservoir storage.

Procedures for identifying the storage requirement
» Construct a table of inflow (£ and outflow (Qu)
« Obtain the difference (£ Q.. for the selected period.
* Obtain the cumulative deficit

Storage = Obtain the cumulative deficit
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3.3.5. Area Volume Calculation

The reservoir capacity of the volume of storageresponding to a given water level in the
reservoir may be calculated either a trapezoidahda or a prismoidal formula. Thus, if V is the
storage volume and h is the contour interval, timfilae by Vijay and Sasikumar (2003) are:

= A+ A2 At AL) 315
V= Z%(Al +4A, + A,)....(Prismoidal)

=g[(Al+An)+4(A2+A4+-----)+2(A3+As+----)] 316

WhereA, is the area of the contour corresponding to thieemsurface elevation in the proposed
reservoir. By using the above methods for calcatptorage capacity of reservoir, the average
volume is derived.

Natural processes like erosion in the catchmend aned its deposition in various parts of
reservoir gradually reduce the capacity of reseni@ead as well as live storages are affected by
it. Information about the reduction in capacityniscessary for all the planning and operational
purpose that can be obtained through capacity gsidene at regular interval.

The capacity of reservoirs is gradually reducing do silting and hence sedimentation of
reservoir is of great concern to all the water veses development projects. Silting not only
occurs in the dead storage but also encroachediwstastorage capacity, which has long and
short-range impact on the functioning of the proj@ed economics. Correct assessment of the
sedimentation rate is essential for assessing lut&fuof the reservoir as well as optimum
reservoir operation schedule.

3.4. HBV Model

3.4.1. Background

The HBV-96 model was originally developed by SMiHIthe early 70°s to assist hydropower

operations. The aim was to create a conceptuablogical model with reasonable demands on
computer facilities and calibration data. The HB&&pproach has proved flexible and robust in
solving water resource problems and applications span over a broad range. Furthermore,
operational or scientific applications of the HB®-8hodel have been reported from more than 50
countries around the world.
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The HBV-96 model is today an Integrated HydrolopiMadelling System: a modern, well-tested
and operational tool. It can be linked with Reain& Weather Information and Forecasting
Systems, such as the WebHyPro system developetfbl. S

The HBV-96 model is a conceptual hydrological moftel continuous calculation of runoff. It
was originally developed at the Swedish Meteoralalgand Hydrological Institute (SMHI) in the
early 70’s to assist hydropower operations (Beigstrand Graham, 1998) by providing
hydrological forecasts. The aim was to create aeptual hydrological model with reasonable
demands on computer facilities and calibration .daktee model was named after the abbreviation
of Hydrologiska Byrans Vattenbalans-avdelning (Hydgical Bureau Waterbalance-section).
This was at the time the section at SMHI, wherenttoelel was developed. The first operational
forecasts were carried out for basins in the nontipart of Sweden in 1975.

The basic modelling philosophy behind the model is
« the model shall be based on a sound scientificdation
« data demands must be met in typical basins
« the model complexity must be justified by modelfpenance
« the model must be properly validated
» the model must be understandable by users.

For the first two decades, only minor changes m lasic model structure were made. In the
beginning of the 1990s a comprehensive re-evaluatiaghe HBV-96 model routines was carried
out (Lindstrom et al., 1997). The model consistsuwfroutines for snow accumulation and melt,
soil moisture accounting, runoff generation andlfin a simple routing river flow.

3.4.2. Structure of the Model

The HBV-96 model can best be described as a sestrifilited conceptual model. Over the years
only minor changes in the basic model structureehia@en made. Input data have been kept as
simple as possible, normally only daily mean-valoésemperature and precipitation are used.
Despite its simplicity, its simulation performante commendable, and the original use for
hydrological forecasting has expanded to applioatisuch as filling gaps in measured time
series, simulation of stream-flow in ungauged syetesign flood calculations and water quality
studies input data. The flexible structure of tHBVH96/IHMS system allows the model to make
necessary sub-divisions with respect to differdithate zones, land-use, and density of the
hydrometeorological network. Figure 3-3 gives Huhematic diagram of the HBV-96 model
structure (SMHI, 2006).
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Figure3-3: Schematic representation of the HB¥ model.

The general water balance equation used in HBV-96:
P—E—Q=%[SP+SM +UZ + LZ + Lakes | 317

Where,
P = Precipitation (mm)
E = Evapotranspiration (mm)
Q = Runoff (n¥/s)
S = Snow pack (mm)
SM = Soil moisture (mm)
UZ = Upper groundwater zone (mm)
LZ = Lower groundwater zone (mm)
LAKES = Lake volume ()
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3.4.3. Model Routine
Precipitation and Snow Accumulation

Precipitation calculations are made separately dach elevation/vegetation zone within a
subbasin. There is separate rainfall and snowfaliection factors as observed precipitation
values often are affected by observation losses.ldlygest errors are related to wind effects and
are generally higher for snow than for rain. Thaeagal precipitation correction factor accounts
for systematic errors that may be caused by noreseptative precipitation input. It is possible to
use different snowfall correction factors for faegsand non-forested zones within a sub-basin.

Soil Moisture

The soil moisture accounting routine is the mairt pacontrolling runoff formation. This routine
is based on the three parametgrép andfc:

» f controls the contribution to the response func{iw@/AP) or the increase in soil
moisture storage (AQ/AP) from each millimeter of rainfall or snow melthd
ratio AQ /AP is often called runoff coefficient, am) is often called effective
precipitation.

» Ip is a soil moisture value above which evapotransipimareaches its potential
value. The parametép is given as a fraction d€.

» fcis the maximum soil moisture storage (in mm) intiedel.

eta
AQ _ (sw_y 318
AP FC
Where,
M = Computed soil moisture storage
AP = Contribution from rainfall
40Q = Contribution to the response function
FC = Maximum soil moisture storage
S = Empirical coefficient
ET,x = Eotential evapotranspiration
ET, = Computed actual evapotranspiration

LP = Limit for potential evapotranspiration
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AQAF ETavET e

Figure3-4: The soil moisture routine

The effect of the soil routine is that the conttibn to runoff from rain or snow melt is small
when the soil is dry (low soil moisture values),dagreat at wet conditions. The actual
evapotranspiration decreases as the soil dried.ong-term mean values are used as estimates of
the potential evaporation at a certain time of ybar. It is thus assumed that the interannual
variation in actual evapotranspiration is much mdependent on the soil moisture conditions
than on the interannual variation in potential exragion.

Response Routine

The runoff generation routine is the response foncwvhich transforms excess water from the
soil moisture zone to runoff. This routine consist®ne non linear upper reservoir in the upper
zone and one linear reservoir in the lower zoneséhtwo reservoirs are the origin of the quick
and slow runoff component of the hydrograph. Thélaw from the upper reservoir is described
by function corresponding to a continuously incregsecession coefficient

Q, = K Ouz W) 319

Where, Qo = outflow from upper reservoir (mm)
Alfa = a measure of the non linearity and has a valnger&rom 0.5t0 1.1
UZ = the upper reservoir content (mm)
K =the recession coefficient, parameters usewmputing for the value df are
Khg, Hg andAlfa.
Hg = high flow level
Khq = recession rate

_ 86.4 /Mg OMhq

H 3-20
g A
Where, Mq = the mean of the observed dischargd&gn
Mhqg = the mean of annual peaks*(s)

A = the catchment area (R
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Q, =K, 0OLZ 3-21

Where,Q: =vyield from the lower reservoir (mm)
LZ = the lower reservoir content (mm)
K4 = the recession coefficient

Qo O;
A A

>z 17

Figure3-5: The response routine

Transformation Function

The runoff generated from the response routineiged through a transformation function in
order to get a smooth of the hydrograph at thesbofl the subbasin. The transformation function
is a simple filter technique with a triangular distition of the weights, as shown in Figure 3-6.
The time base of the triangular distribution isegi\by the parametenaxbaz. Maxbaz is the new
parameter for the transformation function and sbhellused in all new calibrations since it is
independent of the time-step.

Oot0; Weight 0

& r'y &

/\

- - -

Lt | P
Time ' Time Time

Maxbaz
Figure3-6: The transformation function
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3.4.4. Model Calibration

Hydrological models require adjustment of the valoémodel parameters, hydrologic influence
and stresses in order to tune the model. By maédration that stands for the fine-tuning of the
input parameter data, the performance of the medkeimprove. The procedure of adjusting the
model input parameters is necessary to mach wittheinmutput with measured field data for the
selected period and situation entered to the m@iehtjes, 2007).

The three methods of assessing the fitness ofateallated and recorded runoff are:
« By visual interpretation of the hydrograph
* By relative volume error
« By Nash and Sutcliffe efficiency

The relative volume error is given by equation 3-22

z Qsim(i) - Z Qobs(i)

R=* — = x100% 3-22
;Qobs(i)

Where Quusi) = Observed discharge at time
Qsimiy =simulated discharge at time

and the Nash-Sutcliffe model efficiency coefficigiMash and Sutcliffe, 1970) is given by the
Equation 3-23,

3 [Qunli) - Queli)F

1_ i=1
> [0..()-0]

R? = 3-23

Where; Qsm = Simulated discharge
Qups = Observed discharge

3.4.5. Setup of the Model

The HBV-96 model uses daily meteorological and bigiyical data. Rainfall, evapotranspiration,

temperature and forest and non forest landcover aiag the inputs of the model. Elevation data
used for this work is taken from ASTER DEM and ¢afibration and validation discharge data is
needed. Penman-Monteith method is used for evapspii@tion estimation.

32



WATER BALANCE MODELLING FOR RESERVOIR PLANNING IN RIBB CATCHMENT

Land sat

Hydrometeor
image

ological data ASTER Image

Land cover data » HBV Model < ASTER DEM |«

Model Calibration

Model
Validation

Simulated
Runoff

Figure3-7: The flow chart of the HB\26 model setup

The size of the study area is 668 square kilomeFiggire 3-8 gives the three subbasins of the
catchment and the percentage of landover for eabhasin is given in Table 3-2. Land cover
map is obtained from Landsat image and has diffegyesups of landcover and in this study the

HBV-96 model uses only forest and non-forest tyfursthis study and the original map was
resampled to fit the model.

Table3-2: The three subbasins area:

Subbasin Name Area (Kin
Subbasinl 238.45
Subbasin2 210.97
Subbasin3 259.49

Total basin area 668 Km
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380511 4243218
1338256 1338256

Reservoir outlet

Subbasine-3

Subbasine-2
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1259985 1259985
380511 4243218

Figure3-8: Upper Ribb catchment divided into three subtzas

The landcover area for the three subbasins is givélrable 3-3. The elevation group is at 100
meter interval for each subbasin.

Table3-3: Subbasin area and landcover type

Subbasin Land Cover Name Total Area (km)
Field (knf) Forest (k)
Subbasin-1 190.40 48.04 238.45
Subbasin-2 185.05 25.91 210.97
Subbasin-3 227.25 32.23 259.49

For rainfall estimation the inverse distance metivad used. The weights of the two rainfall
stations are given in Table 3-4.

Table3-4: The two station weights

Station Name Subbasin-1 Subbasin-2 Subbasin-3
Debre Tabor 0.88 0.9 0.73
Addis Zemen 0.12 0.1 0.27
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Data used for this study was from 1997-2006 othe$e data from 1997-2001 for calibration and
from 2003-2006 for validation. Usually, a 10-yeailg time series data is used in calibrating and
validating HBV-96 model (Lindstrom et al., 1997)alle 3-5 shows a list of sensitive parameters
used in HBV-96 calibration.

Table3-5: Parameters used for calibration

Model Routine Parameter Description
FC Maximum soil moisture storage (mm)
Soil moisture LP Limit for potential evaporation (mm)
Beta Exponent in the equation for discharge from thé soi
water zone
Ky Recession coefficient for the lower response box
Khq Recession coefficient for the lower response box
Response function when the discharge Hq
Hq Calculated value (ffs)
Alfa Used in the equatio®,=K*Uz#™
3.5. Irrigation and Crop Water Requirement

According to United Nations Environmental Progransn@&NEP, 2000) Global Environmental
Outlook, freshwater scarcity is viewed by both stiEs and politicians as the second most
important environmental issue of the*2dentury. “water requirement” means the amount of
water that must be supplied to the crop by irrgatio achieve optimal crop growth.

Water is often a limiting factor for crop growttspecially in arid and semi-arid regions, but even
in some in humid areas. In order to achieve optionap productivity, a certain amount of water
must be applied to the soil such that evapotraatpir may occur at the potential rate. Only part
of the applied water is actually “used” by theapt and evapotranspirates; this amount, the
difference between the potential evapotranspiradiot the evapotranspiration that would occur
without irrigation, is the net irrigation requirente The other part of the added water serves to
leach salts from the field soils, leaks or evapgainproductively from the irrigation canals, or
runs off; this amount depends on irrigation techggland management. The ratio of the net
irrigation water requirement and the total amountvater that needs to be withdrawn from the
source, the gross irrigation requirement, is calf@digation water use efficiency.” Under
conditions of restricted water availability, farrmanay choose to irrigate at a lower than optimal
rate. Then the actual water withdrawal is less tingross irrigation requirement, and, equally,
the actual consumptive water use for irrigatioreiss than the net irrigation requirement (Doll
and Siebert, 2002)

An important part of any evaluation of water supphd water requirements, where water is a
scarce commodity and seasonally variable, is tacimtte water supply and water requirement
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(demand) profiles as closely as possible. For elangoopping patterns and areas occupied by
various crops, can be manipulated to accommoddimiaishing water supply towards the end of
rainy season. Also, land preparation and datedantting can be staggered to smooth away peak
water demand where it exceeds water supply inicemanths (FAO, Soil bulletin 55).

3.5.1. Crop Water Demand

The crop water need, or in other words the amo@intater needed by a certain crop to grow
optimally, mainly depends on:

Climate: - in sunny and hot climate, crops needenwater per day than in a clouded and cool
climate.

Crop type: - crops like rice or sugarcane need maater than crops like beans or wheat and
Growing stage of the crop: - fully grown crops needre water than crops than have just been
planted.

ETm = KCETO 3-24

Where, ETm= Crop water requirement optimally (mm)
Kc = Crop factors (depends on crop type and developsiages)
ETo = Referential evapotranspiration (depends on clicrfattors) (mm)

The relation described in the above equation detersnmajor crops water requirement of the
study area. Major crops in the study area selexddtiey are frequently cultivated in the area. The
selected crops are maize, rice, Teff, millet anth{mo The crop water requirement and the water
requirement for irrigation calculated by using CR&®T for windows as described below.

3.5.2. CROPWAT

CROPWAT is a decision support system developedhey tind and Water Development
Division of FAO. Its main functions are:

To calculate:

- Reference evapotranspiration
« Crop water requirements
« Crop irrigation requirements

In order to develop irrigation schedules underaxaimanagement conditions for scheme water
supply and to evaluate rainfed production, drowdfeicts and efficiency of irrigation practices.

CROPWAT is meant as a practical tool to carry @aahdard calculations for evapotranspiration
and crop water uses, and more specifically to deaigl to manage irrigation schemes. It allows
the development of recommendations for improvedadtion practices, the planning of irrigation

schedules under varying water supply conditiond, the assessment of production under rainfed
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conditions or deficit irrigation.Calculations of crop water requirements and irragat
requirements are carried out with inputs of climaind crop data (Smith, 1996).

CROPWAT for Windows is a program that uses the RA@92) Penman-Monteith methods for
calculating reference crop evapotranspiration. €hestimates are used in crop water
requirements and irrigation scheduling calculati(@isrrke et al., 1998).

CROPWAT includes a revised method for estimatirigre;ce crop evapotranspiration, adopting
the approach of Penman-Monteith. Calculations r@ip cwater requirements and irrigation
requirements are carried out with inputs of climaind crop data. The development of irrigation
schedules and evaluation of rainfed and irrigatpwactices are based on a daily soil-water
balance using various options for water supply iardation management conditions. Scheme s
of water supply are calculated according to theppimmg pattern provided. Procedures for
calculation of the crop water requirements andgation requirements are based on
methodologies presented in FAO Irrigation and Dagam Papers No. 24 "Crop water
requirements” and No. 33 "Yield response to water".

By using CROPWAT software the amount of water regmient for irrigation is estimated.

3.6. Environmental Water Flow

Assessment of water availability, water use andewastress at the global scale has been the
subject of increasingly intensive research over ¢barse of the past 10 years. However, the
requirements of aquatic ecosystems for water haste been considered explicitly in such
assessments. It is, however, critically importéuat in global studies a certain volume of water is
planned for the maintenance of freshwater ecosyéteictions and the services they provide to
humans. The total EWR are assumed to consist dbgically relevant low-flow and high-flow
components. Both components are related to riwsy flariability, and estimated by conceptual
rules from the discharge time series simulatedheydlobal hydrology model. The concept of
environmental water scarcity is then introduced analyzed using a water stress indicator, which
shows what proportion of the utilisable water inrldoriver basins is currently withdrawn for
direct human use and where this use is in conflith EWR. EWR required to maintain a fair
condition of freshwater ecosystems range globatlynf20 to 50 percent of the mean annual river
flow in a basin(Smakhtin et al., 2004). It is shotkat even at estimated modest levels of EWR,
parts of the world are already or soon will be siffsd as environmentally water scarce or
environmentally water stressed.
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4. Results of Water Balance Components

4.1. Rainfall

The amount of rainfall in the catchment is estirddig using Thiessen polygon and inverse
distance methods.

Table4-1: Thiessen and inverse distance weights of Ribbrvoir

Station Thiessen polygon Inverse distance
Weight Weight
Debre Tabor 0.664 0.605
Addis Zemen 0.336 0.395
500
400 -
€
£ 300 1
I
£ 200
S
14
100
0 4
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
B Thiessen Polygon m Inverse Distance

Figure4-1: Rainfall results of the reservoir by Thiespefygon and inverse distance weighting.

4.2. Open Water Evaporation

Actual evaporation is a large component of loswater for the water balance in tropical Africa

where Ribb reservoir is located. Actual evaporatiates are difficult to estimate and reliable

estimation relies heavily on data availability. Be®ir open water evaporation is estimated using
the observed daily meteorological data values dr®&abor and Gonder stations. To estimate
albedo of the reservoir, if there is no water ip teservoir it is impossible to compute albedo
directly, so albedo value of the near by Lake Tamadopted (Abeyou, 2008) and reservoir
evaporation values estimated by Penman combinatjoation.
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Albedo value for Lake Tana ranges from 0.05 to BP.@&h an average of 0.058. An albedo value
of 0.058 is used for open water evaporation catmrathis value close to albedo value used at
Lake Ziway in Ethiopia which is 0.06 (Vallet-Coulbnet al., 2001). The calculated average value
of evaporation on daily basis is 4.7mm/day and rgiterm average annual evaporation is
1800mml/year.

In the Figure 4-2 relative humidity, sunshine, temgture and evaporation are drawn to show
their relationship.
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Figure4-2: The relation of relative humidity, mean tengiare, sunshine and evaporation

4.3. Runoff

The hydrometric station to estimate river flowstst Ribb reservoir site is the Upper Ribb near
Debre Tabor station, with upstream catchment afé6® knf.

Figures 4-3 and 4-4 show daily stream flow variati@t the Upper Ribb gauging station during
the rainy season (July-September) for the wet gg&098, annual flow over the same record was
603 Mn?. For the dry year of 2004 the flow was 138 fttmat was nearly 41% of the wet year

flow. July and August rainfall in 2001 was a vahfe629 mm, which was about 60% of the 1998
annual rainfall of 1,059 mm.
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Figure4-3: Mean daily flow of Upper Ribb (its) during the wet year of 1998.
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Figure4-4: Mean daily flow of Upper Ribb (its) during dry year of 2001.

Runoff time series data are screened for consigtand some unreliable observation records
were corrected by hydrologic reasoning. The scréeimee series data for the catchment is used
in the water balance modelling of the reservoir.

Table4-2: Average annual river flow of upper Ribb

River Area Mean annual river flow
Name (km?) (MCM)
Upper Ribb 668 215
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4.4, HBV Model

4.4.1. Data Input

The following are input data for HBV-96 model caéiion:

* Daily rainfall

e Dalily temperature

e Long-term monthly evaporation

« Daily river flow data
The acquired data for this study was divided ihi@é parts. To warm the model one year data is
used for initializing the model. Calibration washédfor the period 1997-2001 and validation was
for the period 2002-2006. Initialization of the nebderves to adopt the hydrological model from
the modelled environment.
The daily potential evapotranspiration was cal@dabased on meteorological station located
near Ribb reservoir (Debre Tabor, and Gondar stafiasing FAO Penman-Monteidguation.
Areal distribution of potential evaporation of teservoir is then estimated using inverse distance
square interpolation of the two stations. Table ghBws the weights of stations for the areal
potential evapotranspiration and temperature estima
Table4-3: Evapotranspiration weights of meteorologi¢atisns on the catchments

Stations Weight
Debre Tabor 0.9
Gondar 0.1

4.4.2. Model calibration

The calibration of the model is usually done by marry and error technique (Bergstrém, 1992).
Different criteria can be used to assess the fitimulated runoff to observed runoff. Calibration
is fine-tuning of the selected parameters whichehawsignificant role for model performance.
After running the model for different trials the topum parameter is chosen to match the
simulated and the recorded flow. Model performanas evaluated by:

» Visual inspection of plots with £, and Qs
» By Nash and Sutcliffe efficiency criteria
* By relative volume error

The data for calibration was from 1997-2001, UpRdab station the outlet of the catchment. The
parameters that give the best result are giverabiieT4-4. Model performance indicators used are
the Nash-Sutcliffe efficiency @ and the relative volume error. The value of tresiSutcliffe
efficiency (R) is 0.8 for calibration and 0.81 for validationhd relative volume error for
validation and calibration is 4% and 3% respecyivel
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Table4-4: Parameters used in HB36 model

Model Routine Parameter Parameter Calibrated value
LP 0.98
Soil Moisture FC 300
Beta 2
K, 0.1
Response Function Alfa 1
Khqg 0.2
Hq 2.6

Nash-Sutcliffe coefficient and relative volume &rape the objective functions in HBV-96 model
as described below:

The Nash-Sutcliffe Coefficient

The coefficient of efficiency (B is normally used for assessment of simulationthbyHBV-96
model and it is given by expression:

> 1Qun ()~ Qui)

R? =1 - 4-1
f —_—2
z [QObS (I) - Qobs
i=1
Where, Qusiy = oObserved discharge
Qsmi) = simulated discharge at time

i = time

R? compares the prediction by the model with the istpossible prediction, a constant value of
the observed mean value over the entire period.

«  R*=1, Perfect fit, Qui= Qonsti

« R?*=0, Simulation as good (or poor) as the constahte prediction

« R%*<0, Very poor fit
The model performance of HBV-96 model is best fl@@ito 0.95, in most of the cases above 0.6
values also acceptable (SMHI, 2006).

Relative volume error

The other error is the relative volume error and described as by equation 4-2:

z Qsim(i) - z Qobs(i)
R=2 = x100% 4-2

n
z Qobs(i)
i=1
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Where Qqsi) = Observed discharge at time
Qsimi) =simulated discharge at time

A relative volume error in betweet5 shows the model performs extremely well, a redati
volume error values in between +10% to +5% and t&%0% shows a model performs good

and a relative volume error greater tharL0% shows the model performance is not good.

Table4-5: The objective function values obtained dutimg calibration process

Objective Functions Value
R? (Nash and Sutcliffe) 0.81
Relative volume error 0.04

The discharge hydrograph after calibration is giveRigure 4-5 and 4-6. From these Figures can
be seen that the observed and simulated dischamtghraccurately. The differences are larger in
observed and the simulated discharges during timy ieason due to the rain coming from

upstream area.

The simulated hydrograph for the dry season matclusely to the observed one. In this case the
simulated one is somewhat larger than the obsemmed Simulated and observed discharge did
not match due to a number of possible reasons. rEates to the selected model approach and
available data that is limited in this study. Alsgh runoff cause that the gauge overtops by flood

and the record might not be accurate.
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Figure4-5: Scatter plot of calibration results
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Figure4-6: Simulated and observed hydrographs after mmalidration

4.4.3. HBV Model Validation

Due to the complexity of the real world, represegtihe real world system by a model approach
may not be accurate. Models therefore are unceaathmodels cannot be stated reliable when
only one field station is simulated. As such, itynwccur that under different hydrologic stress
conditions the model does not accurately repredenteal world system behaviour despite the
fact that optimal and calibrated model parametenaed.

Validation is a process of demonstrating that amgigite-specific model is capable of making
accurate predictions for periods outside a calibnaperiod (Refsgaard and Knudsen, 1996).
Simple model structures, calibrated over a cerpariod, are influenced by the rainfall-runoff

sequence specific to that period (Lee et al., 200&)efore in order to prove validity of a model,

the model should be tested against a second, indepeset of stress conditions.

Validation was done for the Ribb reservoir catchtweith data from 2002 to 2006. The objective
functions available in HBV-96 model were used festing the validity of the modelling on Ribb
reservoir. The objective functions used to measheereliability of the model are the relative
volume error and the Nash-Suitcliffe coefficienf)(R

Table4-6: The objective function values obtained dutimg validation process

Objective Functions Value
R? (Nash and Suitcliffe) 0.81
Relative volume error 0.03
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Figure4-7: Scatter plot of validation results
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Figure4-8: Simulated and observed validation result

The performance of the model for validation is $amito the performance of the model in
calibration period. As shown in Figure 4-8 aboves hydrograph of the observed base flow is
close to the simulated flow. But there is some ghsament between the simulated and the

observed in peak flow especially in the year 20@6 dimulated peak flows are higher than the
observed.
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4.5. Storage Capacity

To determine the storage capacity of a reservad iinportant to understand the area of interest
with the help of images. The reservoir areas arevel based on the contour lines of the area
with digital elevation model of ASTER image.

The Advanced Spaceborne Thermal Emission and RiefledRadiometer (ASTER) is an
advanced multispectral imager that was launchedboard NASA’s Terra spacecraft in
December, 1999 (ERSDAC, 2005). It was placed i@ km sun synchronous orbit (at equator)
with descending node crossing at about 10:30 aml lealar time and the orbital inclination of
98.2 degrees.

The ASTER sensor is designed to provide image datd4 visible, near-infrared, short
wavelength infrared and thermal infrared spectealds with the spatial resolution of 15m, 30m,
90m separately. Stereo image data are recordedionBand 3, which is the near-infrared
wavelength region from 0.78 to 0.8, using both nadir and aft-looking telescopes.

ASTER has 14 bands from visible to thermal infdaregion, which enables to provide more
information than that provided by Landsat/TM, ETMrtepresentative earth observation sensor.
More specifically, Landsat/TM, ETM+ has 2 bands short wave infrared region (SWIR),
whereas ASTER has 6 bands in the region. ASTER idatgplicable to define minerals and
rocks in resource exploration, environmental mamg such as vegetation, monitoring of
volcanic activity and others. In thermal infraresjion (TIR), Landsat/TM, ETM+ has only one
band, while ASTER has 5 bands. This is why ASTERxgected to contribute greatly in fields,
which require highly accurate temperature and awiiggletection such as identification of ores
(felsite from mafic rock), studies on cloud, evapaspiration, heat island effect in urban areas,
monitoring of volcanic activity, heated effluentdaothers.

Another pronounced feature of ASTER is the capatiidi collect information, which leads to the
production of stereoscopic data by combining themth vhigh spatial resolution spectral
information. ASTER band3 in VNIR (0.78-0,8®) can observe nadir-looking (3N) and
backward looking (3B) data simultaneously. Sterepac data can be produced by the
combination of these data. Also, based on the ateopic data, digital elevation model (DEM)
can be processed. In this way, ASTER data cantadd-dimensional information on topographic
map (Baipeng et al., 2007).

The digital elevation model generated from ASTERage is described in Figure 2-3 and the
contour lines generated from ASTER image is shawhigure 4-9. Lines are drawn at five meter
interval of contour with reference at the elevatdithe outlet of the reservoir at 1850m.
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Figure4-9: Contours generated from ASTER image for tisemeir

The incremental volume between sequential elevationtour lines is determined from the
following methods.

» Trapezoidal

* Prismoidal

* ILWIS Script

1. Trapezoidal method

= A A 2N A ALY 43

Where, h = height of contour
A= area of each contour

From the above equation the area of each contamamigpiled in Table 4-7

The volume of the reservoir is generated at 5 meatderval of contour in ILWIS software
and the volume between successive contour linesaecalated to get the total volume of the
reservoir. Results of the trapezoidal method arergin Table 4-7.
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Table4-7: Volume of the reservoir at each elevationrpézoidal method

Elev. Area Volume
1800 0.005 0.00
1805 0.010 0.02
1810 0.014 0.08
1815 0.021 0.17
1820 0.029 0.29
1825 0.037 0.46
1830 0.049 0.67
1835 0.068 0.96
1840 0.096 1.37
1845 0.172 2.04
1850 0.310 3.24
1855 0.476 5.21
1860 0.776 8.34
1865 1.337 13.62
1870 1.890 21.69
1875 2.548 32.78
1880 3.261 47.31
1885 4.063 65.61
1890 4.964 88.18
1895 5.959 115.49
1900 7.090 148.11
1905 8.566 187.25
1910 10.426 234.73

2. Prismoidal method

=2+ A ) AA 4 A ) 2A 4 A+ 44

Where, h = height of contour
A= area of each contour
From the above equation the area of each contaives in Table 4-8
The volume of the reservoir is generated at 5 metderval of contour in ILWIS software
and the volume between successive contour linesasid to get the total volume of the
reservoir. Results of the accumulated values fisnpridal method are given in Table 4-8.
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Table4-8: Volume of the reservoir at each elevation bgrpoidal method

Elev. Area Volume
1800 0.005 0.00
1805 0.010 0.02
1810 0.014 0.08
1815 0.021 0.17
1820 0.029 0.29
1825 0.037 0.46
1830 0.049 0.67
1835 0.068 0.96
1840 0.096 1.37
1845 0.172 2.04
1850 0.310 3.24
1855 0.476 5.21
1860 0.776 8.34
1865 1.337 13.62
1870 1.890 21.69
1875 2.548 32.78
1880 3.261 47.31
1885 4.063 65.61
1890 4,964 88.18
1895 5.959 115.49
1900 7.090 148.11
1905 8.566 187.25
1910 10.426 234.73

The storage capacity of the reservoir is determinedsing the area-volume relation curve given
in Figure 4-10 below. The incremental volume betweach stage elevation is determined from
the above methods. As soon as the area-volumedoredhtp has been established, preliminary
design calculations to estimate the rise configomatnd reservoir embamkment size can be
made. Sizing of the reservoir embankment and thievay systems will depend on the magnitude
of the design runoff event and the area-volumeioiahip for the reservoir.
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Figure4-10: Area-volume relationship
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Figure4-11: Photographs taken from the study area ateservoir site

3. ILWIS Script

Another way of estimating the reservoir volumeydirect calculation from ILWIS using scripts.
This method is a simple method to get the volumevatier that can be stored in a predefined
area.. When the reservoir is constructed, the egstrpart of the area will be filled up to the
reservoir crest level. To determine the area thilithe filled in water is estimated by using
neighbourhood operations in ILWIS and it is possilso to calculate the volume of the water.
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Table4-9: Volume of the reservoir at each elevationlb/IS calculation

Elev. Area Volume
1800 0.01 0.02
1805 0.01 0.06
1810 0.01 0.12
1815 0.02 0.20
1820 0.03 0.32
1825 0.04 0.48
1830 0.05 0.69
1835 0.07 0.98
1840 0.10 1.38
1845 0.17 2.01
1850 0.31 3.13
1855 0.48 5.02
1860 0.78 7.89
1865 1.34 12.85
1870 1.89 20.67
1875 2.55 31.36
1880 3.26 45.50
1885 4.06 63.42
1890 4.96 85.39
1895 5.96 112.17
1900 7.08 144.18
1905 8.51 182.37
1910 10.27 228.19
300
R2=0.95
250

Volume (MMC)

Area (km?)

Figure4-12: Area-volume relationship
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Figure4-13: Comparison of volume in ILWIS calculation aswhtour calculation

The total yearly evaporation from the reservoir amte to 14.5 My and 15 M of water left
for environmental flow. This amount of water redsitee total water input to the reservoir both
from rainfall and runoff from the catchment areaislIshows that significant amount of water is
evaporating from the reservoir. Though it is notsgible to avoid completely part of the
evaporation and the water for environment flow tlmehe solar radiation coming from the sun
and to secure downstream inhabitants in dry season.

4.6. Irrigation Water Requirement

An important part of any evaluation of water supphd water requirements, in areas where water
is a scarce commodity and seasonally variable,oismatch the water supply and water
requirements as closely as possible. For examp@gpeg systems, and areas occupied by
various crops, can be manipulated to accommoddimiaishing water supply towards the end of
the rainy season. Also land preparation and ddtgganting can be staggered to smooth away
peak water demand where it exceeds the water suppbrtain months (FAO, Soil bulletin 55).

The volume of water available for irrigation wilkdend on hydrological studies of surface water
inflow to the reservoir. The water demand for iatign depends on studies and field work to
estimate irrigation water requirements and cropdpetion. Matching of water supply and
demand involves cooperative work between water ureso specialists, engineers and
agriculturists (Melaku Yirga, 2003).
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Figure4-14: Yearly inflow to the reservoir (1997-2006)

Figure 4-14 shows the average yearly inflow to gervoir. In this case the amount of water
coming to the reservoir is 215MCM. But if we coraidhe amount of water coming to the
reservoir in the year 2004 that is 138MCM and tiffeidnce is more than 70MCM. Care should
be taken in the case of dry years like 2004 tgate the area properly by the reservoir operation
and the crop types to be planted in this case. dtaar that if the amount of water decreases also
the irrigable area will decrease and it is advisdblselect which crop type is the most important
for the community. It is noted that millet is mggsbwn crop to support daily food consumption in

the area.
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Figure4-15: Mean monthly inflow to the reservoir (1997080
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The river inflow into the reservoir varies signdittly from year to year. This variation is due to
the variation of yearly precipitation by climati@anability in the catchment, deforestation of
vegetation cover and human activities for the nekeitrigable land for agriculture (due to the
increase of population).

4.6.1. Crop Water Demand

Crop evapotranspiration, ETc, is calculated ushog coefficient approach by multiplying the
reference crop evapotranspiration, ETo, by a cogfficient, Kc:
ET, =K_ET, 4-5

Where, ETm= Crop water requirement optimally (mm/d)
Kc Crop factors (dimensionless)
ETo Referential evapotranspiration (mm/d)

Most of the effects of the various weather condsi@re incorporated into the ETo estimate.
Therefore, as ETo represents an index of climatimahd, Kc varies predominately with the

specific crop characteristics and only to a limigedent with climate. This enables the transfer of
standard values for Kc between locations and betwémates. This has been a primary reason
for the global acceptance and usefulness of thp coefficient approach and the Kc factors

developed in past studies (Allen et al., 1998).

The major crops in the study area are millet, rieff,and potato. These crops are selected due to
their usage in the area and most of the farmerd gt@se crops for a long period of time. During
field work data planting data was collected frora #yricultural office. The planting period in the
area is from June to September, this is becausaittiyeseason starts at the beginning of June and
ends at the end of September.

The relation described in equation 4-5 determin@gpomcrops water requirement of the study
area as given in Table 4-10.

Table4-10: Major crops, Kc value, Eland area weight of the crop

Major irrigated crop Growing K¢ value Growing  ETn Area
type Period Kei Kemid Keend day range  weight
Millet Dec/Jan-April 12 0.35 125-130 500-800 04
Rice Jan/Feb-May 1.05 1.2 0.9-0.6 150 450-650 0.2
Teff Dec-april 1.15 0.35 130 600-800 0.2

Tomato Dec-april 1.15 0.75 90-120 400-600 0.2
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From field work data an area weight is taken adipeusage of the crop for the community in the
area. Millet is the most grown crop for food pregiaan for most of the people and such has large
weight. Due to this reasons the recommended aremiftiet is higher than the rest of the crops

mentioned.

Table4-11: ET, calculation of selected crop

Growing Period va;?epr
ETn Area require

Description Dec Jan Feb Mar Apr May total Weight ment
K. millet 0.40 1.20 1.20 0.35
K. rice 1.05 1.20 1.20 0.60 0.60
K. teff 0.40 1.01 1.15 1.20 0.35
K. tomato 1.15 1.15 0.75
ET, 113.88 122.29 138.11 159.43 155.25 135.04
ETm millet(mm) 48.92 165.74 191.32 54.34 460.31 0.40 184.12
ETm rice(mm) 128.41 165.74 191.32 93.15 81.03 659.64 0.20 131.93
ETnm teff(mm) 45.55 123.52 158.83 191.32 54.34 573.55 0.20 114.71
ETm tomato(mm) 140.64  158.83  119.57 419.04 0.20 83.81
ETn total(mm) 45.55 441.48 649.13  693.52  201.83 81.03 2112.6 1.00 514.57

The ET, is calculated using the FAO Penman—Monteith metieedmmended in FAO paper no.
56, which uses all parameters that govern energhamnge and corresponding latent heat flux
(evapotranspiration) from uniform expanses of vateh. Most of the parameters are calculated
from weather conditions. It requires daily or mdwnthmeteorological data including air
temperature, humidity, sunshine duration and wipeled. Allen et al (1998) described that the
FAO Penman—Monteith equation used for calculatioh&T, by using daily or monthly mean
data can be simplified as in Equation 4-6.

0.408A(R, - G)+ y(goo + 273)u .. -e,)

ET, = T
A+ y(l+034U,)

4-6

Table4-12: Evaporation, Rainfall and Water demand fogation

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

Evaporation

(MCM) 122 117 143 135 141 117 097 101 118 123 116 114
Rainfall

(MCM) 0.08 004 03 03 069 134 337 325 146 0.71 028 0.08

Water Demand
(MCM) 485 247 273 336 10 0 0 0 0 845 127 3.05
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4.6.2. Irrigable Area of the Study Area

The main objective of land evaluation for irriga@gkiculture is to predict future conditions after
development has taken place. It is necessary tecést the benefits to the farmers and the
national economy and whether these will be susthwéhout damage to the environment.
Essentially a classification of potential suitailis required which takes account of future
interactions between soils, water, crops and ecamn@uocial and political conditions.

Some factors that affect land suitability are parard and others are changeable at a cost. The
costs of necessary improvements may be determisedthat economic and environmental
consequences of development can be predicted. dlypkamples of permanent features are
temperature, soil texture, depth to bedrock androatapography. Changeable characteristics
which may be altered deliberately or inadvertemylgically may include vegetation, salinity,
depth to groundwater, micro relief, and some saaia economic conditions.

Land suitability must therefore be assessed arssifiled with respect to specified kinds of land
use i.e. cropping, irrigation and management systdinis obvious that the requirements of crops
and irrigation and management methods differ, sostlitability of any land unit may be classed
differently for various uses. It can be uselessnisleading to indicate suitability for irrigated
agriculture in general if the land developer ne&msknow about its potential for a specific
irrigated crop or irrigation method.

The physical, soil, topography, drainage, climaid water quality factor are inter related. These
factors influence the required crop production ispand yield outputs, which intern are
controlled by technological levels, economic coiodis, social organization, resource fullness of
people, and the goals of the development. Irrigagilanning can be accomplished by using the
land classification survey as a systematic, intagggprocess for many of these plan determining
elements. Multi-discipline experts can study thelse determining elements.

Considering topography of the area, provisionaaile area was identified and it is estimated as
about 20000 hectares. In order to identify irrigadtea by topographical methods, a slope map of
the area of study is created from the digital eiemamap. For gravity irrigation the slope limit
should be from 0.2% to 2%-3% (FAO guide lines foil slescription and standards for the
classification of land for irrigation in the prodia of Alberta). To avoid or minimize drainage
problems the lower limit of slope is set to 0.2%eTupper limit is set to 3% for gravity flow,
irrigation is important to flow the water by graviwvith out any driving force or pumping from the
source to the command area. As indicated abowgeneral the selection of lands is phased in to
two parts: The selection of arable land on the sba$ifarm production, and selection of the
irrigable area on the basis of the economics ofptmect plan, where in irrigation benefits
determined by economic evaluation equal or exceefbqt irrigation costs. Taking this slope
limit in consideration the map in Figure 4-16 prods that match with the slope limit.
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Figure4-16: Irrigable area with slope lower than 3% agér than 0.2%
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The irrigable area for the catchment is locatedvalibe gauging station in Addis Zemen and the
flood plain is ungauged and it is very suitable ifogation. In Figure 4-17 the estimated area of
the catchment for gauged and for total Ribb isgiveslope percentage.
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Figure4-17: Irrigable area for gauged Ribb and total Ribtcthment
Net irrigation need = crop water requirement = 5&#m

Overall efficiency = 65% (for semi-arid area betwé&®%-70%)
Gross irrigation need = Net irrigation need/oveedficiency = 790mm

il
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From Table 4-11 crop water requirement of the an@pcan estimate the command area and it
lies in the south-west side of the reservoir oulléie reservoir will irrigate 17,000 ha to 20,000ha
of land

Table4-13: The water balance components and irrigalda ar

River Storage
Evaporation Rainfall Inflow Environmental capacity Irrigable Area
(MCM) (MCM) (MCM)  flow (MCM) (MCM) (ha)
14.5 12 215 15 168 17000-20000
4.7. Environmental Flow

Water is essential to all kinds of human developna livelihood support systems including
ecosystems management. However, water resourcesoareunder pressure due to increased
competing demands and global warming, which hawk tle complex water management
challenges. In Africa, longer dry seasons and moveertain rainfall are attributed to global
warming (IPCC, 2007) and it is anticipated thatr¢hwill be a 10-20% decrease in river flows
over some regions at mid- latitudes and in the tdspics, some of which are presently water
stressed areas. This is threatening the effortardsvenvironmental flows (EF) provisions in
many rivers, particularly in water stressed ar&sespite that there are many challenges towards
sustainable water resource management which ingltld=assessment and the understanding of
how much water can be taken from a river beforealility to meet social, ecological and
economic needs is hindered. Another challenge isaanto estimate the ecological reserves and
the mechanisms for allocation of water for higldgulated river as is the case for the Ribb River,
while ensuring the water dependant livelihoodsha poor are not affected (Kashaigili et al.,
2007). In this study the environmental flow is ewtted based on the historical series mean
monthly flows of the Ribb River.

Table4-14: Environmental flow for Ribb river

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

Average flow

(m?/s) 096 0.63 0.5 0.64 0.66 - - - - 396 291 1.15
Release
(m?/s) 048 031 025 032 033 - - - - 198 1.46 0.57

Environmental flow is estimated based on 50% ofttiséorical series mean monthly flow of the
river for dry seasons (the flow is taken as 25%-838p6onsidering the amount of available flow).
In the rainy season there is no need of releasmya@mental flow due to the rain which is
covering downstream of the reservoir.
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5. Water Balance

5.1. Water Balance Components

The water balance for Ribb reservoir was determfoethe years 1997 to 2006 on a monthly
basis. Monthly data for precipitation, evaporatisineam flow and expected reservoir release
were used for modelling of the reservoir water beda
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Figure5-1: The water balance components of the reservoir

The inflow components are stream flow to the resierand precipitation, while the outflow
components are water required for irrigation, evapon and the water required for
environmental flow. Precipitation and evaporatiomerted into volume using the reservoir area
and the discharge converted to volume by chandgieglaily record to annually.

Results for the wet season, shows that the reselexel declines starting from the month of
November and continue decreasing until the rairgtdts in the month of April. The largest
amount of input water from surface runoff from ttegchment is in the month of July and August
to balance the outflow demand for irrigation durthg dry season. The reservoir storage capacity
follows more the pattern of the surface runoff @necipitation. This is because when the rainfall
over the catchment becomes high the river discheegemes high. It should be noted that the
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rainfall input indicated on the Figure is rain tlfets over the reservoir area. Even though months
of May and September seems to have the same anobumiput from surface runoff and
precipitation and comparable output in terms ofpevation the change in volume is higher in
September than in May. Because September was gawater from streams of the catchment,
since it is the end of the wet season, where adap the reservoir doesn’t have any streams
which drains to the reservoir. Because May is theé ef the dry and the beginning of the wet
period that rainfall which is high in May is takém compensate the slightly higher evaporation
and large amount of shortage of surface runoff. &therage yearly amount of water given in
Table 5-1 shows that change in storage is posiB, in dry year change in storage will be
negative due to the decreasing of river flow arifadl.

Table5-1: The annual average water balance componetite oéservoir

Water balance components Amount of water per year
(MCM)

River inflow +215

Irrigation demand -168

Evaporation -14.5

Rainfall +12

Environmental flow -15

Change in storage +29.5

5.2. Sensitivity Analysis

In modelling any calibration is unique on itselftbit must also be realized, on the other hand
non-unique with respect to the many other approadhat also may yield an equally calibration

result. The main purpose of a sensitivity analysiso quantify how sensitive the model is to

certain changes in the input data and as suchnsitisgy analysis basically is a procedure to

quantify on the uncertainty of the calibrated modehere are uncertainties at the time of

measurement and computation due to human, instiuamehshortage of data. During calibration

of the reservoir water balance model, sensitivitglgsis has to be executed to understand to
which variable the model is more sensitive andheste the variation on the output parameter that
could arise due to uncertainties in the sensitaugable.

Sensitivity analysis has been made to all variabtessidered in the lake water balance. As it is
indicated in fig 5-2, the model is more sensitigeiter inflow and outflow for irrigation. 10 %
change in the river inflow can cause up to 20Mmaevater on average in the reservoir volume.
Similarly by changing outflow for irrigation by 10%ere will be a change loose and gain up to
15Mmc of water on the reservoir volume. The vaeatd which the model is least sensitive is
open water evaporation due to the lesser area agweon the ground as compared to the
catchment area.
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Figure5-2: Sensitivity analysis of the reservoir
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6. Conclusion and Recommendation

6.1. Conclusion

The reservoir water balance for Ribb reservoir maslelled by hydrological model called HBV-
96. The model is selected for its suitability foetarea of high topographic variability and the
data availability for the model. In HBV-96 the disecge of the catchment is simulated by using
rainfall, temperature and evaporation data. Larabssds considered for runoff simulation are
forest and field (non forest) areas.

Runoff data measured on the outlet of the rivarsisd for calibration and validation. This model
has been applied successfully in Lake Tana basaheeents that have similar characteristics of
Ribb reservoir Catchment. This model simulated fuimothe catchment with a relative volume
error of 4% and Nash and SutcliffJRof 0.8. The components for water balance of #senvoir
are computed by spread sheet model developedifostilidy. These components are runoff from
the catchment, areal rainfall, open water evapaomatiwater demand for irrigation and
environmental water release.

The catchment parameters needed by HBV-96 moded wetracted by remote sensing image
using GIS software. The measurement data taken fyround truth were used with the data
acquired from remote sensing images. Ribb resepadochment area, sub basins of the catchment
with their catchment area and outlet coordinatiesjadion zones and land cover information were
the parameters extracted for the HBV-96 model fremote sensing and GIS. The reservoir area
contour was generated from ASTER image. The stocagacity of the reservoir was done in
ILWIS software.

The HBV-96 model is calibrated by using the stepscdbed in the manual. The parameters in
the model have free ranges to calibrate the mdstteel parameters starting from the initial state
to the optimum value of the parameters. Validats@s done from the parameters obtained from
the calibration.

The storage capacity of the reservoir calculatedgushe contour lines of ASTER DEM is
amounting 148Mrh This shows that remote sensing can be considerenh alternative method,
if there is a need to evaluate the storage capexcdgnditions when data is not available.

Downstream flooding occurred in Fogera flood plaihich is the down stream part of Ribb
catchment and Gumera catchment. This flooding is amdy caused by Ribb river, but also
Gumera river and back water effects of high LakeelleFrom the Ribb river the amount of
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flooding reduced by 168 MMC of water and from tleat flooding the reservoir reduces the
amount of flood in some extent.

The water balance model for the reservoir showstiigannual runoff from the catchment to the
Ribb reservoir is 215 million frbased on the discharge data. With additional 1omim? from
the rainfall, the annual inflow to the reservoir2&7 million m. The region is semi-arid and the
rainfall is high in wet season, so that it repleesthe soil moisture to its water holding capacity
Therefore, total runoff from the catchment depemushe direct runoff and rainfall.

Actual evapotranspiration depends on the supplwatkr for irrigation on the growing period.
The average potential amount of water for the atiin is estimated to be 168 millior®nBut, in
dry years the amount of water will decrease froim #mount used for the irrigation. Due to this
reason there will be a scarcity of water for thégation in dry years. So, water is a limiting
constraint to agriculture production in the Ribbigation command area. Therefore, it is
necessary to reselect crops to irrigate in drysiear

The sensitivity analysis shows the volume of thsereoir is sensitive to all water balance
components. But, most sensitive to river inflowthe reservoir and outflow for irrigation water
demand.

6.2. Recommendation

Estimation of sediment load determines the usétilof the reservoir. Sediment data is required
in order to establish the potential loss of capaicitRibb reservoir due to sedimentation over the
design life of the project. Observation techniguesmit sampling of suspended sediment,
although bed load sampling is possible but it iy weaccurate. There is also seasonal effect, with
sediment load in the early wet months (June ang) higher than those on later months (August
and September) for the same discharge.

A further study should be taken to estimate theewdialance of the reservoir after the
construction of the reservoir is completed with thedp of recorded water level data from the
reservoir. This method is more accurate than tloskwised due to the lack of recorded water
level data.
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Annex:
Appendix 1: Monthly Relative Humidity
Year |Jan | Feb | Mar | Apr | May |Jun | Jul | Aug | Sep | Oct | Nov | Dec
1997 42 45 52 57 68 77| 87 85 74 76 74 62
1998 55 42 50 46 64 74| 90 90 82 73 50 39
1999 | 45| 31 39 46 60 68| 87| 83 78| 80| 52 56
2000 | 44| 41 47 66 62 74| 85| 86 80| 82| 67 60
2001 47 43 45 44 58 80| 88 90 76 70 59 54
2002 53 44 49 45 49 74 | 81 81 66 49 47 50
2003 | 35| 37 42 35 33 68| 85| 84 76| 59| 48 44
2004 42 40 34 47 42 72| 83 84 78 66 62 52
2005 42 30 42 37 43 68 | 86 81 82 71 56 34
2006 31 33 33 42 61 70| 82 71 78 48 41 43
2007 39 37 33 44 51 75| 85 80 73 55 45 34
Appendix 2: Monthly sunshine hours
Year | Jan | Feb | Mar | Apr May |Jun | Jul | Aug | Sep | Oct | Nov | Dec
1997 | 8.01 | 8.03 | 6.82 6.89 | 596 | 487 | 409 | 408 | 6.33| 6.15| 7.10| 7.90
1998 | 8,53 | 891 | 8.00 862 | 755 | 719 | 294 | 3.21 | 564 | 742 | 8.94 | 9.50
1999 | 835| 942 | 9.19| 1086 | 759 | 6.10 | 3.71 | 422 | 596 | 6.55 | 8.88 | 8.63
2000 | 9.15| 9.13 | 9.10 643 | 783 | 685 ] 431 | 3.62 | 583 | 654 | 8.44 | 8.61
2001 | 9.10 | 8,57 | 7.00 8.18 | 8.02 | 549 | 3.68 | 343 | 6.29 | 7.38 | 8.41 | 8.72
2002 | 8.18 | 8.75| 7.83 | 9.08| 8.75| 6.50 | 510 | 440 | 6.23 | 7.90 | 8.37 | 8.94
2003 | 8.97 | 7.86 | 7.99 773 | 791 | 6.15| 424 | 3.39| 573 | 748 | 841 | 8.75
2004 | 7.59 | 9.01 | 8.80 598 | 837 | 448 | 591 | 528 | 569 | 742 | 851 | 9.16
2005 | 6.45| 7.84 | 8.02 5.79 | 648 | 541 | 495 | 437 | 544 | 758 | 8.52 | 9.57
2006 | 8.73 | 6.58 | 7.32 534 | 431 | 6.22 | 415| 3.39| 501 | 781 | 850 | 851
2007 | 8.18 | 7.84 | 8.48 784 | 724|581 | 3.19| 400 | 512 | 7.76 | 8.23 | 9.12
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Appendix 3:

Appendix 4:

Monthly wind speed

Year

Jan

Feb

Mar

Apr

May

Jun

Jul | Aug

Sep

Oct

Nov

Dec

1997

1.07

1.31

1.28

1.30

1.27

1.23

113 ] 1.25

1.15

0.81

0.95

1.02

1998

1.05

1.06

1.27

1.46

1.28

1.25

117127

114

0.85

0.97

1.04

1999

112

1.46

121

1.50

1.43

141

1.08 ] 143

1.27

0.84

1.06

0.99

2000

1.30

1.35

1.37

143

1.26

1.15

119] 123

0.93

0.70

0.74

0.89

2001

1.09

1.21

1.23

1.33

1.10

111

1.15| 1.09

1.24

0.89

1.00

1.16

2002

1.49

1.35

141

1.73

1.33

131

135] 1.33

111

1.00

1.08

1.13

2003

1.20

1.25

1.35

151

1.75

1.23

1.06 | 1.20

1.04

0.88

1.03

1.10

2004

1.00

1.24

1.25

1.13

1.64

1.23

118 ] 1.13

1.02

0.74

0.78

1.00

2005

1.02

1.21

1.15

1.25

1.37

142

1.10] 1.36

1.24

0.81

0.89

1.06

2006

1.12

1.19

1.22

121

1.19

1.07

1.06 | 1.09

0.95

0.78

0.91

1.09

2007

0.90

1.01

1.20

1.17

111

0.87

0.95] 1.17

1.04

0.98

1.01

1.32

Monthly rainfall

Year

Jan

Feb

Mar

Apr

May

Jun

Jul Aug

Sep

Oct

Nov

Dec

1997

0.11

0.00

2.27

1.55

6.37

7.11

13.36

12.31

6.63

9.87

0.48

2.66

1998

0.44

0.00

0.68

0.23

6.57

4.09

12.95

13.28

8.21

2.45

0.02

0.00

1999

112

0.00

0.00

0.32

1.43

5.93

14.75

11.89

5.83

9.09

0.38

0.63

2000

0.00

0.02

0.22

4.04

2.42

5.64

13.43

14.23

8.54

4.45

131

0.02

2001

0.00

0.05

0.71

0.80

3.08

6.58

16.02

13.23

6.16

1.94

0.15

0.23

2002

0.01

0.00

1.93

1.52

152

6.78

8.17

9.85

541

0.25

0.53

0.61

2003

0.00

0.50

0.82

0.62

0.63

2.90

13.71

12.71

7.27

1.22

111

0.48

2004

0.02

1.30

1.09

2.52

0.62

4.70

10.76

9.52

4.03

2.77

1.42

0.41

2005

0.04

0.00

1.10

0.34

1.82

7.48

15.28

14.06

7.21

0.16

0.99

0.00

2006

0.00

0.05

0.22

2.11

4.75

5.67

15.55

14.60

8.50

1.53

0.00

0.25

2007

0.64

0.02

0.72

2.93

2.12

9.43

13.70

15.15

6.76

0.80

0.00

0.00
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Appendix 5: Monthly maximum temperature

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

1997 220 | 235 | 240 | 230 | 220| 206 | 183 | 192 | 214 | 210| 219 ]| 212

1998 | 23.0| 241 | 249 | 265 | 232 | 222 | 17.7| 179 | 198 | 20.8 | 22.1 | 22.6

1999 | 223 | 249 | 249 | 253 | 246 | 234 | 175| 182 | 199 | 194 | 215 | 222

2000 228 | 244 | 255 | 228 | 237 | 222 | 19.0| 18.7| 19.8 | 198 | 214 | 226

2001 | 228 | 25.0| 241 | 253 | 235| 201 | 183 | 183 | 204 | 21.8 | 22.2 | 228

2002 | 229 | 251 | 246 | 249 | 255 | 221 | 202 | 19.7| 204 | 229 | 23.1| 229

2003 237 | 245 | 245 | 254 | 26.0| 224 | 185 | 188 | 201 | 219 | 223 | 224

2004 23.7 | 239 | 25.0| 232 | 259 | 218 | 19.6 | 193 | 209 | 214 | 223 | 224

2005 | 228 | 259 | 249 | 255 | 246 | 231 | 181 | 19.6 | 202 | 21.6 | 224 | 227

2006 | 28.7 | 251 | 252 | 244 | 226 | 216 | 195 | 193 | 20.7 | 228 | 224 | 225

2007 226 | 245| 260 | 249 | 247 | 209 | 181 | 192 | 205 | 215 | 225 ]| 226

Appendix 6: Monthly minimum temperature

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

1997 8.0 85| 109) 108 106| 105]| 104] 103 98] 9.1 8.5 9.5
1998 8.8 92| 113| 130| 122 | 109| 106| 105 98| 9.3 7.3 6.7
1999 8.0 9.7 94| 113)| 108 10.3| 10.0] 10.1 9.0] 9.3 7.0 7.7
2000 7.9 90| 10.2| 10.1| 10.8| 10.1 9.8 9.8 92| 9.1 8.2 7.6
2001 6.9 95| 106| 115) 11.7| 103] 10.1] 104 9.0] 9.1 74 8.0
2002 7.7 92| 105| 105] 119 105] 10.0 9.6 90| 7.7 7.8 7.4
2003 7.3 93] 105| 109] 122 | 107 9.3 9.5 91| 84 8.1 7.9
2004 8.7 83| 10.7) 112 111] 103 9.9 9.8 91| 76 7.9 7.9
2005 74| 102) 105 12.0| 114] 107 9.6 8.8 95| 85 7.5 6.9
2006 8.5 99| 10.7| 105)] 104 103| 104 | 103 95] 93 8.0 7.5
2007 8.2 95| 10.7| 111)] 116 109| 105| 10.1 9.7 7.9 7.5 74
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Appendix 7: Contour lines at different elevation
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Appendix 8: Photographs taken from the study area
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