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ABSTRACT

Lake Ziway is located in Oromia Regional State near the Town of Ziway some 150 km
south of Addis Ababa at the northern end of the southern Rift Valley. The lake covers an
area of some 450 km? at its average surface level of 1,636.12 m and has a maximum
depth of 8 m. The two major rivers flowing to the lake are Meki and Katar Rivers and
there is Bulbula river as an outflow from the lake. The Lake is important water resource
in the study area beside its importance; the level of the lake has changed dramatically
over the past decades due to the rapid change of inputs and output components of the lake
water balance.

To alleviate the existing development constraints, the national government of Ethiopia
has designed region based irrigation development polices and strategies, from this
development the one which needs more attention is the Ziway-meki pressurized irrigation
development project which planned to irrigate a gross area of 15500 hectare (net 14657.2
ha) land.

This study is conducted to determine water balance of Ziway lake based on the available
water balance components and by considering existing and proposed irrigation scheme
of the Ziway-Meki irrigation project by creating different scenario to reflect the different
stage of irrigation development and variation in the river flow patterns that flow to and
out of the Ziway Lake and the rainfall pattern within the Ziway Lake basin. The water
balance was formed on the basis of excel spreadsheet which handles all the inflow (from
rivers and runoff alongside the lake shore) and outflow patterns from the lake (irrigation
and water supply need and Bulbula river).

The water balance was basically seen via the lake water level by applying existing
abstraction and proposed irrigation scheme of 14657.2 ha land. From the result of water
balance model the lake drops its level from the full level (1638m) by 0.568m from
September to august of which 0.33m is by the existing irrigation scheme and 0.238 m
drop is due to inflow rivers variation. From model result the existing abstraction and the
total irrigation area of 14657.2 ha decreases Bulbula outflow by 20 m3/s of which 17.51
m3/s due to the proposed scheme. Such yearly variation would result in a drastic decrease

in Lake water level and Bulbula river flow in upcoming years.
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CHAPTER ONE

1. INTRODUCTION
1.1. Background

Lakes plays a vital function at various times and for different purposes such as water for
hydropower generation, irrigation, water supply, mitigating disastrous environmental
effects and impacts, as well as ensuring flood mitigation and as an insurance during

periods of drought etc.

Ethiopia is gifted with a variety of aquatic ecosystems, especially a number of lakes that
are of great scientific interest and economic importance. However, this resource is
unevenly distributed both in space and time.

The uneven distribution of water makes it finite and scarce resource. So water must be
managed in a sustainable way to meet human as well as ecological needs. In the absence
of proper water resources management, it is inevitable that the existence of the resource
will be questioned by shortage, and then by the depletion.

The Ethiopian Rift is part of the Great East African Rift Valley, which extends from
Jordan in the Middle East, through Eastern Africa to Mozambique in Southern Africa
dividing the highland of central Ethiopia.

This study has been conducted on the lake Ziway catchment located within the central
main Ethiopian rift valley. Lake Ziway (7°55°N and 38°43’E) is a turbid freshwater lake
situated in the most northern section of the Central Ethiopian Rift Valley. The area is
found in semi-arid climatic region, which is characterized by scarce precipitation and
associated shortages of water resources. Even though the area is found in the water
stressed region, water availability was not an issue before couple of decades. During
those decades, much of the area was covered with natural vegetation and the lakes were
protected from large-scale human interferences. However, the fast growing population
has since induced the expansion of farmlands, increased deforestation, overgrazing,
irrigation and fishing activities. This trend is intensively continuing.

Lake Ziway is fed principally by the Katar & Meki Rivers. Katar river and its tributaries
drain the highland area of Chilalo to the south and east of the Lake. From the north- west
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Lake Ziway receives the flow of Meki River, which may in some years be intermittent.
The Meki drains the Gurage Mountains & swamps to the south of Butagira including
Lake Tufa. Lake Ziway overflows into Bulbula River and flows to Lake Abiyata

The majority of population of Ethiopia is dependent on rain fed agricultural production
for its livelihood. However, estimated crop production is not close to fulfill the food
requirements of the country (Lambisso,R, 2005).

Irrigated agriculture is a common practice around Lake Ziway, by pumping and diverting
water from the Lake and from the rivers that flow into the lake. Previously water
abstraction from Lake Ziway Was mainly by state farms, cooperatives and individuals.
The intermittent rainfall in the Lake Region and the increasing population with increasing
demand for water use undoubtedly Increase the pressure on the lake. Recently there are
different agricultural activities in the vicinity of the lake shore going on which solely
depend on irrigation by lake and river water abstraction with higher efficiencies than
before. The blooming floriculture in Ethiopia mainly in the Rift Valley area is also a
major concern to the lakes water level and water budget in the area. The previous
irrigated state farm near the shore of Lake Ziway is currently running a large scale
horticulture and floriculture greenhouse complex (before (2007) 35 greenhouses with an

area of 315-420 ha) by a private farm ( Tibebu, 2007).

1.2. Statement of the Problem

A large-scale irrigation development project is proposed around Lake Ziway for a gross
area of 15,500 ha by abstracting water from the lake (ziway-meki agronomy report). The
method of irrigation system to be developed is pressurized and surface irrigation system.
The design strategy is on the basis of triangular model approach. That is, optimization of

the engineering, the agronomy and the economic aspects.

The existing and proposed irrigation area is found on the lower terraces along the
Western, North East sides of the lake and the lower lying parts of the Meki river delta. It
is geographically situated at latitude of 888,000-905,000E and longitude of 474,000-
498,000N UTMs. The altitude of the project area lies between 1636m and 1690m a. s. 1.

According to the calculated crop water requirement data, from the total proposed

irrigation scheme the net scheme covers area of 14657.2 ha land which will need water
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demand of 154.4MCM per year which is very huge and has great change on the water

balance of the lake.

The practical problem related to the drying up of River meki and ketar and the shrinkage
of the terminal Lake Ziway is a burning issue for local people. The underlying reason for
deterioration of the basin is the water abstraction, does exceed the sustainable use. The
annual flow volume series of Meki River are depicted although there is a substantial
increase in the exploitation of Meki River tributaries for Irrigation,

According to ziway-langano-abiyata hydrology report (2007) total sum of surface water
abstraction from the Ketar River and Meki River was in the order of 14.52MCM per year,
which is used for irrigation and the existing abstraction from the lake was in the order of
19.43 MCM per year. This irrigational practice has an effect on the water level and
budget of the lake.

From the Recorded data, Clearly understand the previous design assumption for the
proposed irrigation scheme with respect to the two river flow distribution will not
correspond to the reality after the design was completed.so this study will uses the latest
data (2006-2014) to calculate the response of lake water balance and change in Bulbula

River to monthly varying existing and proposed irrigation water demand.

1.3.  Objective of the Study

1.3.1. General Objective

The main objective of this study is:

» To determine water balance of Ziway Lake based on the available data and by
considering irrigation (Existing and proposed) scheme, so as to come up with

defined cause of lake level fluctuation on monthly mean basis.

1.3.2. Specific Objectives

The specific objectives of this study are to:

» To quantify the various water balance components of the lake
» To assess the effect of water abstraction for irrigation (existing and proposed)
scheme and other development project on the lake future hydrologic behavior.

» To assess how the impact on Lake Ziway affect the flow of Bulbula River.
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» To recommend on the measures taken on the lake and river that protect from

drying (to do not became below from the expected mean flow).

1.4. Research Questions

The detail research questions are as follows:

» How much of water used for irrigation purpose and for other development project
that abstracted from the lake? And how irrigation abstractions affect the lake
water level?

» How the lake water level variations affect Bulbula River flow?

» What Recommendations taken to use the water appropriately and to protect both

the lake and the river from drying?

1.5.  Significance of the Study

This research paper focuses on the determination of the water balance of Lake Ziway and
lake level by considering different input and output of the lake. Especially the research
focus on the current existing and proposed irrigation scheme which abstract huge amount
of water from the lake that influence the water budget and level of the lake.so this
information is must be updated and give real probability forecast for future depend on the
latest data. Then the study used for the decision maker, investors as well as for the

community to use the water properly by knowing the level.

1.6.  Scope of the study

In this study the water balance is done in two different input and output data those
recorded previously for long period (years) and currently for short period (years). But this
research focus on mean monthly water balance of the lake based on latest data. There
may be difference in considering long term mean and short term mean hydro
metrological data. Since there is a significant difference between the two data system,
observing the irrigation impact with the current data is necessary to have correct
information about the lake and Bulbula River.

In this study the impact of irrigation will assess by assuming the climate change will

remain the same at future time horizons. However, in real world the climates change.
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CHAPTER TWO

2. DESCRIPTION OF THE STUDY AREA

2.1. Location

Lake Ziway is located in Oromia Regional State near the Town of Ziway some 150 km
south of Addis Ababa at the northern end of the southern Rift Valley. The lake covers an
area of some 450 km” at its average surface level of 1,636 m and has a maximum depth
of 8 m. The two major rivers flowing to the lake are Meki and Katar Rivers. Meki River
originates from Gurage Mountain at an altitude of about 3000m drains a total area 2,300
km? while Katar originates from Arussie highlands at an altitude of some 4000m drains a
total area of 3,400 km’. Apart from the Meki and Katar, Lake Ziway has its own
Catchment covering about 1,700 km”.

S20000 -

20000 -

420000 480000 420000

Figure 2.1 the location of the lake and the project area

2.2. Climate
Generally, the study area around the Lake is characterized with semi-arid climate where,

in most of the cases rainfall doesn't exceed evaporation. The Lake Catchment has a wet
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season from July to September, a dry season from October to January and a season of

highly variable rainfall from February to June.

2.2.1. Rainfall
The area receives bi-modal rainfall with erratic distribution and therefore, the bi-modal

pattern of the rainfall is not consistent. The mean monthly rainfall of the area varies from
a minimum of 3.6 mm in December to a maximum of 150 mm in July. The main rainy
season (meher) lasts from end June to September and the highest amount of rain is
recorded in July & August whereas the short rainy season starts in February and ends in

end May.

2.2.2. Land Use
Appropriate land use policy and system of its practical application is an essential part of

land use management. However, the study woredas have no systematic and technically
supported land use system. According to the data taken from each woreda rural
development and agriculture office, the land use pattern for Ziway Dugda includes: -
cultivated land, 30,689ha, grazing land, 26,958ha, forest, 1800ha, water bodies 33,758ha,
waste land 3,920ha, road &construction 2,343ha that makes the total area of the
woredal25, 100ha and for Dugda bora woreda cultivated land 65,874ha, grazing,
36,700ha, forest land 20,191ha, water bodies 13,038ha that makes the total area of the
woreda 146,800ha. Currently Dugda bora woreda is divided in to bora and Dugda

woredas and the land use for each woreda is not yet specified.

2.2.3. Temperature
The mean daily temperature at Ziway is 20.3 °C. The highest temperature occurs between March

and June prior to the start of the main rainy season. The minimum temperature in the dry season
is 11.4 °C falling in December, though seasonal variation in daily temperature is relatively
slight. Spatial variations in temperature are largely results of differences in altitude. Mean
daily temperatures fall with increasing altitude at a rate estimated to be within the range
0.55 — 0.650C per 100 m, though the lapse rates are not uniform and actual temperature

variations depend on exposure and seasonal weather characteristics.
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Figure 2.2 Average temperature at the study area

2.2.4. Relative Humidity

The highest humidity occurs in the wet season, and the least in February and March.
Throughout the dry season and generally between 12:00 and 15:00 hours, the relative
humidity falls below 64.2%. When there is also marked diurnal variation. The Ziway data

seems to overestimate the natural relative humidity due to the fact that the meteorology station is

located near the lake.

2.2.5. Wind

Strong and persistent daytime winds are significant feature of the lake Ziway area. During the
afternoon in the dry season, the prevailing northeasterly winds are reinforced to the west and
south of the lake by local on-shore airflow. Wind speeds are measured in the study area at Bui,
Meraro and Ziway. The mean wind speed is relatively high, averaging 1.19 m/s throughout the
year (measures by cup-counter anemometer at 1m above the ground level). The windiest periods
are November-January and immediately preceding the main rains in June.

Table 2.1 Average monthly climatic data in the area

Climatic data Jan | Feb | Mar | April | May | June | July | Aug | Sept | Oct | Nov | Dec

Rainfall (mm) 15.8 | 359 | 52.8 | 72.7 | 68.8 | 76.6 | 150.9 | 132.6 | 88.8 | 35.8 | &.1 3.6

Mean max. 26.2 | 27.4 | 28.2 | 28.2 | 28.6 | 28.7 | 25 25 259 | 26.7 | 26.3 | 25.9
tem( c°)
Mean min. 124 | 13.3 | 145 | 148 | 15.1 | 148 | 14.7 14.5 139 [ 128 | 123 | 114
tem(c’ )

AAIT/SCEE 7




The impact of existing and proposed irrigation scheme on Hydrology of lake Ziway 2016
Humidity( % ) 67.4 | 65.7 | 66.1 | 67 68.3 | 69.5 | 76 77.1 | 747 | 66.6 | 64.2 | 65.8
Mean daily 65 |68 |61 |6.1 72 |93 |86 7.6 54 |57 |65 |68
Wind speed
(km/hr)

Sunshine(hrs) 95 |94 |84 |84 9.1 84 |64 6.7 7.1 9.1 10.2 | 10.1
2.3. Population

Based on the 1994 population and housing census Report of the central statistics

Authority on Oromia, the estimated population of the wordea in 2003 was 104,093. The

urban populations constitute 3.2% and the rest rural population was showing small

urbanization of the woreda. Among the total population, female population shares

50.28% and the remaining percent goes to male population. The crude density of the

population to the woreda area in average was 83 persons per km2. The woreda sex ratio

is estimated to be 99 males per 100 females. In its age group of 0-14 the ratio is 103

males per 100 females and it is 92 males per 100 females. The household size average is

5.2 per family. The dependency ratio of the woreda is 106.

Table 2.2 Population projection from 2006 to 2020 GR is the national average for
both urban and rural, 1994 CSA.

Ziway Dugda Woreda ‘
Woreda population
Total 95,830
Male 47,179
Female 48,651
Urban Rural
Total 3,188 Total 92,642
Male 1,568 Male 45,611
Female 1,620 Female 47,031
Year Urban Rural Total
2006 3,188 92,642 95,830
2007 3,319 94,708 98,027
2008 3,455 96,820 100,275
2009 3,597 98,979 102,576
2010 3,745 101,186 104,932
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2011 3,899 103,443 107,342
2012 4,060 105,749 109,809
2013 4,226 108,108 112,334
2014 4,400 110,518 114,919
2015 4,581 112,983 117,564
2016 4,769 115,503 120,272
2017 4,965 118,078 123,043
2018 5,169 120,711 125,881
2019 5,382 123,403 128,785
2020 5,603 126,155 131,758

2.4. Water Resource
The surface water resources in the project area mainly depend on perennial rivers, which

originate from the highland areas. The rivers are characterized by lower and medium dry
season flow, so it is possible for small/medium/large scale irrigation through small
storage, reservoir or diversion weirs in conjugation. The typical example for this

irrigation is Katar River.

2.5. Soil

The common soil types exposed in the project area are fine to coarse sand, silty clay and
silty sand/silt to fine sand/fine sand. These soils are intercalating each other with variable
thickness and lateral continuity. Some of thin layers are pinch out with in a short

distance. Moreover, there is no general pattern of fining/coarsening upward sequence.

2.6. Irrigation Development in the area
There are many irrigation systems developed and to be developed by project level and

under study and design level in all over the country. Raya and Ziway irrigation projects
are examples of such irrigation projects under study in the country. Raya and Ziway
irrigation projects are found in two distinct places, but carried under Ziway and Raya

project office under WWDSE in A.A.

Ziway project is located in Oromia Region in East Shoa and Arsi Zones. The water
source is Lake Ziway. The total command area is 18,000 ha, but divided into two sites.
Site one being in Dugda woreda in East shoa Zone.Site two is located in Ziway Dugda

Woreda in Arsi zone.
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2.6.1. Existing Development
Dugda is one of the 11 woredas of East Shoa Zone in Oromia Regional state. The woreda

is found in the South western part of Dugda- Bora woreda, which has split into two

different woredas known as Dugda and Bora in September 2007.

Dugda woreda lies relatively in plainly area favorable for agricultural practice. The
woreda encompass south western part of Dugda-Bora where there is relatively no wide
area of land occupied by mountains and hills.

In Dugda woreda irrigated agriculture under taken is dominantly small scale irrigation. It
is performed mainly in 15 kebels of the woreda Covering total area of about 3, 685 ha.
Out of the total area used for irrigation 500 ha (13.57%) is used for modern irrigation
system and the number of beneficiary in this category are 1,385 and the number of
modern pumps they use count 74. On the other hand 3,158 ha of land is used for
traditional irrigation system and the number of households benefiting from this sort of
irrigation practice are 2,331hhs. And the traditional pumps used for the traditional
irrigation number 605.

According to Dugda woreda Irrigation Development Office, there are 774 households
using the lake with 131 pumps to irrigate 597 ha of land.

About 289 house hold use rivers with 42 pumps to irrigate 388 ha of land. But the
majority /2,653/ of the households use ground water to irrigate 2670 hectare of land.

The people using irrigation system have about 55 water users associations though they
are usually weak in management and unlikely to benefit members to the level expected.
Irrigation practice in the woreda can be described as at lower stage as compared to the
potential of the area. It is practiced mostly by using lower level local technology and
effective and efficient utilization of the land and water sources is not undertaken based on
proper studies.

In Ziway Dugda woreda there are numerous traditional irrigation schemes that irrigate a
total of 5268ha of land with 959 pumps. Half of them (2800ha with 505 pumps) are
found in the Lake Ziway water system.

The Woreda has a potential of 3326ha irrigable land. Currently, 894.25ha land has been

developed through modern and traditional irrigations. According to the data obtained
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from the agricultural office, schemes that irrigate 175ha modern and 189.25ha traditional

irrigations found in the project area are given in tables below.

Table 2.3 Existing Irrigation Developments (Source: Ziway Dugda Rural Woreda
Agricultural Development Office).

S.No | Water source Irrigable Irrigation Owner Remark
Area (ha) Type

1 Catar River 75 Gravity Community | Modern

2 Catar River 32 Pump Community | Traditional
3 Catar River 40 Pump Private Modern

4 Catar River* 65 Pump Community | Modern

5 Chufa 100 Gravity Community | Modern

6 Chufa 28 Pump Community | Traditional
7 Goto/Bulbula | 69 Pump Community | Modern

8 Goto/Bulbula | 70 Pump Community | Modern

9 Goto/Bulbyla | 40 Pump Private Modern

10 L.Ziway 81.25 Pump Community | Traditional
11 L.Ziway* 170 Pump Community | Modern

12 L.Ziway 76 Pump Private Modern

13 Ground water | 48 Community | Traditional
Total 894.25 * To be operational

2.6.2. Planed Development
As parts of the designed polices and strategies, Ministry of water resource has planned to

undertake large-scale pressurized irrigation feasibility study in and around Lake Ziway of
oromia region. Water works design and supervision enterprise (WWDSE), which is the
leading consultant, in association with Concert Engineering and Consulting Enterprises
PLC, has been commissioned to undertake the study. The planned Ziway irrigation is

(sprinkler and/or drip) based system, which required less water per hectare of irrigated land

(except greenhouse).

The proposed irrigation development is located in these two woredas, viz. Ziway Dugda

and Dugda, as it is justified by the previous studies and field verification. Out of the total
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proposed irrigable land, 75% is found in Dugda woreda and the rest in Ziway Dugda
Woreda.

The main objective of the planed irrigation project is to ensure food security at local level
and to produce industrial raw material and export crops through development of

sustainable irrigation systems using water from Lake Ziway.
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CHAPTER THREE

3. LITERATURE REVIEW

3.1. General

3.1.1. Water balance and lake level

The level of water losses, both real and apparent, is one of the most important efficiency
issues for water Utilities across the world. One would assume that accurate performance
indicators are used for benchmarking, international performance comparison, or target
setting for internationally funded projects. But unfortunately this is widely not the case -
utility managers, consultants and the International Lending Institutions continue to use a
very inappropriate indicator when talking about water losses.

In the mid-nineties the IWA Operations and Maintenance group has started its work on
best practice Performance indicators. Part of these efforts was a standard water balance -
a very important issue as only an accurate quantification of water losses, both real and

apparent, can form the basis for the calculation of appropriate performance indicators.

According to Steven Hostetler (March 27, 1999) the hydrologic budget of a lake reflects
interactions between processes acting on many spatial and temporal scales.
Understanding the interactions between these processes and identifying which processes
exert the greatest influence on the water balance of lakes is essential for interpreting the
detailed record of terrestrial paleo-climate change preserved in lacustrine sediments. In
addition, understanding lake-atmosphere interactions is useful for anticipating the
response of lake systems to various anthropogenic forcing, including enhanced
atmospheric greenhouse gases and decreased lake inflow resulting from diversions of
natural fiver water. Observational studies of lake systems provide important information
about Lake Hydrology [e.g., Changnon and Jones, 1972]. However, a modeling approach
is useful for Understanding interactions between lake and atmosphere processes and to
assess how lake systems may respond to various forcing. Physically based models are
only useful if they accurately portray the various climatic and hydrologic processes that

influence lake systems.

AAIT/SCEE 13



The impact of existing and proposed irrigation scheme on Hydrology of lake Ziway 2016

Sharon E. Nicholson (et al) stated the numerous lakes of East Africa are important
indicators of climatic and environmental change. Sediment cores bear evidence of
changes over geological time and historical witness of the lakes provides a wealth of
information about fluctuations on time scales of centuries. Because the lakes' fluctuations
register the pulse of rainfall variability in the equatorial tropics.

The interpretation of the past history of the lakes in terms of climate is a complex
problem. The lakes integrate conditions over large and diverse regions and, together with
the surrounding topography, they produce regional-scale climates that are superimposed
upon and interact with the large-scale patterns. Also, the conversion of lake level changes
to rainfall depends on the relative magnitude of the water balance terms, as well as on
lake geometry and basin characteristics. Thus, the climatic interpretation of the lakes'

histories requires a rigorous understanding of the water balance of each lake.

Increased demand for water associated with population growth has heightened the
importance of proper Management of limited water resources. Most of groundwater
aquifers and surface water reservoirs are connected to one another; therefore, the use of
one can affect the quantity and quality of the other. It is perhaps because of this reason
that water resource managers have taken considerable interest in quantification of the
interaction of surface water and ground water (Moench and Barlow, 2000). Incorporating
the role of bank storage flow is important for gaining insight into the surface water

quantity and quality dynamics through a water body system.

3.2. Diversion
According to Brian P. Neff and J.R. Nicholas in their study of great lake level fluctuation,

diversion of a lake is two types. The first is diverting water body from other source by
using different conveyance structure to the studied lake body (inflow to the lake), and the
second is diversion from the lake to other area by using diverted structure or by using
pumps (outflow from the lake) for different purpose such as water supply, irrigation,
hydropower etc. This amount of diverted water has great influence to determine the lake

level fluctuation and water budget.
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3.3. Types of water balance model

3.3.1. Simple water balance for a lake
The water balance equation for lakes at any time interval is a continuity equation.

According to the law of conservation of matter, there is equilibrium between inflow
components, outflow components and the change of water volume for each interval of

time. This equilibrium is described by the water balance equation (UNSECO, 1974):

IS+IG+PL-EL-OS-OG£A=AS .....c.cciviiiiinnn. (3.1)
Where

IS= Surface inflow into the lake (ISg and ISug)

IG = Ground water inflow

PL = precipitation on the surface of the lake

EL = evaporation from the lake

OS = surface out flow from the lake

OG = Ground water outflow from the lake

+ A = Abstraction (agricultural, industrial etc.)

AS = change in the water storage in the lake for the balanced period.

Water balance formulation is a multi-step process that results in the identification and
quantification of the model's components. Thus, the forecast model is formulated through
a quantitative assessment of the inflows (precipitation on Lake Surface and runoff -
gauged and un-gauged), outflows (evaporation and groundwater outflow) and storage
changes within the lake. The steps should include the specification of the water balance
"free-body," time interval, and base period (Hayes et al., 1980 and Peters, 1972) so that
the components are properly identified (Winter, 1981).

3.4. Existed and proposed irrigation scheme
From agronomy report in most developing countries including Ethiopia, agriculture is the

basis of economy for the people. However, this occupation is largely dependent on
natural rainfall that usually varies from year to year and from place to place, depending
on whether conditions, sometimes there is a high rain fall, while at other time there is a

shortage which has direct impact on rain fed agricultural production.
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As parts of the nation, Oromia Region shares equally this production failure. Farmers in
the region practices mixed farming where they raise crops and rear animals. In general
the annual GDP/ gross domestic product/ and export earnings are based on crop sector.
However the production capacity of these sectors is lagging behind the actual demand of
the nation.

On the other hand, the natural resources potential (water resources, land resources,
animal resources, etc) in most part of the region particularly in the study area is
comparatively immense. If properly developed, managed and optimally utilized, these
resources can possibly bring rapid and sustainable development to the region and
subsequently better economic contribution to the national economy. To realize this,
therefore, transformation from the present highly subsistence, unproductive and extensive
based farming culture to more intensified, diversified, modernized, and integrated socio-
economic system is now timely and crucial. To alleviate the existing development
constraints, the national government of Ethiopia has designed region based irrigation
development polices and strategies from this development the one which needs more
attention is the meki-Ziway irrigation development project which planned to irrigate a

gross area of 15500 hectare land.

3.4.1. Water abstraction / demands/
To determine the irrigation requirement that abstracted from the lake computing crop water

requirement is necessary. The method adopted for computing the crop evapotranspiration is the
procedure outlined in the revised version of cropwat window 4.3 methods. Using this method and
climatic data of Ziway station, the estimation of Erc (crop water requirement) for each crop is
undertaken first by taking the reference crop evapotranspiration /ET¢/ then applying suitable crop
coefficient /Kc/. The crop water requirement of the pattern of crops of this project was calculated

by considering the following basic formula.
ETc=Kc. ETo
Where: - ET¢: - crop water requirement mm/day
Kc: - Relating coefficient of ET¢ and ETo

ETo: - Reference crop evapotranspiration mm/day
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Crop Coefficient /K¢/

The effect of plant characteristics on crop water requirement is accounted by crop

coefficient (K¢). The K¢ values relate to the evapotranspiration of disease free crops grown

in a large field under optimum soil water and fertility condition, achieving full production

potential under a given growing environment (FAO irrigation and drainage paper Vol. 24).

Thus the correct estimation of ET.,, from reference evapotranspiration /ETo/ depends on

the accuracy of K¢ values adopted. For this project all K¢ values are taken by considering

ETo of the study area and referring FAO irrigation and drainage paper Vol. 24 and 46.

Table 3.1 proposed K¢ values of proposed crops

Crop K¢ Values
Type 1 ond 37 2™
Maize 0.30 - 1.1 0.8
Sweet corn 0.30 - 1.1 1.05
Chick pea 0.4 - 1.1 0.95
Green beans 0.35 - 1 0.85
Broccoli 0.4 - 1 0.8
Papaya 0.65 - 1 0.8
Tomato 0.45 - 1.05 0.8
Onion 0.45 - 1 0.85
Pepper 0.4 - 1.05 0.8
Eggplant 0.45 - 1.05 0.8
Watermelon 0.45 - 0.98 0.8
Table 3.2 crop water requirement
Season Month ETc(mm/d)
Dry January 5.5
February 3.7
March 2.3
April 2.8
Wet May 1.7
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June 2.2
July 1.5
August 1.0
September 1.4
Dry October 3.7
November 3.6
December 4.0

According to Butajera-Ziway area development project by ministry of water resource

(2008) the project area has a wet season from July to September, dry season from

October to January, and a season of highly variable rainfall from February to June. The

climate of the area around Lake Ziway has arid characteristics for most of the year.

However, the climate becomes more humid with increasing altitude on the rift valley

flanks constituting the catchments of rivers draining into Lake Ziway. Over 50% of the

annual rainfall is received during the 3-month wet season, rainfall distribution is variable

and long dry periods are common. The wet season winds are generally southeasterly or

south-westerly, depending on the location of low pressure convergence zone towards the

north of the country.
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Figure 3.1 Monthly Crop water requirement of the irrigation area in (mm/day)
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The water demand is one of the important engineering design data. The maximum daily
water demand or maximum daily deficit data provided by the agronomists (from
agronomic report) was adopted by the engineering design group for irrigation system

designs.

The irrigation application efficiency (E) is very important factor for calculation of the

application of the gross irrigation portion (G.L.P).

p=Grp="1E

Where:

G.I.LP=Gross daily irrigation portion or gross daily depth of application, D (mm)
N.ILP= Maximum daily deficit or net daily irrigation portion (mm)

E = Irrigation efficiency of the system (fraction)

E=0.8 -0.9 --->pressurized systems

E=0.6 ---—->surface systems (furrow)

For all hydraulic computation, the water demand of each plot is estimated and determined
based on the following formula.
AD
0= IOE
Where,
Q= Discharge to each plot (m’/hr)
A = Plotarea (ha)

D= Maximum daily crop water requirement (mm)

AT=maximum daily pumping hour

The total maximum water to be withdrawn from Lake Ziway is a limiting factor for the
design of the whole irrigation system. The value of this limiting factor has not been
changed when a decision is made to shift from pressurized irrigation system to furrow
irrigation system. Only the total irrigable land area is adjusted for the furrow irrigation

system (Phase-I) for total irrigation efficiency of 60. Then the adjusted maximum
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discharge (Qu,) values of the sub-sub-areas at the critical operation points are summed up
to determine the maximum pumping capacities of each pumping points. The computation
has been done by accounting the revised plot area (A), the maximum daily deficit (D),
and maximum daily pumping hours at the critical irrigation day, T. In revised phase-I
project, the maximum irrigation water demand values have been estimated for a
maximum daily deficit value of 5.50mm, a maximum of 18 hours pumping, and total
irrigation efficiency of 60%.

According to the Hydrological Study carried out in previous Phase I following an
assessment on the lake water balance, the proposed irrigation area is the same as in
Phase-I Pressurized, Known as A-3. It is situated on the lower terraces along the Northern
side of the lake and the lower lying parts of the Meki river delta. Geographically, it is
located at 893,000-902,000 latitude and 481,000-490,000 longitude. The altitude of the
project area lies between 1636m and 1670m a s 1

The project area encompasses plots in Kebele 2, Kebele 3, Kebele 4 and Kebele 9. It
consists of totally 45 plots. During the first phase gross area of 3870 ha (excluding
swampy areas) and net 2635ha in the design was designed considering fully pressurized
irrigation system. Now in furrow irrigation application keeping the stated application
efficiency, this net 2635 ha irrigable area becomes reduced to 1900 ha. Therefore the
assignment of revising the pressurized detail design (Phase-I) shall be carried out on this
area, 1999.7 ha.

In addition to 1999.7 ha of furrow irrigation system additional 1775 ha of land is
cultivated based on pressurized system (both by sprinklers and drip system).Finally in
first phase irrigation scheme a total of 3774.7 ha land will cultivated and the water
demand is determined.

In second phase and third phase of the proposed irrigation scheme 4668.5 and 6214 ha of
land will cultivated, this land division is based on the capacity of the adjusted pump
system of the plot, operational time of the pump, crop water requirement, the amount of
the plot (area) to be irrigated and taking efficiency of irrigation system as (0.8-0.9) the
water demand of the area is determined and applied for the water balance system.

In addition From Meki and Katar river about 4.7 Mm’/year and 9.8 Mm?/year are diverted to

irrigate 388 ha and 856 ha respectively but this irrigation area is found at upstream side from the
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gaging stations of the rivers so the water balance only take the data that recorded at the station.
Water supply demand of Ziway town and Ziway shere flower pumped irrigation is also taken into

account.

3.5. Previous work

These basins are extensively and separately studied by different researchers. Among the
works, Climate Change Impact on Lake Ziway Watershed Water Availability of Ethiopia
Lijalem Zeray (et al 2007),management of lake Ziway fisheries in Ethiopia Felegeselam
Yohannes (2003) ,ground water flow system and hydrochemistry of Ziway corroder in
the main Ethiopian rift Abiyu Kebede(2007), Effects of Irrigation Practices and
Lacustrine Aquifer Development on Water Availability in Ziway-Abijata Corridor
Tibebu Terefe (2007), Zooplankton community structure, population dynamics and
production and its relation to abiotic and biotic factors in Lake Ziway Ethiopia Adamneh
Dagne (2010).

In addition to the above researchers, more valuable works related to the Ziway Lake and
its contributing rivers were studied in depth by different researchers as follow

According to ziway-abiyata-langano hydrology study (2007) the major study regarding
Lake Ziway development was made in 1976 by Land Resources Division, Ministry of
Overseas Development, entitled “Prospects for irrigation development around Lake
Ziway, Ethiopia”. The second significant study on the water resources of the Rift Valley
was made by Halcrow & ULG in 1992 as part of the Reconnaissance Master Plan for the
Development of the Natural Resources of the Rift Valley Lakes Basin.

3.5.1. Land Resources Divisions (1976)
According to this study observed that the headwater of Meki river starts at an altitude

about 3 000 m, and rapidly descends the rift valley escarpment to below 2 000 m before
being joined by several major tributaries, including the Lebu, the Akomoja and the Weja.
Downstream of its confluence with the Weja, the Meki is incised in a steep-sided valley
until it reaches Meki Town at the head of its delta. Thereafter, the Meki river meanders
for 15 km between slightly raised natural levees through deltaic alluvium before entering

Lake Ziway at an average elevation of 1636 m.
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According to this study In an average year, the contributions to the Lake from the Meki
and Katar rivers and from rainfall on the Lake surface amounts to 1500 million m3, while
the outflow through the Bulbula river to Lake Abiyata is 210 million m®. About 940

million m® of flow is lost by evaporation from the Lake Ziway.

3.5.2. HALCROW and ULG (1992) Reconnaissance Master Plan for the Development
of the Natural Resources of the Rift Valley Lakes
HALCROW and ULG (1992) indicated that in terms of the potential for water resources

exploitation, Meki-Ziway-Abiyata sub-basin is considered a most important area in the
Rift Valley. A water balance model showed that the estimated median inflow (or 50%
exceedance probability flow) into Lake Ziway is 297 Mm® and 405 Mm® annually from
Meki and Katar rivers respectively totaling 702 Mm® each year compared with an annual
average of 721 Mm’; median spill to Lake Abiyata is estimated at 82 Mm’, the
corresponding average annual volume is 121 Mm® and the annual surface water

evaporation rate in the Ziway-Abiyata area is estimated at 2350 mm.

3.5.3. MekKiirrigation and rural development Project in Oromia Region, Ethiopia by
JICA and OIDA (2000)
According to ziway-abiyata-langano hydrology study (2007) This study was a

comprehensive study on Meki irrigation and rural development by constructing a dam
(about 40 m high) located 48 km upstream from Lake Ziway or a diversion weir on Meki
river upstream of Meki town (alternative one 2.5 km upstream of Meki town and
alternative two is about 2 km upstream of the confluence point of the Meki river and Deki

river).

The water balance study linked with the Meki-Ziway-Abiyata system was carried out
under alternative cases (i) proposed dam and (ii) diversion dam on the Meki river. The

model was calibrated based on 1979-1999 data.

The result showed that Ziway lake storage will reduce by 2.3% with diversion scheme,
and by 25.3% with dam of 40 m height. The study concluded that there is possibility of
development of 3200 ha area with gravity for 110% cropping intensity on the Meki river

(diverting about 23 Mm3/year), and ruled out Meki dam based irrigation development.
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3.5.4. Lake Abiyata study by Dagnachew and et al (2004)
Dagnachew et al (2004) made an analysis of the hydrological response of a tropical

terminal lake, Lake Abiyata (Main Ethiopian Rift Valley) to changes in climate and
human activities. The objectives of this paper were (i) to study the natural variability of
lake level and salinity using dynamic lake water and chemical mass balance models
coupled with catchment-scale hydrological modeling and (ii) to investigate the impacts of
climate change and human activity on lake level and salinity by using sensitivity analysis.
Lake Abiyata belongs to the Ziway—Shala basin (14,120 km2), which contains four lakes
of decreasing elevation and increasing salinity (Lakes Ziway: 1636 m a.s.l., 9 m deep, 0.4
g /L; Langano: 1585 m a.s.l., 46 m deep, 1.8 g/; L Abiyata: 1577 m a.s.l., 10 m deep, 18 g
/L; Shala: 1558 m a.s.l., 256 m deep, 19 g/L).

3.5.5. Assessment of Lake Ziway water balance by Amare (2008)
Amare (2008) made an assessment of water balance for lake ziway which is found in the

main Ethiopian rift valley. According to this study In a year, the contributions to the Lake
from the Meki river was about 277.8 MCM, the contributions to the Lake from Katar
rivers was about 401.3 MCM, the contributions to the Lake from the runoff from the
ungauged catchments considered in this study is only in the rainy seasons and the
estimated amount is about 106.8MCM, lake Ziway areal rainfall was about 737.41mm
while the outflow through the Bulbula river to Lake Abiyata is 161.3MCM and About

2019.2mm of flow is lost by evaporation from the Lake Ziway.
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CHAPTER FOUR

4. HYDRO METEOROLOGICAL DATA ANALYSIS

4.1. Metrological data
4.1.1. Rainfall data analysis
The Ziway-Langano-Abiyata sub-basin (northern part of the Rift Valley Basin) is
relatively well gauged as compared to middle and southern part. Figure 4.1- shows the

location of these gauging stations with their corresponding delineated catchment area
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Figure 4.1 Discharge and lake level gauging locations (ziway-langano-abiyata
hydrology study))
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Rainfall data from 27 stations in and around Ziway-Langano-Abiyata lakes sub-basin
have been collected by national meteorological agency to make the irrigation scheme
consistent. Their record length varies and nearly all stations have missing data(see figure
3.2).It must be necessary to fill this missing data by using appropriate method.to prepare

the rainfalls data for further application of the lake and catchment water balance estimate.

The consistency of point rainfall measurement on the station is checked. Encoded data
have been examined for obvious outlier (often caused by encoding error) using time
series plot and some outliers have been removed after checking with original hard copy
data(Ziway-meki hydrology report). Time series plot also used to identify non-

stationarity of data, which are not found.
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Figure 4.2 Percent of missing monthly data over the period 1963-2005(From Ziway-
langano-abiyata hydrology report).
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4.1.1.1. Estimating Missing Data
The rainfall amounts at a certain rain gauges for a certain months may be missing due to
the absence of some observer, instrumental failures and mis-location of gauge station. In

such cases, it is needed to estimate the missing rainfall amount by appropriate method.

There are different approach for estimating missing rainfall data this difference is based
on the effect of orography on rainfall, distance between the rainfall station and the

variation of rainfall recorded in the station.

The method adopted for computing the missing rainfall data for Ziway catchment is the
Normal Ratio method which is recommended to estimate missing data in regions where
annual rainfall among stations differ by more than 10%. This method is used to fill in
missing data on rainfall station in the study area since the difference in annual rainfall
between most of the station exceeds 10% due to large elevation difference between the
stations.

This method enables to estimate missing data by weighting the observation at G gauge

number by their respective annual average rainfall value as expressed by equations

1 Po
po = C * @ *Dg
Where po =the missing data

Po =the annual average precipitation at the gage with missing data

Pg =annual average of neighbouring station ,g

Pg =monthly rainfall data in station for the sam