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GIS BASED SURFACE IRRIGATION POTENTIAL ASSESSMENT OF
RIVER CATCHMENTSFOR IRRIGATION DEVELOPMENT IN DALE
WOREDA, SIDAMA ZONE, SNNP

ABSTRACT

Assessing available land and water resources fogation is important for planning their
use. This study was initiated with the objectiveasdessing the water and land resources
potential of river catchments in Dale Woreda ofddng Zone for irrigation development and
generating geo-referenced map of these resourcassiog Geographic Information System.
Watershed delineation, identification of potentraigable land, and estimation of irrigation
water requirement and surface water resources\arrcatchments were the steps followed to
assess this irrigation potential. Results of theesshed delineation lead to gave two main
watersheds (Bilate and Gidawo) and four sub-watedshon Gidawo (Dama, Raro, Wamole
and Woyima). To identify potential irrigable landigation suitability factors such as soil
type, slope, land cover/use, and distance frommgtpply (sources) were taken into account.
The irrigation suitability analysis of these factdndicate that 86 % of soil and 58 .5 % slope
in the study area are in the range of highly sugabo marginally suitable for surface
irrigation system. In terms of land cover/use, 8%.@f land cover/use are highly suitable
where as 12.9% were restricted from irrigation depenent. Overall, the weighted overlay
analysis of these factors gave potential irrigabkdd among river catchments as Bilate
(3,621.6 ha), Dama (552.7 ha), Gidawo (7,265.6 Ray,0 (693.35 ha), Wamole (1,511.3 ha)
and Woyima (805.66 ha). To grow on these identifiedable areas, two crops such as
banana and sugarcane were selected and their gragation demand calculated by using
nearby climatic stations. The result revealed tlaigation requirements of identified
command area varies according to nearby climatatish and type of crops selected. The
discharges at un-gauged sites were estimated fraunge sites by applying runoff coefficient
method and results were obtained on monthly bd&gsomparing gross irrigation demand
of irrigable land with available flow in rivers, tal surface irrigation potential of the study
area was obtained as 14089.55 ha. In conclusiaigdtion potential from this figure can be
increased by using sprinkler and drip irrigation tineds.

XV



1. INTRDUOCTION

Ethiopia depends on the rainfed agriculture withiteéd use of irrigation for agricultural
production. It is estimated that more than 90%hef food supply in the country comes from
low productivity rainfed smallholder agriculturecahence rainfall is the single most important
determinant of food supply and the country’s econdBelete, 2006). The major problem
associated with the rainfall-dependent agriculiaréhe country is the high degree of rainfall
variability and unreliability. Due to this varialbyl, crop failures due to dry spells and droughts
are frequent. As a consequence, food insecuritgnoftrns into famine with the slightest

adverse climatic incident, particularly, affectitig livelihoods of the rural poor.

With declining productivity in rain fed agricultueend with the need to double food production
over the next two decades, water has been recabaigdhe most important factor for the
transformation of low productive rain-fed agricu#uinto most effective and efficient irrigated
agriculture (FAO, 1994). It is obvious that theliméition of water resources in irrigated
agriculture provide supplementary and full seagogation to overcome the effects of rainfall
variability and unreliability. Hence, the solutidar food insecurity could be provided by
irrigation development that can lead to securityrégucing variation in harvest, as well as

intensification of cropping by producing more tr@re crop per year.

In this regard, sustainable food production thah dze expected through an optimal
development of water resources, in conjunction wdévelopment of land depends on the
method of irrigation considered (FAO, 2003). Thewethods, however, can be broadly
classified into three categories: surface (basindér, and furrows), sprinkler, and drip /micro-
irrigation/ methodsSurface irrigation is the application of water bgty flow to the surface

of the field, either the entire field is floodeda@in irrigation) or the water is fed into small
channel (furrow) or strip of land (borders). Ittise oldest and still the most widely used

method of water application to agricultural lands

Surface irrigation offers a number benefits for lbes skilled and poor farmers. Under such

circumstances, more than 90% of the world usesseaifrigation, even if local irrigators have



least knowledge of how to operate and maintainsystem (Saymen, 2005). Furthermore,
these systems cdre developed at the farm level with minimal capitelestment. The major
capital investment on surface system is mainly @ased with land grading, but if the
topography is not too undulating, these costs ave mgh. Hence, surface irrigation
development requires favorable topography and médion on land and water resources for
proper planning (FAO, 1995).

Therefore, planning process for surface irrigatites to integrate information about the
suitability of the land, water resources availapiind water requirements of irrigable areas in
time and place (FAO, 1997). Determining the suliigbof land for surface irrigation requires
thorough evaluation of soil properties and topobyafslope) of the land within field (Faset

al, 2008). Since all kinds of rural land are involvied different land cover/use types, its
suitability evaluation for surface irrigation alpoovides guidance in cases of conflict between
rural land use and urban or industrial expansigrinbicating which areas of land covers /uses
are most suitable for irrigation (FAO, 1993). Thetability of the land must also be evaluated
on condition that water can be supplied to it. Vakime of water obtainable for irrigation will
depend on the outcome of hydrological studies dfasa water (FAO, 1985). The amount of
runoff in river catchments with limited stream flodata can be determined from runoff
coefficient of gauged river basin (Goldsmith, 20@F-ID, 2004; Sikka, 2005). After the
amount of river discharges both gauged and un-ghagequantified, an important part of the
evaluation is the matching of water supplies antewdemand (requirement) (FAO, 1977b).
Irrigation water supplies and their requirements #rerefore, important physical factors in

matching the available supply to the requirements.

However, these factors should be assessed in agrateéd manner, geo-referenced and
mapped for surface irrigation development possiedi With an adequate database,
Geographic Information Systems (GIS) can serve pavweerful analytic and decision-making

tool for irrigation development (Aguilar-Manjarrend Ross, 1995). Large area extent of GIS
as well as its ability to collect store and mangpelvarious types of data in a unique spatial
database, helps performing various kinds of amalgsid thus, extracting information about

spatially distributed phenomenbn this kind of situation, the factors that are atwed for



irrigation potential assessment such soil, lanceooge, land slope and distance between water
supply and suitable command area should be weigated evaluated by the use of GIS

according to their suitability for irrigation.

In Dale Woreda there are six perennial rivers: Gidawo, Bilatardz Wamole, Dama, and
Woyima rivers. Despite this large number of rivexgploitation of their water resources for
irrigated agriculture has remained low in #M@reda The water resources of these rivers have
been serving as sources of water for industrial(os&ee processing industries) and domestic
water supply. The efforts to establish small anddascale irrigation schemes in tiéoreda
are constrained by a number of uncertainties. lfFirstream flows from some of the rivers are
not known. Secondly, potential irrigable areashe Woredahave not been identified and

matched with the water requirements of some cropswonly grown in th&Voreda

Therefore, to overcome these uncertainties, thidystvas carried out by using GIS as a tool
for assessing irrigation potential in Daloredausing input data from soil, digital elevation
model (DEM), and satellite image (SPOT5) and gderemcing and mapping of the
assessment result in the context of surface irdgatdevelopment in the study area.
Furthermore, the study attempted to estimate watsmurce potential of the river catchments
in the Woreda and the irrigation water requirements of the idmat irrigable areas for
cultivating some selected crops in the area.

The main objective of this study was to assessvdier and land resources potential of river
catchments for surface irrigation in DaMoreda,ranking as well as providing geo-referenced

map of these resources, by using Geographic Infaom&ystem (GIS).

The specific objectives of the study include:
i. to delineate main river catchments, and sub catalsrusing GIS from digital elevation

model (DEM), and estimating their surface wateeptal,

ii. toidentify available irrigable land in the arealastimate total irrigation water

requirement for surface irrigation method from edehneated river catchments, and



ii. to provide geo-referenced map of two resourcesgwatd land resources) and rank the
identified irrigable areas among the river catchtseffor future planning and

development possibilities.



2. LITERATURE REVIEW

2.1. Definition of Irrigation Potential

The definition of irrigation potential is not stgaitforward and implies a series of assumptions
about irrigation techniques, investment capacigtjomal and regional policies, social, health
and environmental aspects, and international cglghips, notably regarding the sharing of
waters. However, to assess the information on éartblwater resources at the river basin level,
knowledge of physical irrigation potential is nes&ay. The area which can potentially be
irrigated depends on the physical resources ‘and' ‘water’, combined with the irrigation
water requirements as determined by the croppittgnoa and climate. Therefore, physical
irrigation potential represents a combination ofoimation on gross irrigation water
requirements, area of soils suitable for irrigateord available water resources by basin (FAO,
1997).

2.2.1rrigation Potential in Ethiopia

The estimates of the irrigation potential of Ethégopary from one source to the other, due to
lack of standard or agreed criteria for estimatmigation potential in the country. The earlier
report, for example from the World Bank (1973),wkd the irrigation potential at a lowest of
1.0 and 1.5 million hectares, and a highest of miion hectares. There have also been
different estimates of the irrigation potential Ethiopia. According to the Ministry of
Agriculture (1986), the total irrigable land in tlkeuntry measures 2.3 million hectares. The
International Fund for Agricultural Development AB, 1987), on the other hand gives a
figure 2.8 million ha. A total of 3.7 million ha dabeen identified as potentially irrigable land
by MoWR (2002). Most of these figures are derivgdatdding up the irrigation potential of the

country’s twelve river basins (Silest al, 2007) as shown in Table.1 below.



Table 1: Irrigation potential in the river basirfssthiopia

Irrigation potentials (Ha) Irrigation Potential
(Respective recent master plan studies) (WAPCOS)199
Percen
Catchment Area Small- Medium- Total Drainage Irrigable Irrigable Area

Basin (Km2) scale scale Large-scale  Total Area (km2) Area (Ha) of the Country
Abbay 198,890.70 45,856 130,395 639,330 815,581 ,3261 1,001,000 27
Tekeze 83,475.94 N/A N/A 83,368 83,368 90,001 8aa, 8.5
Baro-Akobo 76,203.12 N/A N/A 1,019,523 1,019,523 ,1p2 9,85,000 26.5
Omo-Ghibe 79,000 N/A 10,028 57,900 67,928 78,213 45,000 12
Rift Valley 52,739 N/A 4000 45,700 139,300 52,739 ,391000 3.7
Awash 110,439.30 30,556 24,500 79,065 134,121 972,6 2,05,000 5.5
Genale Dawa 172,133 1,805 28,415 1,044,500 1,004,72 117,042 4,23,000 11.4
WabiShebele 202,219.50 10,755 55,950 171,200 237,90 102,697 200,000 5.4
Denakil 63,852.97 2,309 45,656 110,811 158,776 o,1
Ogaden 77,121 77,121
Ayishe 2,00(¢ 2,00(¢
(Gulf of Aden)
Total 1,118,074.53 3,731,222 982,060 3,715,000 00 1

Source: IWMI Working paper 123: Water resources larigation Development in Ethiopia



Ethiopia, indeed, has significant irrigation potaehtassessed both from available land and
water resources potential, irrespective of the lafckccurate estimates of potentially irrigable

land and developed area under irrigation.

2.3.Irrigation Land Suitability Evaluation Factors

Land suitability is the fitness of a given type lahd for a defined use. The land may be
classified in its present condition or after impements for its specified use. The process of
land suitability classification is the appraisatlagrouping of specific areas of land in terms of
their suitability for defined uses (FAO, 1976).

Land evaluation is primarily the analysis of dat@at the land —its soils, climate, vegetation,
and etc in terms of realistic alternatives for impng the use of that land. For irrigation, land
suitability analysis, particular attention is givemthe physical properties of the soil, to the
distance from available water sources and to ttraiteconditions in relation to methods of
irrigation considered (FAO, 2007). In addition tese factors, land cover/land use types are
considered as limiting factors in evaluating stiltgbof land for irrigation (Haile Gebrie,
2007; Meron, 2007). As extensively discussed in Fla@d evaluation guidelines (FAO,
1976, 1983, 1985), the suitability of these factinssurface irrigation method and for the
given land utilization types can be expressed spording to the following suitability

classes.

Order S- suitability. The classes under thisorder are:

*S1 (highly suitable) - land having no significaimhitation to sustained application of a

given use.

*S2 (moderately suitable) - land having limitatiomigh in aggregate are moderately

severe for a sustained application of a given use.



*S3 (marginally suitable) - land having limitatiorhieh in aggregate are severe for a

sustained application of a given use and will redoi@ductivity or benefits.

Order N suitability classification

*N1 (temporarily not suitable) - land having limitats which may be surmountable in
time but which cannot be corrected with existing\wiedge at currently acceptable
cost.

*N2 (Permanently not suitable) - land having limdas which appear as severe as to

preclude any possibilities of successful sustaimelof the land of a given land use.

The factors considered for surface irrigation landability evaluation are narrated separately
in subsequent sub-sections.

2.3.1. Slope

Slope is the incline or gradient of a surface andammonly expressed as a percent. Slope is
important for soil formation and management becafsiés influence on runoff, drainage,
erosion and choice of irrigation types. The slopsdgent of the land has great influence on
selection of the irrigation methods. According @ standard guidelines for the evaluation
of slope gradient, slopes which are less than 2&yery suitable for surface irrigation. But
slopes, which are greater than 8%, are not gegegsibmmended (FAO, 1999)

2.3.2. Sails

The assessment of soils for irrigation involvesnggproperties that are permanent in nature
that cannot be changed or modified. Such propen®ade drainage, texture, depth, salinity,
and alkalinity (Fasinaet al, 2008). Even though salinity and alkalinity hazagbssibly
improved by soil amendments or management practiseg could be considered as limiting

factors in evaluating the soils for irrigation (FAD97). Accordingly, some soils considered



not suitable for surface irrigation could be suiator sprinkler irrigation or micro-irrigation

and selected land utilization types.

2.3.3. Land cover or land use

Land cover and land use are often used interchdhgedowever, they are actually quite
different. The GLCN (2006) defines land cover as dlvserved (bio) physical cover, as seen
from the ground or through remote sensing, inclgdwegetation (natural or planted) and
human construction (buildings, roads, etc.) whioker the earth's surface. Water, ice, bare
rock or sand surfaces also count as land cover.ederythe definition of land use establishes
a direct link between land cover and the actionpeaple in their environment. Thus, a land
use can be defined as a series of activities uskkEmtto produce one or more goods or
services. A given land use may take place on anmooe than one, pieces of land and several
land uses may occur on the same piece of landniflefis of land cover or land use in this
way provide a basis for identifying the possibledasuitability for irrigation with precise and
quantitative economic evaluation. Therefore, maighof existing land cover/use with
topographic and soil characteristics to evaluated Iguitability for irrigation with land
suitability classes, present possible lands for agwcultural production (Jaruntoret al.,
2004).

2.3.4. Water availability

It is important to make sure that there will belack of irrigation water. If water is in short
supply during some part of the irrigation seasawop groduction will suffer, returns will
decline and part of the scheme's investment will ithe (FAO, 2001). Therefore, water
supply (water quantity and seasonality) is the irtgpu factor to evaluate the land suitability
for irrigation according to the volume of water ihgr the period of year which it is available
(FAO, 1985). Quantifying the amount of water avalgafor irrigation and determining the
exact locations to which water can be economida#igsported are important in the decision
to expand its use. Where possible, the water sopreéerred to be located above the
command area so that the entire field can be tetyay gravity. It is also desirable that the

water source be near the center of the irrigated & minimize the size of the delivery
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channels and pipelines. Therefore, distance frotemsources to command area, nearness to
rivers, is useful to reduce the conveyance systgiggtion canal length) and thereby develop

the irrigation system economical (Silesh, 2000).

2.4. Overview of GISApplication

A Geographic Information System (GI&) computer software used for capturing, storing,
querying, analyzing, and displaying geographicalgferenced data (Goodchild, 2000).
Geographically referenced data are data that desboth the locations and characteristics of
spatial features such as roads, land parcels, egetation stands on the Earth's surface. The
ability of a GIS to handle and process geograplyicaferenced data distinguishes GIS from
other information systems which are the other imfation system. It also establishes GIS as a
technology important to a wide variety of applioas.Clearly, the increased availability of
large, geographically referenced data sets andowegr capabilities for visualization, rapid
retrieval, and manipulation inside and outside adfS Gwvill demand new methods of
exploratory spatial data analysis that are spetifidailored to this data-rich environment
(Wilkinson, 1996; Gahegan, 1999). Using GIS databasore up- to-date information can be
obtained or information that was unavailable befoaia be estimated and complex analyses
can be performed. This information can result better understanding of a place, can help to
make the best choices, or prepare for future evants conditions. The most common
geographic analyses that can be done with a GlS$iamated separately in the subsequent

sub-sections.

2.4.1. Mapping

The main application in GIS is mapping where thiagsand editing tasks as well as for map-
based query and analysis (Campbell, 1984). A mapdasmost common view for users to
work with geographic information. It's the primaapplication in any GIS to work with
geographic information. The map represents geograpformation as a collection of layers
and other elements in a map view. Common map elesmeciude the data frame containing
map layers for a given extent plus a scale bathrarow, title, descriptive text, and a symbol

legend.
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2.4.2. Weighted overlay analysis

Weighted overlay is a technique for applying a canmmeasurement scale of values to diverse
and dissimilar inputs to create an integrated amalyGeographic problems often require the
analysis of many different factors using GIS. Fuwstance, finding optimal site for irrigation

requires weighting of factors such as land coviepes soil and distance from water supply
(Yang Yi, 2003). To prioritize the influence of sefactor values, weighted overlay analysis
uses evaluation scale from 1 to 9 by 1. For exaglealue of 1 represents the least suitable
factor in evaluation while, a value of 9 represetite most suitable factor in evaluation.

Weighted overlay only accepts integer rasters pstjrsuch as a raster of land cover/use, soill
types, slope, and Euclidean distance output to §unitlable land for irrigation (Janssen and
Rietveld, 1990). Euclidean distance is the straligiet from the center of the source cell to the

center of each of the surrounding cells.

2.4.3. Water shed ddlineation

A watershed can be defined as the catchment ar@@@inage basin that drains into a common
outlet. Simply, watershed of a particular outletdefined as an area, which collects the
rainwater and drains through gullies, to a singléled. Delineation of a watershed means
determining the boundary of the watershed i.e.elidg. GIS uses DEMs data as input to
delineate watersheds with integration of Arc SWATbgy hydrology tool in Arc GIS spatial
analysis (Winchelet al,, 2008).

2.4.4.GlSasatool for irrigation potential assessment

In the past, several studies have been made ®ssagke irrigation potential and water
resources by using GIS tool (FAO, 1987; FAO, 198B0O, 1997; Melaku, 2003; Negash,
2004; Hailegebriel, 2007; Meron, 2007).

FAO (1987) conducted a study to assess land anerweasources potential for irrigation in
Africa on the basis of river basins of countrigswvas one of the first GIS based studies of its

kind at a continental level. It proposed naturaorgce-based approach to assess irrigation
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potential. Its main limitations were in the seniyi of criteria for defining land suitability for

irrigation and in water allocation scenarios neefbecdomputation of irrigation potential.

Another study was conducted by FAO (1995), as plathe AQUASTAT programme, which
Is a program for country wise collection of secaydmformation on water resources and
irrigation. A survey was carried out in all Africaountries, where information on irrigation
potential was systematically collected from magpéans and sectoral studies. Such an
approach integrates many more considerations thsimple physical approach to assessing
irrigation potential. However, it cannot account the possible double counting of water
resources shared by several countries.

FAO (1997) has studied the irrigation potentialAdfica taking into consideration the above
limitations. It concentrated mainly on quantitatagsessment based on physical criteria (land
and water), but relied heavily on information cotexl from the countries. A river basin
approach had been used to insure consistencyeatand basin level. Geographic Information
System (GIS) facilities were extensively used fbis tpurpose. In this study, a physical
approach to irrigation potential was understoodsating the global limit for irrigation
development.

Melaku (2003) carried out study on assessment rafalron potential at Raxo dam area
(Portugal) for the strategic planning by using R&m&ensing (RS) and Geographic
Information System (GIS). This study consideredydhke amount of available water in dam
and topographic factor (slope) in identifying pdtahirrigable sites in downstream side of the

dam.

Negash (2004) conducted a study on irrigationability analysis in Ethiopia a case of
Abaya-Chamo lake basin. It was a Geographical mé&tion System (GIS) based and had
taken into consideration soil, slope, land usewatkr resource availability in perennial rivers

in the basin to identify potential irrigable land.
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Hailegebriel (2007) conducted a study on Irrigatpwiential evaluation and crop suitability
analysis using GIS and Remote sensing techniquBglies sub basin, Beneshangul Gumuz
Region. The study considered slope, soil, land idase, water resources and climate factors

in evaluating surface irrigation suitability.

Meron (2007) carried out similar work on surfacegation suitability analysis of southern
Abay basin by implementing GIS techniques. Thigdgtwconsidered soil, slope and land
cover /use factors to find suitable land for irtiga with respect to location of available water
resource and to determine the combined influencthede factors for irrigation suitability

analysis, weighted overlay analysis was used inR.

2.5. Application of Remote Sensing

Remote Sensing refers to the technique of obtaimfaymation about an object or feature
through the analysis of data acquired by a dewieg¢ is not in contact with the object or
feature under investigation (Lille sand and Kief@894). This is done by sensing and
recording reflected or emitted energy and processianalyzing, and applying that
information. In much of remote sensing, the prodéegslves an interaction between incident
radiation and the targets of interest. Remote &grtseichnology produces an authentic source
of information for surveying, identifying, classifyy, mapping, monitoring, and planning of
natural resources and disasters mitigation, prejpass and management as a whole. Remote
sensing is a technology that has close tie to &Enote sensing can provide timely data at
scales appropriate to a variety of applicationssAsh many researchers feel that the use of
GIS and RS can lead to important advances in relseard operational applications. Merging
these two technologies can result in a tremendotrgease in information for many kinds of
users. Land cover/use mapping is one of the mgsbritant and typical applications of remote
sensing (Lillesand, 200). Land cover correspondshéo physical condition of the ground
surface, for example, forest, grassland, concreteement etc. Land use reflects human
activities such as the use of the land, for exampidustrial zones, residential zones,

agricultural fields etc
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2.6. Review of Commonly Used GI S and Remote Sensing Data.

Geographic Information System (GIS) can integragenBte Sensing and different data sets to
create a broad overview of potential irrigable an#ile the remotely sensed image of an
area gives a true representation of an area basthd cover / use, grid interpolated climate
data can serve many purposes and used as clinaditidodse where meteorological data from
gauging networks are not adequate. The topogragiichydrologic attributes of land and
landscape such as slope, aspect and watershedimgodeh be derived directly from the
DEM. They are point elevation data stored in digi@mputer files. The detailed review of

these data is provided in the following sections.

2.6.1. Spatially interpolated climate data on grids

These data are referred to as the ‘WorldClim’ dasab The WorldClim dataset created by
(Hijmans et al, 2003; Jones and Gladkov, 2003; Pagtaal, 2004) are used in many
applications, particularly in environmental, agitatal and biological sciences (Hijmaes

al., 2005). With this dataset, several analyses bgnsmef GIS can be performed. These data
were compiled based on monthly averages of climatmeasured at weather stations from a
large number of global, regional, national, andalosources, mostly for the 1950-2000
periods with spatial resolution of 30 arc-second$ km resolution. WorldClim provides high
resolution monthly maximum ), minimum (ki,), and mean temperatures.), and
monthly precipitation (prec).

2.6.2. Satelliteimagery

Remotely sensed satellite data are familiar to G$8rs. The utility of different remote
sensing data from different satellites have beemaihstrated in many fields such as
agriculture, cartography, civil engineering, enuimeental monitoring, forestry, geography,
water resources management, land resources anatgsiand use planning.

The use of satellite images in any of fields mergob above, demands the knowledge of the

different bands that each sensor system onboaetlitest use to take the imagery and how

14



these bands of the electromagnetic spectrum iritan#tt land surface features and with that
of the atmosphere (Lemlem, 2007). All types of ligge vary with their sensors, flight
height, bands, and spatial resolution, spectrabluéien, etc. The spatial resolution of a
satellite image relates to the ground pixel siz®. é&xample, a spatial resolution of 30 meters
means that each pixel in the satellite image cpaoeds to a ground pixel of 900 square
meters. The pixel value, also called the brightnedse, represents light energy reflected or
emitted from the Earth's surface (Jensen 1996edalhd and Kiefer, 2000). The measurement
of light energy is based on spectral bands fronoraticuum of wavelengths known as the
electromagnetic spectrum. Panchromatic images amgpised of a single spectral band,
whereas multispectral images are comprised of plelbands.

As there are many satellites in the space providengote sensing data, their application will
vary with their way of data acquisition. The mospplar satellites are the land sat and SPOT.
Land sat operated by the National Aeronautics gmatc& Administration (NASA) with the
cooperation of the U.S. Geological Survey (USGSinces early 1970s till 2003, have
produced the most widely used imagery worldwidehvd0,30 and 15m spatial resolutions
(Blundell and Opitz, 2006).

SPOT (Systeme Pour I'Observation de la Terre) serées of Earth observation imaging
satellites designed and launched by CNES (Centt@oma d'Etudes Spatiales) of France,
with support from Sweden and Belgium. SPOT-1 wasdaed in 1986, with successors
following every three or four years. SPOT was destjto be a commercial provider of Earth
observation data, and it is available with différezsolutions such as 10m, 5m and 2.5m on
the market. SPOT has a number of benefits over @paceborne optical sensors. Its fine
spatial resolution and point able sensors are threapy reasons for its popularity (Zhang,
2002). The three band multispectral data are watéd to displaying as false-colour images
and the panchromatic band can also be used top&stiathe spatial detail in the multispectral
data. SPOT allows applications requiring fine spatietail (such as urban mapping) to be
addressed while retaining the cost and timelinebsrstage of satellite data. The potential
applications of SPOT5 data are numerous. Applioatioequiring frequent monitoring

(agriculture, forestry) are well served by the SB&Ensors. The acquisition of stereoscopic

15



imagery from SPOT5 has played an important rolemiapping applications and in the
derivation of topographic information (Digital Ekvon Models - DEMs) from satellite data
(Kakiuchiet al, 2003).

2.6.3. Digital elevation model (DEM)

DEMs are point elevation data stored in digital poter files. These data consists of x, y grid
locations and point elevation or z variables. Theg generated in a variety of ways for a
different map resolutions or scales. Under an agee¢ with the National Aeronautics and
Space Administration (NASA) and the Department oéfdhse’s National Geospatial
intelligence Agency (NGA), the US Geological SurgeA\sGS) distribute elevation data from
the Shuttle Radar Topographic Mission (SRTM). SauRadar Topography Mission (SRTM)
obtains elevation data on a near-global scale withdar system that flew onboard a space
shuttle. For most parts of the world, this data melvides a dramatic improvement in the
availability of high-quality and high-resolutionesition data (Jarvist al, 2004). Digital
Elevation Models (DEM) is a commonly used digitevation source and an important part
of using for watershed characterization. Many agenprovide DEM data with 90-m, 30-m
and 10-m resolutions. The point elevation datavary useful as an input to the GIS. This
data is used to yield important derivative prodwstish as slope, aspect, flow accumulation,

flow direction and curvature in process of watedstielineation.

2.7. Assessment of Water Resour ces

Assessment of water resources can only be ddvesat level (FAO, 1997). According to the
CA (2007), “river basins are the geographic areatained within the watershed limits of a
system of streams and rivers converging towardstérae terminus, generally the sea or
sometimes an inland water body. Tributary sub-lzagin basins more limited in size
(typically from tens of square kilometers to 1,08Quare kilometers) are often called
watersheds (in American English), while catchmsrftequently used in British English as a
synonym for river basins, watershed being moreowdyr defined as the line separating two

river basins.
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An important consideration in water resource assens is to estimate how much flow is
available at the outlet of river catchmenthe volume of water reliably available on an
annual or seasonal basis can be determined froravthitable data in case of gauged rivers
and for completely ungauged rivers the runoff desfft method can be employed
(Goldsmith, 2000). According to DFID (2004), when this is the casesnttdata from the
gauging site should be used to estimate mean anmaff (MAR) at unguaged site, provided

that the requirements set out below are met

i. Catchment characteristics should be similar,
ii. The distance between the centroids of the catchavsiatuld be less than 50 km,

lii. At least ten years of mean monthly flows shoulcbailable.

Otherwise, the simplest method of estimating meamual runoff in un-gauged site was
established in applying a runoff coefficient to thean annual rainfall as shown below in the
following steps.

a. Determine the mean annual runoff (mm) at the gdusge as

MAR , = K UMAP 2.1

Where:
MARg = Mean annual runoff at gauged site (mm)

MAP = Mean annual precipitation at gauged site (mm)

_MAR,
~ MAP

2.2

K = Runoff coefficient at gauged site

b. Determine the MAR at ungaauged site as
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MAR y = K OMAP, 2.3

MAR ;= Mean annual runoff at un-gauged site (mm)

The mean annual or monthly runoff depth obtainechfequitation (2.3) at un-gauged site can
be converted to mean monthly runoff consideringerage areal monthly rainfall and
catchment area of both gauged and ungauged saessiiid, 2003). Estimation of areal
rainfall over a given catchment is therefore, usédu estimating the total runoff generated
from the entire catchment. There are several mstbbdetermining the spatial distribution of
rainfall, and all of them vyield slightly differemariations of rainfall patterns across an area.
The Thiessen method is a widely recognized schemeep to be reasonably accurate for
estimating areal precipitation distributions. Thigmary assumption in the Thiessen method is
that areas closest to a precipitation station aostriikely to experience similar rainfall
conditions to those measured at the station locg@howet al, 1988). Thiessen polygons
can be constructed using the GIS to determine {bediad distribution of storms for
computation of spatially variable excess rainf@tids of rainfall can also be computed and

mapped for selected storm events (Melesse, 2002).
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3. MATERIALSAND METHODS
3.1. Description of the Study Area
3.1.1 Location

The study was conducted in DaMoredawhich is located between 6°27'00" - 6° 51'00" N
latitudeand 38°00'00" -38°37'00"E longitude in Sida#ane, Southern Region of Ethiopia.
This Woredais one of the 2Woredasn the Zone covering a total area of 1,494.63 ithA

the altitude range of 1100 m to 2650 m (from lowds in the west to the highlands in the

east)

Legend

[ Dale
E Sidama zone

[ ] Regions

400 0 400 800 Kilometers

Figure 1 lation map of the study area
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3.1.2. Agro-ecology

According to MoA (2000) classification, agro-ecojogf Ethiopia is classified asNurch,
Dega, Weina-dega, KollaandBereha.Similarly, the landform in Dal&Voredaalso shows
variations in agro-ecology d3ega, Woina—degad(y and moistWoina—dega), Koland wet
moist Bereha Generally,Dega dry Woina-dega moist Woina degKola and moistBereha
constitute 2.4%, 15%, 37%, 39.4%, and 6.2% of theltarea of the DaldNoreda,
respectively, as shown in Figure 2. This agro- egickl variation in landforms has had a
significant influence on climatic condition of tiM#oreda Minimum and maximum rainfall

and temperature range from 1041 mm -1448 mm ar@P1122C°, respectively

38°0'0"E 38°10'0"E 38°20'0"E 38°30'0"E
1 1 1 1

6°50'0" N H6°50'0"N

6°40'0" N+ F6°40'0"N

Dry Kolla
Dry Weina Dega
l:l Wet Moist Bercha
[R5 Wet/Moist Dega

/] Wet/Moist Weina Dega -6°30'0"N

zJJIJ 0 37 75 15 225 30
o

T e s Klometers

6°30'0"NA

38°0'0"E 38°10'0"E 38°20'0"E 38°30'0"E

Figure 2 Agro-ecological map of the study area
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3.1.3. Drainage system

The origin of the rivers that flow towards tiMaredastart from the Rift valley lakes sub river
basin that covers Sidanzane. The zone falls in the two sub river basirmnay: Ganale
Dawa and Rift valley lakes, as shown in Figure BerE are seven rivers (Bilate, Gidawo,
Dara, Ererete, Logita, Gambeltu, Hamile) and oaedrboundary river (Genale) in the zone.
Bilate and Gidawo rivers are found in the Rift eglllakes sub- river basin flowing towards
Lake Abaya. In the Rift valley lakes sub-river Imaghere are two lakes such as Abaya and
Hawassa. Lake Hawassa is found in the zone coveritogal area of 129.5 Knwhile some
part of Lake Abaya is also found in the zone. Asvah in the Figure 3, the study area falls
under Rift valley lakes sub-river basin. All theets flow through th&Voredauntil they feed

Lake Abaya, except few which feed Lake Hawassa.

37°50'0"E 38°00"E 38°100"E 38°20'0"E 38°300"E IB°400"E 38°3000"E 39°0'0"E
L ] (] 1 1 1 1 1

Lake Hawasa | F7°10'0"N
IFSE_}\ = 1
Legend
7200 N Biiois F7°0'0"N
W Lakes
Dale
6°50'0" N l:l Genale Dawa River sub-basin F6°S0'0"N
[/ 37] Rift vally Lakes sub-basin
67400 N FO°40'0"N
67300 N Lse300"N
La‘ké Abaya
6°20'0" N Lse200"N
6°10'0" N LI L I IKilometers 6o 100"
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Figure 3 Drainage systems inside and outside thiysirea
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3.2. Materials Used

The materials and data used to assess the irmgatitential of this study area were:

GPS and Digital Camera

GPS and digital camera were used to collect gebgrapordinate values in (UTM, Lat-

Long) and field photographs, respectively. The geplic-coordinate values were used as
ground control points to locate field photographs 8POT5 image for supervised
classification. The field photographs were usedigsature of land cover class which helped

as region of interest in supervised image clasgito.

Satelliteimages

SPOT5 satellite images, with acquisition dates betwNovember 2005 and December 2006
that included three bands (1, 2 & 3) and with gpagsolution of 5m, were obtained from
Ethiopian Mapping Agency. They were used to clgdsifid cover of the study area.
Topographic maps

Topographic maps of the study area, with a scalé:50,000 and map sheet numbers of
0638A2, 0638A3, 0638A4, 0638B3 and with a scald:0250,000 and map sheet number of
NB 37° obtained from the Ethiopian Mapping Agency, wesedias a background for the GPS
to locate the samples of ground truth data andse the data during the satellite image
classification.

Stream flow data

Discharges of four gauging stations such as ApastbMeissa (both on Gidawo river), Aleta

Wond (on Kolla River) and Tena (on Bilate River)ree@btained from Hydrology Department
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of the Ministry of Water Resources. The streamfldata were used to assess both water

resources potential of the gauged and un-gaugesifsit irrigation purpose.

M eteor ological data

Meteorological data of Yirgalem, Dilla, Bilate aridawassa stations were collected from
NMSA and grid interpolated rainfall data of Aletaovdo, Arbegona, Leku, Hagereselam,
Hayissa Wita and Morocho stations were obtainethftbRIl GIS database. These data were
used to estimate irrigation water requirementsoofies selected crops using CROPWAT4.3. In
addition, the rainfall data were used to calcutaterage areal rainfall using Thiessen polygon
extension in ArcGIS. The areal rainfall was usethim estimation of streamflow at un-gauged

sites from gauged sites.

Soil data

FAO/UNESCO- Soil Map of East Africa (1997), avalabn Arc/Info format with scale of
1:1000000, and soil laboratory results of Rift ggllakes river basin were obtained from GIS

and Remote Sensing Department, Ministry of WatesolecesThese data were used for soill

suitability analysis for irrigation.

DEM (Digital Elevation Model)

DEM data were obtained from ILRI GIS database aedewised as input data in ArcGIS to
delineate watersheds and to derive slope maps eofstihdy area for irrigation suitability
analysis.

Softwar es

The softwares used to prepare and analyze data Avef®|S9.2, ArcSWAT9.2, ENVI4.3,
CROPWAT4.3, and Global Mapper7.
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3.3. Methodology

3.3.1. Data pre-processing and checking

Collected data can contain errors due to failuresneasuring device or the recorder. So,
before using the data for specific purpose, tha tiatve to be checked and errors have to be
removed The analysis was extended to hydrological and melegical data to prepare input
data for water resources assessment and irrigatater requirement estimation using the
CROPWAT model

1. Consistency of stream flow and rainfall data

To prepare the stream flow and rainfall data fathfer application, their consistency was
checked using double mass curve analysis. A plactofimulated discharge/rainfall data at site
of interest against the accumulated average asth®unding stations is generally used to
check consistency of stream flow /rainfall data. cheeck the degree of consistency, Nemec

(1973) provided the value of coefficient of corteda as follows:

r = 1: direct linear correlation

0.6<r <1:good direct correlation

-0.6 < r <0:insufficient — reciprocal correlation
-1 < r <0.6:good reciprocal correlation

r = -1:reciprocal linear correlation

For the grid interpolated rainfall data, no anaysias done and they were used in further
analysis directly.

The stream flow and rainfall data are relativelypsistent if the periodic data are proportional
to an appropriate simultaneous period, and of tlteta, which are inconsistent, can be
adjusted by proportioning, using correlation caméint, between the stations (selesh, 2000,
Moutaz, 2001 and Yarahmad, 2003).
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2. Filling missing rainfall data

Missing records of the rainfall stations wererastied by using normal ratio method which is
recommended to estimate missing data in regionsenduenual rainfall among stations differ
by more than 10% (Dingman, 2002). This approaclblesaan estimation of missing rainfall
data by weighting the observation at N gauges ey ttespective annual average rainfall

values as expressed by equation 3.1 (Yemane, 2004).
1, P
=020 3.1

Where:
= missing data,
R = the annual average precipitation at the gaude thvé¢ missing data,
P- annual average values of neighboring stations

Py = monthly rain fall data in station for the same thoof missing station

N = the total number of gages uragrsideration

The monthly maximum and minimum temperature valaesSBilate, Dilla and Yirgalem
stations have been averaged into maximum and minidaung term monthly values. These
values were used as input data for evapotranspiraomputations. Other climatic data such
as sunshine duration, relative humidity and windespdata of Bilate and Dilla stations have
been also averaged into long term mean monthlyegaltnd used for evapotranspiration
calculation.

3.3.2. Watershed ddlineation

Following drainage boundaries on the DEM, maskirgDigital Elevation Model (DEM) with
Rift valley Lakes sub basin coverage of the SidZimae was started. This was done because

drainage boundaries exceed iWeredaboundary. The delineation process requires a &8igit
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Elevation Model (DEM) in ESRI grid format. To dediate watershed using Arc SWAT the

following steps were used.
a. Importing DEM data

The DEM of sub basin was projected to UTM Coordratstem using Arc Catalog in Arc GIS
and imported to Arc SWAT to start automatic watetskelineation.Figure 4 shows imported

DEM into SWAT session
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Figure 4 Digital elevation model showing drainagstem of the study area

b. Computing flow direction

Flow directions for individual DEM cells were credtusing flow direction and accumulation
tool in Arc SWAT. SWAT computes flow direction fandividual DEM cells and uses stream
threshold area in hectares to create streams basdtese directions. Figure5 shows flow

direction and the networks of streams on top ofEM.
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Figure 5 Flow direction and streams network

c. Creating water shed outlets

An outlet, or pour point, is the point at which emaflows out of an area. This is the lowest
point along the boundary of the watershed. Thesdellthe source raster are used as pour
points above which the contributing area is deteemi By using outlet selection tool in
SWAT, the watershed outlets are defined as shovigre 6.

Figure 6 Watershed outlets definition
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d. Delineation of main and sub-water sheds

The main watershed was delineated by using watémdé@kneator tool in Arc SWAT based on

an automatic procedure using the watershed owtetted in step 3 above. In order to create
sub-watersheds, additional drainage outlets nede tefined. After several nodes or vertices
are defined into drainage outlets along the straars, the same method defining watershed

outlets in step 3 was used again to delineate satbrahed.

3.3.3. Identification of potential irrigable sites

Identification of suitable sites for irrigation waarried out by considering the slope, soil, land
cover/use and distance between water supply angdtemtial command area as factors. The
individual suitability of each factors were firstayzed and finally weighted to get potential

irrigable sites. This procedure is discussed dsvial.

3.3.3.1. Slope suitability analysis

Land slope is the most important topographicaldiactfluencing land suitability for irrigation.
To derive slope suitability map of the study ardigital elevation model of the area was
clipped from SRTM of NASA satellite with 90 meteessolution by masking layer &¥oreda
boundary using Global mapper7 softwaféen slope maps of thé&/oredaand watersheds
were derived using the “Spatial Analysis Slope”ltmoArcGIS. The Slope derived from the
DEM was classified based on the classification esystof FAO (1996) using the
“Reclassification” tool, which is an attribute geakzation technique in ArcGIS. The four

suitability ranges (S1, S2, S3 and N) were classifor surface irrigation as shown in Table 2.
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Table 2. Slope suitability classification for suairrigation

Legend Slope (%) Factor rating
1 0-2 S1
2 2-5 S2
3 5-8 S3
4 >8 N

Source: FAO 963

The classified raster data layers were then coedext feature (vector) data layers for the
overlaying analysis. Using data management toolérim Tool box, generalization of the
feature (vector) data layers was performed to naatlearer slope suitability map.

3.3.3.2. Sail suitability assessment

To assess soil suitability for irrigation, FAO/UNEGS- soil map of east Africa (1997) was
used. It is available in ARC/ INFO format with seaf 1: 1000000. The major soil groups
classified in the study area were: Chromic LuvisBlstric Vertisols, Haplic Luvisols, Humic
Nitosols and Lithic Leptosols. Chemical and phylsjg@perties of these soil groups were
used for irrigation suitability analysis. The follmg soil suitability rating was used based on
the FAO guidelines for land evaluation (FAO, 1971879, 1990, 1991) and FAO (1997) land
and water bulletin.

Table 3. Soll suitability factor rating

Factor rating

Factors
S1 S2 S3 N
Drainage class well Imperfect poor Very poor
Soil depth (cm) >100 80-100 50-80 <50
Soil texture L-SiCL, C SL - -
Salinity <8 mmhos/cm 8-16 mmhos/cm
Alkalinity <15 ESP 15-30 ESP

Source: FAO guideline for land evaluation, (197879 and 1991)
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Further, the soil vector layer was converted ister layer using conversion tool “To Raster
or Feature to Raster module”. The rasterized sap mf the study area was then reclassified
based on their soil type name, texture, depth aamhage class. Using overlay tool in Arc GIS
9.2 Spatial analyst, weighted overlay analysishaefse factors were performed to determine
their suitability for surface irrigation. Then, thew values were reassigned for each soil factor
in order of their irrigation suitability rating bed on common evaluation scale from 1-9
available in weighted overlay analysis. A value epresents the least suitable factor in
evaluation while, value 9 repents highly suitaldetér in evaluation. Soil factor that is highly
suitable was given a value 9, for moderately siatédctor was given a value 6, for marginal
suitable factor was given a value 3 and for leagibble factor was given a value 1. When
scale values from 1-9 is not assigned for soildiegcin evaluation, that cell value restricted for
surface irrigation and it should be excluded froraleation. For example a soil factor with soll
depth 10cm is restricted for surface irrigation@epment and the cell value representing this

value is assigned as ‘restricted scale’ so thatllitoe excluded from the evaluation.

3.3.3.3. Land cover/use

Land cover/use of the study area is also the faetbich was used to evaluate the land
suitability for irrigation. In this research, larmbver classification was done using SPOT5
(Systeme Pour I'Observation de la Terre) satalitege for identifying land cover types to

estimate potential irrigable land. The classificatwas carried out using ENV14.3 software in

the following steps.

|. Image pre-processing

Successful identification of land cover usuallyuiegs multi-temporal images. Unfortunately,
the SPOT image for the study area was availablg fsam November 2005 to December
2006. The format of this image was IMAGIN Image,iethcould be imported into ENVI4.3
directly. The SPOT images were geo-referenced loillary data such as topographic maps
and geographic coordinates of the study area. Tiaencolor composite images were created
by combining the spectral bands that most closedemble the range of vision of the human
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eye which in the SPOT images are normally usedldod cover analysis. A true-color
composite uses the visible red (band 3), visibkegr(band 2), and visible blue (band 1)
channels to create an image that is very close Hat & person would expect to see in a
photograph of the same scene as shown in Figuf&& bands to color mapping for a 321
Composite are:

Band 3 (Visible red) = red
Band 2 (Visible green) = green

Band 1 (Visible blue-green) = blue
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Figure 7 SPOTS5 satellite image of the study areavsiy true color composite (321)

The other image pre-processing steps, such as ineagication and restoration and image

enhancement, were also performed.
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[1.Image classification

There are two approaches to extract spectral irdbom: the supervised and unsupervised
classification (Richards, 1986). Unsupervised dasdion is the method in which image
pixels are assigned to spectral classes withoutiskee having previous knowledge about the
study area whereas, supervised classificationnge#hod that involves selection of areas in
the image, which statistically characterize thesgaties of interest. Prior to the field work,
unsupervised classification from the SPOT image w@wlucted to understand the general
land cover classes of the study area. Based ortgdsam unsupervised classification and
information from topographic map of the study areanple training sites were selected to
collect geographic coordinates and field photogsagiwring the field work. The geographic
coordinate values of field photographs were thededdto the SPOT image b@round
Control Points Selectiodialog box in ENVI 4.3. This process, thereforetabbshes the
framework of the GCPs positions of the pixels fotput image. The problem then is to
decide how best to examine the different land ceignatures at pixels in the image and
comparing field photographs of the same GCPs logatiwvith the unclassified image. This
information was then used in the selection regibimterest for the supervised classification.
By using supervised classification with maximum dlikood method, seven land cover
classes were classified for the study area exa@emid, which were not separable and they
were classified by masking using their polygon taye

[11. Accuracy assessment

To validate and crosscheck the result of the SPIassification with known ground truth
data, accuracy assessment was checked for thetwgignalues of the classified images by
calculating the confusion matrix in ENVI 4.3 soft@aThe confusion matrix is a table with
the columns representing the reference (obsertag3es and the row the classified (mapped)
classes (Rossiter, 2001). The ground truth date weed in the maximum likelihood report as
the independent dataset from which the classifioaticcuracy was compared. The accuracy
is essentially a measure of how many pixels ingt@ind truth region of interests (ROIS)

were classified correctly.
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Items calculated include; overall accuracy, kappaffecient and confusion matrix. The
overall accuracy was calculated by summing the ranab pixels classified correctly and

dividing by the total number of pixels.

Kappa coefficient represents strong agreement leetwabassified land cover classes and
observed land cover/use (Ephrem, 2007). It liesvéenh O and 1, where O represents weak
agreement and 1 represents strong agreement. Aegordl Rahmanet.al (2006), kappa
values can be classified into three: the valuetgrethan 0.8 represents strong agreement,
between 0.4 and 0.8 represents moderate agreemeiat \zalue below 0.4 represents poor
agreement. Equation 3.2 gives mathematical relstipnfor calculating kappa coefficient in
ENVI14.3 software.

Po-Pe
1-Pe

3.2

Kappa(K)=

Where,
Po = is the proportion of correctly cified classes

Pe= is the proportion of correctly clfied classes expected by chance

V. Compilation of final land cover/use map

Classified images require post-processing to gémeralasses for export to image-maps and
vector GIS. In ENVI4.3 post classification toshajority analysis was applied to generalize
image classificationThen classification to vector tool was used to evhelassification results

to ENVI polygon vector layers (.evf files) and therported to shape files, Arc GIS 9.2 -
compatible file set. The classification images Wéive a vector layer for each selected class.
Due to higher spatial resolution of SPOT image,oantless of very small polygons were
created in classified image. To produce land covap by 1:250,000 scale (a common rule of
thumb for thematic mapping), it was therefore neagsto filter these polygons so that no
polygons were smaller than 50 ha. This processiag performed within Arc Map software

using 'Select by attribute tool' and ‘Generalizatmol' in the Arc tool box.
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The aim of this processing is to generalize thesification by removing small polygons. In
this case, polygons were removed if they are leas 60 Ha. The final clearer map with a

scale of 1:250,000 was produced

3.3.3.4. Distance from water supply (source)

To identify irrigable land close to the water sypfiivers), straight-line (Euclidean) distance
from watershed outlets was calculated using DEM@fx90m cell size and reclassified as
shown in Figure 8. Then, reclassified distance wased for weighted overlay analysis

together with other factors.

3.3.3.5. Weighing of irrigation suitability factorsto find potential irrigable sites

To find suitable site for surface irrigation, atability model was created using model builder
in Arc tools box and tools from spatial analysi®ltsets. Then, after their individual
suitability was assessed, the irrigation suitapilictors which were considered in this study,
such as slope factor, solil factor, land cover fastor and distance factor were used as the
input for irrigation suitability model to find theost suitable land for surface irrigation as

shown in Figure 8.
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Figure 8 Irrigation suitability model

3.3.4. Computing irrigation water requirements

In order to estimate irrigation water requiremeatssome selected crops in the potential
irrigable sites, definition of area of influencetbé climatic stations using Arc GIS inside and
around theWoredawere performed. To obtain a spatial coverage iohate data over the
study area, each station was assigned to an aredluwgnce using the Thiessen polygons
method (FAO, 1997).This method assigns an areaeafést vicinity' to each climate station.
Figure 9 gives an indication of the density of sketions over the study area.
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Figure 9 Thiessen polygons showing area of infleasfaclimatic stations in the study area

From Figure 9, four climatic stations such as AM{ando, Bilate, Dila and Yirgalem were
taken to calculate irrigation water requirementité identified irrigable area. Except Bilate
and Dilla stations, other stations do not have detepclimatic records. Therefore, recorded
data of these stations from the FAOCLIM has tal@ncfeation of data base. Then based on
cropping pattern of the study area, obtained frome®Voredaagricultural office, two crops
such as banana and sugarcane, were selectednatesthe water demand on monthly basis.
Planting dates for banana and sugarcane were clwsarch a way that the planting dates
coincided with the local cropping calendar at tle@anby meteorological stations. Then,ET
and other climatic data were derived from the coafon for crop water requirement
estimation. The respective crop coefficients foest crops were selected based on FAO
(1998). Then, gross irrigation water requirementsthe crops at the identified potential
irrigable sites were estimated by considering a&pgibn efficiency of 65% for surface
irrigation according to FAO (2001) and assuming 7&RAvater conveyance efficiency from
the source to identified command area as follows:
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ETc=ETolKc 3.3
ETc= crop evapotranspiration (mm/day)

IWR = ETc™ Pef 3.4

IWR= Irrigation water requirement (mm)

Pef = effect rainfall (mm)

GIWR :%(FWSDACW) 3.5

Where:

E = water conveyance efficiency

GIWR = Gross irrigation requirements {fmonth)

FWS = Field Water Supply (I/s/ha)

Acrop = the potential irrigable area to be cultivatethvaelected crop (ha)

3.3.5. Estimating surface water resour ces potential of river catchments

The available surface water of the catchments vgisnated using stream flow discharges
(obtained from the Ministry of Water Resources) amdfall data (obtained from NMSA and

ILRI GIS database). The stream flows that were wsethput to determine discharges at un-
gauged sites were measured at the four gaugingrstanside and around the study area as

presented in Table 4.

37



Table 4. Hydrometric stations inside and aroundstbhey woreda

Drainage
N°  River  Site Start  End | afitude Longitude areag
Date date 2
(Km?)
1 Bilate  at Bilate tena 1980 2006 6°56' 38°08' 5518
2 Gidawo near Aposto 1977 2006 6°45' 38°23' 646
3 Gidabo near Miessa 1997 2005 6°26' 38°26' 2532
4 Kola near Aleta 1980 2006 6°38' 38°24' 206

Wondo

3.3.5.1. Estimating discharges at un-gauged sites from gauged sites

The rainfall data analysis results, together witbcldarges from gauged sites, were used to
estimate the stream-flow at the ungauged sitelsarstudy area. Since only irrigation potential
of perennial rivers were considered in this studigng term average of stream-flow at gauged
sites and mean monthly areal rainfall of the sitese used to estimate the discharges at un-
gauged sites. This was performed by applying rucogfficient of the gauged sites to un-
gauged sites (FAO, 1997; Goldsmith, 2000 and DR@4). According to Goldsmith (2000)
and DFID (2004), to estimate mean monthly runofiuate of un-gauged sites from gauged
sites, catchment characteristics such as land ceedr type, and catchment slope ranges
should be similar, and distances between the gaagddin-gauged river catchments should
not be more than 50km and a minimum 10 years mearihty river flow at the gauged sites
should be available. Based on these criteria, $uged and un-gauged river catchments soil,
slope and land cover maps were derived using FAID7)Ldigital soil map of East Africa,
DEM and SPOT5 satellite image, respectively. Thanoff volume per month at the un-

gauged site was estimated using the following steps

1. Both gauged and un-gauged catchment areas werdatalt

2. Point rainfall data of stations both in and arogadged and un-gauged catchments
were converted to areal or average rainfall ovearaa of river catchments using

Theissen polygon method in Arc GIS.
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3. Both un-gauged and gauged river catchments insteffrtheir land cover/use, soil

type and slope range were compared to determinresihglarities.

4. Runoff coefficient from the ratio of mean montlligcharge to mean monthly areal

rainfall of gauged catchments was determined.

5. Above steps were followed to estimate monthly agerrunoff of the un-gauged
river catchments from gauged river catchments ugiadollowing equation (5)
(Jamshid, 2003).

AungaugeglD Pungauged 63

Qungauged ( Qgauge

Agauged Pgauged
Where,
@ngauged discharge at ungauged site®(s)
Angauged drainage area of ungauged site tkm
B gauged Areal rainfall at the ungauged site (mm)
Qauged discharge at gauged site {s)
Ayauged -drainage area at gauged site tkm

Rauged zareal rainfall at the gauged site (mm)

The stream flow calculated using above proceduraufgauged sites were used to estimate

their adequacy for the potential irrigable sites.

3.3.5.2. Transferring dischar ges of gauged riversto the site of interest

For gauged rivers, the discharges from gauge wi¢es transferred to the site of interest using

the following formula.

_ DAsite \n
Qsite ™= ——=)""'0O 3.7
site DAgauge gauge
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Where:
Qsite = discharge at site of interest
Quauge= discharge at gauge site
DAgauge= drainage area at gauge site

DAsie = drainage area at site of interest

The exponent n varies between 0.6 and 1.2. If thgdds within 20% of the Dfguge(0.6<DA
of site divided by / DA of gaugegl.2), n value equal to 1 is used, otherwise thaev8l.6 is
used.

3.3.6. Ranking of the potential irrigable sitesamong theriver catchments

The identified irrigable area, water resources (trean monthly runoff calculated by runoff
coefficient method for un-gauged rivers and the meenthly flows transferred to site of
interest on gauged rivers) and monthly irrigatioatev requirements were compared to
estimate irrigation potential of the river catchrserAfter identifying irrigation potential of
each river catchments, the sites were ranked aogpri their irrigation potential for
irrigation development possibilities. The catchmeith the highest irrigation potential was
ranked first and so on.
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4. RESULTS AND DISCUSSIONS

4.1. Testing Stream Flow and Rainfall Data for Consistency

The double-mass curve analysis revealed that tisegood direct correlation between the
cumulative stream flow records at Bilate gaugitagisn with the cumulative average stream
flows at the three stations (r =0.996). This intksahat the stream flow data at Bilate gauging
station is consistent. For the other three statithresconsistencies of their stream flow records
were checked using similar procedure and it wasdathat no significant shift of slope was
observed on their respective plots. As presentefipipendix Figure (1, 2, 3), the correlation
coefficients of the three stations indicated thre is good direct correlation between the
stations’ records and their corresponding baséostat Therefore, it was concluded that the

stream flow data from all stations can be usedudher application
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Figure 10 Double mass curve of Bilate station
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The rainfall analysis result showed that there weissing rainfall records at stations as
presented in Table 5. Therefore, to use thesefdat@rther application, missing values were
filled and results summarized in Appendix Tablesspand 8. The rainfall data at Hawassa
station, as presented in Appendix Table 7, thisostdhave no missing records and with data of
other stations, they were used to fill missing ealtor these rainfall stations. Similarly, results
of the double-mass curve analysis of the rainfaltiens revealed that the rainfall recorded at
the four gauging stations (Bilate, Dilla, Hawassad a¥irgalem) are consistent with no
significant change of slope on their respectivagls presented in Appendix Figures (4, 5, 6
and7). This also suggests that the rainfall dat@rded at these four stations can be used
directly for further analysis.

Table 5. Summary of missing rainfall data for thetisns

Rainfall stations  Year ( months ) with missed relsor

Bilate Agri (Jan, 1984), (June, 1986), (Jul, 198™ay, 1992) and (Aug, 1996)
Dilla ( Jan, may, June and Jul, 1991)
Yirgalem (Dec, 1997), (June, 2002), (Mar, 2003y &pep, 2004)

4.2. \WWatershed Delineation

The watershed delineation showed that there were rivain watersheds and four sub-
watersheds in the study area. Gidawo and Bilatensiaéds are the major ones. The others
such as Dama, Raro, Wamole and Woyima are subsiaes of Gidawo watershed each
covering area of 8,170.56 ha, 5,580.72 ha, 16,2384 and 4,678.11 ha, respectively.
Gidawo is the largest watershed in and around thdysarea covering a total area of
216,817.74 ha and comprising of the above foursatersheds. Bilate watershed is the
second largest watershed in and around the stedy Hrcovers a total area of 116,010.27 ha.

Figures 11 to 16 show these main and sub-watershels study area.
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4.3. Irrigation Suitability Evaluation

The analysis results of surface irrigation suiigpievaluation factors are presented as the

following sections.

4.3.1. Suitable slope
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Figure 17 Slope suitability map of the study amastrface irrigation

Slope has been considered as one of the evalupdoameters in irrigation suitability
analysis. Based on the four slope classes (S1$%2nd N), the suitability of the study area
for the development of surface irrigation systershiswn in Figure 17 and the area coverage

of the suitability classes are presented in Table 6
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Table 6. Slope suitability range of the study dogasurface irrigation

Slope range (%) Area % of total  Suitability

coverage (ha) area classes
0-2 30,182.4 20.2 S1
2-5 41,869.2 28.0 S2
5-8 15,384.4 10.3 S3
8-86.6 62,007.6 41.5 N
Total 149,443.6 100

The results in Table 6 revealed that 58.5% of ¢ farea of th&Voreda(covering an area of
87,436.0 ha) is in the range of highly suitablentarginal suitable for surface irrigation
system with respect to slope whereas the remahing% of the area (covering an area of
62,007.6 ha) is not suitable. Hence, the majoritghe study area is highly to marginally

suitable for surface irrigation in terms of slop&ability.

4.3.2. Soil suitability

The major soil groups identified in the study aega: Chromic Luvisols, Eutric Vertisols,
Haplic Luvisols, Humic Nitosols and Lithic Leptosohs shown in Figure 18. Summary of

soil suitability classification results are givenTiable 7.
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Results of this analysis indicate that the studsaacan be generally classified into three
irrigation suitability classes based on soil sulipbas a factor: S1 (highly suitable), S2
(moderately suitable) and N (not suitable). Humitosols, covering an area of 48,233 ha
which accounts 32.3% of the total area, was cliassias highly suitable (S1) for surface
irrigation. This solil is characterized by deep sdidy texture, well drainage condition and no
salinity and alkalinity hazards. Haplic luvisolshi®@mic Luvisols and Eutric vertisols were
classified as S2 (moderately suitable class). Kaplivisols and Chromic luvisols are
characterized by optimum conditions for surfacégation system in terms of all factors
except that both are limited by sandy loam text&ieilarly, EutricVertisols are limited by
their imperfect drainage condition while the otfestors are optimum for surface irrigation.
In general, about 54.2% of the land in the studgaaf81,090 ha) can be categorized as
moderately suitable (S2 class) for surface irrmatiThese soils are classified as S2 because
of the presence of the factors limiting the landtfee specified use (FAO, 1979). However,
S2 can be transferred to S1 using the most apptepiririgation methods such as sprinkler

and drip irrigation on these soils.
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Table 7. Soil suitability classification result feurface irrigation

Areain
Salinity Alkalinity Irrigation hz %

Soil type Soil map unit Texture Depth (Cm) Drainage (ds/m) (ESP) suitability

Haplic Luvisols LVh SL 125 w 0.1 4.83 S2 18,673 125
Lithic Leptosols LPq CL 10 w N 10,954 7.3
Chromic Luvisols LVx SL 130 w 0.1 0.7 S2 43,840 29.3
Eutric Vertisols VRe C 200 I 0.1 4.93 S2 18,557 124
Humic Nitosols NTu C 200 w 0 0.43 S1 48,233 32.3
Water body WBD N 9,183.8 6.2
Total 149,441 100

C= Clay, CL= Clay Loam, SL = Sandy Loam
S1= highly suitable, S2 = moderately suitable,N\ot suitable
W= Well, | = Imperfect
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However, the study established that there is nd la the study area with soil types that can
be categorized as S3 (marginal suitable) for sarfagyation. Lithic Leptosoil is limited by
shallow soil depth (10 cm) which is unfavorable foop growth and surface irrigation
method. Therefore, areas covered by this soil hadake (water body) were classified as N
(not suitable class). In general, land classifiadar N class accounts for 13.4% of the total

study area (20,137 ha). Figure 19 shows soil silittalnap of the study area.
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Figure 19 Soil suitability map of the study area

4.3.3. Land cover/use evaluation

From SPOTS5 satellite image supervised classifinatigight land cover/use classes were
identified. These classes include: degraded stamub, Icultivated land, shrub grassland, forest,
grass land, wetland, settlements and water bodsh@sn in Figure 20. As presented in Table
8, all land cover/use classes were classified high accuracy except shrub grass land which
interfered with cultivated and forest lands. Of lalhd cover classification, water body was
classified with 100% accuracy level. The land caw&r of the study area was classified with
over all accuracy of 94.65% and Kappa coefficignd.84. The Kappa coefficient of 0.94 of
the land cover classification in the study areargggnts a strong agreement according to
Rahman et.al (2006).
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Table 8. Confusion matrix of SPOT 2006 LUC classifion

Ground truth (Percent)

Degraded Grass Cultivate Shrub Wet Wate
Forest r Total
Class shrub land land d land grassland land body
Unclassified 0 0 0 0 0 0 0 0
Degraded shru
land 99.59 0.01 0.04 0.02 0 0 8.36
11.¢
Grass land 0 97.76 0.06 0 8.27 0 0 9
Cultivated
Land 0.2 0.01 95.25 0.53 4.45 1.18 0 24.2
Forest 0 0 0.64 99.44 0 0 0 9.47
13.¢
Shrub grassland 0.21 2.22 3.44 0 77.21 0 0 5
10.C
Wet land 0 0 0.57 0 0.02 98.82 0 1
22.2
Water body 0 0 0 0.05 0 0 100 1
Total 100 100 100 100 100 100 100 100

Overall Accuracy = (517001/546203) 94.6536%
Kappa Coefficient = 0.9357

Settlement land cover class was not included iner@lbecause trees in urban areas resemble
cultivated and forest land covers and was notrdjsishable. Hence, settlement land cover

was classified by masking from image using polygyer of urban areas.
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Figure 20 Land cover/use map of the study area

Table 9. Area coverageanfd cover/use classes of the study are

Areain (ha) Percentage (%)
Cultivated land 70301.6 47.0
Degraded Shrub land 3939.9 2.6
Grazing land 245.2 0.2
Forest cover 3731.6 2.5
Lake/ water body 9000.8 6.0
Settlement 1700.7 1.1
Shrub grass land 59898.4 40.1
Wet land 637.4 0.4
Total 149455.5 1.00
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Referring to Figure 20 and Table 9, discussionesilts for the land cover/use classification

are presented under the following headings.

Degraded shrub land

Degraded shrub land is characterized by degradetl deeas and small trees with no grass
cover. This land unit is mainly found at the lovpart of the Gidawo river and near inlet of
Bilate river to DaleWoredaand lake Abaya. This land cover/use covers an @ir@a6% of

the study area.

Cultivated land

This land cover type is dominant as compared tmther land cover types in the study area.
It covers 47% of the total area of tiiéoreda As described in section 3.Rale Woredais
classified into three agro-ecological zones sucBesa WoinadegaandKola. The cultivated
land cover type is therefore found in these thigre-acological zones. The crops commonly
grown in the thédegapart of the study area are apple, barely, beanisnpwheatgensetetc.

In Woinadega agro-ecological zone, the crops most commonly grawciude enset
vegetables and fruits, banana, coffee, maize amgdrsane wherea3eff enset banana,

sugarcane and maize are the most dominant cropsignKola agro-ecological zone.

Forest cover

This unit of land mainly lies around lake Abaya atdhe periphery of Bilate river covering

an area of 2.5% of the total area of Wereda

Grass cover

This land cover type is characterized by an areared by open grassland. It is mostly used
for grazing purposeThe grass cover occupies an area of about 0.2%eo$tudy area and

found in the eastern side of tioreda
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Settlement

This land cover class covers urban areas such kssBpHantate and Yirgalem towns

covering an area of 1.1% of the total area of thdysWoreda.

Shrub grassland

This land unit is the second dominant land covehenstudywWoredacovering an area of 40%
of the total area. It is mixed with cultivated lamehd dominantly found aKola agro
ecological zone of Dal&Voreda It is characterized by short stem trees with degsass

cover.

Water body

This land unit covers some part of Lake Abaya ia Htudy area occupying 6% of the
Woreda'sland area.

Wet land

This land unit mostly consists of wetlands (swangvgas). It is found near the Inlet of
Gidawo River to Lake Abaya at south eastern sidb@#/oreda It covers an area of 0.4% of
the total area of thé/oreda

Land cover/use classes such as cultivated and gmags land were classified as highly
suitable for irrigation with the assumption thaedk land cover classes can be irrigated
without limitations. They cover 87.1% of the stumhga. Other land units such as grazing and
forest lands were classified as lands not suitédilerrigation. This is because according to
the local culture land use reserved for these mapaan’t be put under cultivation. It is
obvious that land cover classes such as degraded $nd, settlement/urban areas, water
body or lake and wet land cover classes are resdrio use for irrigation. Therefore, the land

cover that was not suitable for surface irrigag@eounts for 12.9%.
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4.4. SuitableLand for Irrigation

Potential irrigable land was obtained by creatimgyation suitability model analysis which
involved weighting of values of all data sets saslsoil, slope, land cover and distance from
the water supply. Figure 21 shows the identifieteptial irrigable lands below the reservoir
or diversion sites among the main and tributargpeial rivers. The main and tributary rivers
are referring to the main and sub-watersheds odddny watershed delineation in section 4.2.
Attempts were made to identify potential resenairdiversion sites above the identified
irrigable areas since the suitability was assegsedsurface irrigation methods. TablelO
presents the identified irrigable land areas indres along rivers in different reservoir sites.
Gidawo River at Argada has the highest irrigabiellpotential as compared to the other sites

Table 10. Bilate River at Abaya Zuria has the hggheigable land potential next to Gidawo.
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Figure 21 Suitable sites for surface irrigationelepment
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Table 10. Suitable land for surfacegation in the study area

No River (water supply)

Reservoir site location

Command area (locatiogi®e)

Kebele  Latitude Longitude Kebele Hectares
1 Bilate River Abaya Zuria 6.69  38.04 Abaya Zuria and lower 3621.64
Falka towards Abaya
Zuria part
2 Dama River Bera chale 6.73  38.38 Wenanata and Magara  552.68
3 Gidawo River at Desse Desse 6.72 38.32 Desse, small parts of 760.16
Chalbessa and
Sodo simita
4 Gidawo at lower Argada Lower Argada 6.55  38.22 Lower parts of Argada 6505.4
and Falka
Raro River Aleta sodo 6.67 38.34 Aleta Sodo 693.35
Wamole River Motto Ajawa, Gane, Motto
6.8 38.43 and small parts of Tula  1511.31
Awada, Masincho an
7 Woyima River Masincho 6.74  38.43 small parts of Goyida 805.66

56



4.5. GrossIrrigation Water Requirements of the Identified Command Areas

Gross irrigation water requirements of banana amgdixane at the identified seven potential
irrigable sites (Table 10) under surface irrigatimethods were estimated using ETO and
other climatic data which were derived from the pamation as presented in Appendix Tables
11-14 and 15-22. Tables 11 and 12 present montiolysgrrigation water requirements that
must be met from the rivers. These results givereeral overview of monthly water demands
of the crops that should be abstracted from thersiby assuming a single cultivation in a
year during the local cropping period (mono-crogpinResults revealed that the gross
irrigation requirements of the crops at the idesdifpotential irrigable areas are affected by
the type of crop selected and the nearby metedaabstations.
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Table 11. Gross monthly irrigation water requiretsMnT) for growing banana

N, Command area name Meteorological statiatan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Bilate Rivel Bilate Agri 3.9 2.8 1.6 1.1 0.9 0.5 0.5 1.0 2.0 2.5 2.9 4.0
2 Dama Rive Yirgalerr 0.8¢ 0.7z 0.5¢ 0.4¢ 0.3t 0.21 0.1f 0.1¢ 0.3t 0.4¢ 0.6z 0.8¢
3 Gidawo River at Det Yirgalenr 1.2 1 0& O0€ 0t 02 0z 02 0&t 0.7 £ 1.z
4 Gidawo River at lower Argau Dila 81 5& 3€ 22 12 0C o0C o0C 1€ 31 £ T€
5 Raro Rive Aleta Wond 0.81 0.5: 0.2¢ 0.0¢ 0.0C 0.0C 0.0C 0.0¢ 0.3¢ 0.6z 0.87 1.0¢
6 Wamole Rive Yirgalenr 24 2C 1t 12z 0¢ 0€ 04 0t 0¢€ 14 17 24
7 Woyima Rive Yirgalenr 1. 11 0& 0€ 0Lt 05 0.2 2 0E 07 0¢ 1.2

Table 12. Gross monthly irrigation water requiretsgint) for growing sugarcane

N, Command area name Meteorological station Jan Febr MApr May Jun Jul Aug Sep Oct Nov Dec

1 Bilate Rivel Bilate Agri 71 6.¢ 6.1 5.1 4.1 3.€ 3C 24 21 2C 21 5¢€

2 Dama Rive Yirgalenr 0.2 0. 0. 0.7 0.4 0. 0.z 0& 0& 0& 04 04

3 Gidawo River at Det Yirgalenr 04 1.1 1.2 0.€ 0.6 0.4 02 0z 04 0E 0t O0.€

4  Gidawo River at lower Argai Dila 25 6.5 7.2 4.t 2C 0.7 0C 0.7 1z 1& 2t 2¢

5 Raro Rive Aleta Wondt 0.¢c 1.C 0.7 0.3 0.1 0.C oC 01 01 0z o0.C 04

6 Wamole Rive Yirgalenr 1.C 23 26€ 1.¢ 1.z 0. 0€ 07 0¢ 1C 1z 1.z

7  Woyima Rive Yirgalenr 0t 1.1 1.2 0.¢ 0.6 0.4 2 04 04 0E 0€ 0k
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4.6. Water Resour ces A ssessment

Prior to estimating stream-flows at the un-gaugess §rom gauged sites, watersheds above
both gauged and un-gauged sites were charactefizéthg the watershed similarities into

account, stream flows at un-gauged sites were atgdnfrom the gauged sites by applying
runoff coefficient method. In case of gauged sithscharges from gauge site transferred to

site of interest. These results are discussed uhddollowing sub-sections:

4.6.1. Gauged and un-gauged water sheds similarities

Referring to Figures 22, 23, and 24, the sub-whesls in Gidawo watershed with similar
land cover, soil type, and slope range are idextifind the results are presented in Table 13.
Un-gauged sub-watersheds such as Dama, Raro, WamndleWoyima are similar with
gauged sub-watersheds such as Kola and Gidawo et AlVondo and Aposto sites,

respectively

59



Table 13. Characteristics of watersheds abovedhgey and un-gauged sites

Gauged sub-watersheds

Un-gauged sub-watersheds

1

Kola river

Dama and Raro rivers

Land cover /use

Cultivated land
Shrub grass land

Cultivated land
Shrub grass land

Solil type

Eutric Vertisols
Lithic leptosols

Eutric Vertisols
Lithic leptosols

Slope range

0 - 8% (dominant)
8- 16%
16 - 30 %

0 -8% (dominant)
8- 16%
16 - 30%

2 Gidawo river at Aposto

Wamole and Woyima rivers

Land cover /use

Cultivated land
Shrub grass land
Settlements

Cultivated land
Shrub grass land
Settlements

Solil type

Haplic luvisols
Chromic luvisols

Haplic luvisols
Chromic luvisols

Slope range

0-8% 0-8%

8 - 16% 8- 16%
16 - 30% 16 - 30%
30 -87% 30 -87%
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Figure 22 Land cover/ use map of Gidawo Watershed
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Figure 24 Slope map of Gidawo watershed

4.6.2. Mean areal rainfall of sub-water sheds

Mean areal rainfall of sub-watersheds, which weseduas input data to estimate stream flows
in un-gauged sites, were calculated by by Theiggdygon method using Arc GIS. Figures
25 to 30 show Theissen polygon maps of each subrglad inside and around the study
area. All sub-watersheds, except Woyima sub-wagergrigure 29), are influenced by more
than one rain gauge stations. Table 14 presentsttimns, areas within the watersheds,
stations’ area fraction, and stations mean montiaiyfall contribution (calculated by
multiplying stations area fraction by long term meaonthly rainfall data from Appendix
Tables 5, 6, 8 and 9)
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Figure 25 Theissen polygon map of kola sub waterglaeige site near Aleta Wondo
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Figure 26 Theissen polygon map of Gidawo gaugeasifgosto
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Map scale : 1:250,000

Figure 29 Theissen polygon map of Woyima sub-whtats

Hayisa Wita
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Figure 30 Theissen polygon map of Wamolewatershed
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Table 14. Average monthly areal rainfall of the-sudtersheds

Dama sub-watershed

Stations Stations area in Catchments Stations tatioBs monthly rainfall contribution in (mm)

(k) Area fraction (%) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
Yirgalem 15.40 19.00 4.9 8.6 20.9 31.7 31.3 18.99.81 24.2 294 32.7 7.1 6.6
Leku 18.38 22.00 7.7 11.7 205 315 29.0 23.8 30.80.6 354 25.3 11.0 438
Aleta Wondo 47.93 59.00 212 313 56.1 89.7 92.66.76 826 814 97.9 79.1 34.2 13.0
Total 81.71 100.00 33.8 515 974 1529 153.0 309133.2 136.2 162.7 137.1 523 244
Kola sub-watershed
Arbegona 20.54 10.00 3.7 55 9.3 15 13.7 11.9 16.46.1 17.1 12.9 5.7 2.9
Aleta Wondo 175.48 82.00 295 435 779 1246 128927 1148 113.2 136.1 1099 47.6 18.0
Hagere Selam 18.26 9.00 3.87 558 10.08 17.28 9171251 1449 144 1764 1575 6.93 261
Total 214.28 100.00 37.09 5454 97.28 156.92 154.67.07 145.7 143.7 170.86 138.53 60.19 23.55
Raro sub-watershed
Aleta Wondo 53.57 98.00 353 519 931 149.0 15390.7 137.2 1352 162.7 131.3 56.8 21.6
Yirgalem 0.86 2.00 0.514 0.902 2.204 3.34 3.296991. 2.082 255 3.092 3444 0.744 0.69
Total 54.43 100 358 52.8 953 152.3 157.2 112.839.3 137.8 1658 1348 57.6 22.3
Woyima sub-watershed
Yirgalem 46.78 100 25,7 451 1102 167 164.8 99.804.1 1275 1546 1722 37.2 345
Wamole sub-watershed
Hayisa Wita 84.26 50.00 215 31 56 96 95.5 69.5 .580 80 98 87.5 385 145
Morocho 30.86 18.00 6.3 9.4 16.6 234 24.3 18.9 .92525.7 27.0 18.5 8.1 3.8
Yirgalem 54.27 32.00 8.2 144 353 53.4 52.7 31.833.3 40.8 495 55.1 119 110
Total 169.39 1.00 36.0 54.8 107.8 1728 1725 220139.7 1465 1745 161.1 585 293
Gidawo at Aposto
Arbegona 75.1 0.11 4.1 6.1 10.2 16.5 151 13.1 01817.7 18.8 14.2 6.3 3.2
Hayisa wita 715 0.11 4.7 6.8 12.3 211 21.0 15.37.7 17.6 21.6 19.3 8.5 3.2
Yirgalem 191.2 0.29 7.5 131 320 48.4  47.8 28.90.23 37.0 448 49.9 10.8 10.0
Aleta Wondo 121.8 0.18 6.5 9.5 17.1 27.4 28.3 20.25.2 2438 29.9 24.1 104 4.0
Morocho 207.4 0.31 109 161 285 403 41.9 3264.64 443 465 31.9 14.0 6.5
Total 667.0 1.00 33.6 51.6 100.1 153.7 154.0 1101B5.8 1415 161.6 1394 499 26.9
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4.6.3. Stream flows at un-gauged sites

Referring to Table 13, the characteristics of wadted above the un-gauged sites on Dama,
Raro, Wamole and Woyima rivers are similar with wegersheds above the gauged sites on
Kola river (near Aleta Wondo) and Gidawo river fgtosto). Similarly, the distances between
these gauged and un-gauged sites were found tesbdHan 10 kilometers and the length of
records of streamflow data near Aleta Wondo andségpgauging sites were about 30 and 26
years, respectively, (Appendix Tables 1 and 3). dderthe requirements suggested by
Goldsmith (2000) and DFID (2004) to use the ruraaféfficient method were met and thus
estimated mean monthly discharges at the un-gasitesifrom gauged sites are presented in
Table 15.

Table 15. Mean monthly stream flows of un-gaugedrrcatchments estimated from gauged sites

. .3
River catchments name Mean monthly flows in ( iMs)
]
o S
— —_ Q.
S0 s £ 98 &8 5% 53258 3 8
g 2 2 ~ L = < = ° < 0 z A
o D
Dama

06 05 06 12 27 30 32 53 50 6.1 26 1.8

Kola River Raro River 0

4 03 04 08 18 20 22 36 33 40 19 11

Gidawo River at Wamole

Aposto

1.6 1.3 1.8 3.7 6.3 50 48 7.0 8.0 102 4.3 2.3
Woyima 53 03 05 1.0 1.7 1.2 1.0 1.7 2.0 3.1 08 08

4.6.4. Transferring dischargesto sites of interest

The discharges at site of the interest were obdanyetransferring the river discharges at the
gauged site to the site of interest on the samer.riVhe site of interest, in this case, is
referring to a site closer to and above the idetipotential irrigable land (command area).
All drainage areas of the sites of interest werstbwithin 20% of the drainage areas of the
gauged sites. Hence, the area ratio method suggkgtSilesh (2000) was adopted and the
results are presented in Table 16.
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Table 16. Mean monthly discharges’(sh at the sites of interest

Mean Monthly Discharges at site of interest i%sm

Site of c Q9 = = > < = o o >
) ] [} © Q © S S S [} & o e
interest 2 L = < = » = I uo o =z £J
Bilate at

Abaya Zuria 139 12 28.1 42 559 66.7 79.2 120 143 118 42 133

Gidawo at
Dese 73 6.2 84 16.428 226 23.3 33.6 36.9 439 18.2 10.3
Gidawo at
Argada 19 17.7 20 28.4 404 35.1 344 43.4 46.1 529 29.3 215

4.7. Irrigation Potential of River Catchments

Irrigation potential of the river catchments in theidy area was obtained by comparing
irrigation requirements of the identified land sibite for surface irrigation and the available
mean monthly flows in the river catchments basedhenmethod suggested by FAO (1997).
Tables 17 and 18 present gross irrigation demartieotwo crops commonly grown in the
study area (banana and sugarcane) and the avaitalale monthly flows of the corresponding
river catchments. Results of these analyses revehd monthly irrigation requirements of
both banana and sugarcane are less than the d@ailean monthly flows of Bilate at (Abaya
Zuria) and Gidawo rivers (at both Argada and Dese sitdsle the mean monthly flows of
Dama, and Wamole rivers are slightly greater themnitrigation water requirements of both
crops at their corresponding command area. But oyiklva sub-watersheds, the irrigation
requirement of banana is more than the available th the month of January and February
and irrigation requirement of sugarcane exceedsvadable flow in the month of February.
Similarly, irrigation requirement of sugarcane iarB sub-watershed exceeds the available
flow in month of February. As a result, the criticammand areas were calculated according

to (Micheal, 2008) to grow these crops. From Tablethe minimum available flow in the

month of February is 0.31 %s whereas the water requirement of banana in thethmof

January is 0.61 l/s/ha (0.0006§len/ha) giving a critical command area (that carrddably

irrigated using the available flows in Woyima riyef 505.71 ha.
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Table 17. Comparing of irrigation demands and abdd flows of river catchments in the study argebfinana

Commanc 3
River Name areain Monthly flows available in each river and grosgjation demand s
(ha)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Bilate Available flows (rr?/s) 13.9 12 28 42 559 67 79 120 143 118 42 13
3621.64 Gross.irr.Req(r%ls) 15 11 07 04 04 01 0.1 0.4 0.8 09 11 16
Dama 552.68
Available flows (rr?/s) 0.62 047 061122 266 295 3.2 533 49 6.13 261 181
Gross.irr.Req(r%s 03 03 02 02 01 01 o1 0.1 0.1 0.2 0.2 0.3
Gidawo river at Dese  760.16
Available flows(n13/s) 7.3 6.2 84 16 28 23 23 336 369 439 182 10
Gross.irr.Req(r%ls) 05 04 03 02 02 01 o012 0.1 0.2 0.3 03 05
Gidawo river a
Argada 6505.4
Available flows (mi/s) 19 17.7 20 28 404 35 34 434 461 529 293 22
Gross.irr.Req(r131S) 31 23 13 09 05 00 0.0 0.0 0.7 1.2 19 29
Raro 693.35
Available flows (m3/s) 043 031 0.39 0.8 138 2 22 355 332 39 1.89 1.09
Gross.irr.Req(r?”Is) 03 02 01 00 00 00 0.0 0.0 0.1 0.2 03 04
Wamole 1511.31
Available flows (m3/s) 158 133 18 3.716.33 4.97 484 7.02 8.04 1023 431 227
Gross.irr.Req(r?’ls) 09 08 06 05 04 02 0.2 02 04 05 0.7 0.9
Woyima 805.66

Available flows (n¥/s)
Gross.irr.Req (r?”ls)

032 031 052 1 169 115101 171 2 3.06 0.77 0.75
05 04 03 03 02 01 01 0.1 0.2 03 04 0.5
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Table 18. Comparing of irrigation demands and abéd flows of river catchments in the study are@astayarcane

Commanc 3
River Name area (ha) Monthly flows available in each river and grosggation demand s
Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec
Bilate Available flows (m3/s) 139 12 28.1 42 559 66.7 79.2 120 143 118 42 133
3621.64 Gross.irr.req (r%s) 2.8 2.7 24 20 16 15 12 09 08 08 08 21

Dama 552.68

Available flows (rr?/s) 0.62 0.47 0.61 122 266 295 32 533 49 6.1 2631

Gross.irr.req (nS“is 0.1 0.3 03 03 02 01 01 01 01 01 02 0.2
Gidawo river at Des  760.1¢

Available flows (m3/s) 7.3 6.2 8.4 164 28 226 233 34 37 44 18 10.3

Gross.irr.req (r%s) 0.2 0.4 05 03 02 01 01 01 02 02 02 0.2
Gidawo river a
Argada 6505.4

Available flows (m3/s) 19 177 20 284 404 351 344 43 46 53 29 215

Gross.irr.req (r%s) 1.0 2.5 28 17 08 03 00 03 05 07 10 11
Raro 693.35

Available flows (nf?/s) 043 031 0.39 0.8 1.8 2 22 355 332 4 1.9 1.09

Gross.irr.req (r131$) 0.3 0.4 03 01 00 00 00 OO 00 01 00 03
Wamole 1511.31

Available flows (m3/s) 158 1.33 1.8 3.71 6.33 497 484 7.02 8.04 10 47

Gross.irr.req (r%s) 0.3 0.8 09 07 04 03 02 03 03 04 04 04
Woyima 805.66

Available flows (nf?/s) 0.32 031 0.52 169 115 101 1.71 2 3.1 08 0.75

Gross.irr.req (r131$) 0.2 0.4 05 04 02 01 01 01 02 02 02 0.2
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Similarly, the critical command area for Roro suétershed was found 632.65ha. As a result,
the irrigation potential of the Raro and Woyima sudtersheds are 632.65 ha and 505.71 ha,
respectively. However, for the other watershedssestheir monthly flows are greater than the
irrigation requirements of the two crops, the ideed potential irrigable area was taken as
their irrigation potential (IFAD, 1987; MoWR, 2002)herefore, the irrigation potential of the

river catchments in the study area are obtainedamckd (Table 19).

Table 19. Summary of irrigation potential of theen catchments and their ranking for
development possibilities

River Nam Irrigation potential in (h: Ran}
Bilate at Abaya zur 3621.6¢ 2
Dame 552.6¢ 7
Gidawo river at Des 760.1¢ 4
Gidawo river at Argac 6505.¢ 1
Raro 632.65 5
Wamole 1511.3: 3
Woyima 505.71 7
Total 14089.55

Therefore, the total irrigation potential of DaMoreda(the study area) is found to be
14089.55a which accounts for 10 % of the total land arfeth®Woreda
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5. SUMMARY AND CONCLUSIONS

5.1. Summary and Conclusions

This study assessed the irrigation potential ofepeial rivers in the study area such as
Bilate,Dama, Gidawo, Raro, Wamole, and Woyima Riv@rhe watershed areas obtained
through watershed delineation of these Rivers wkt6;010.27 ha, 8,170.56 ha, 216,817.74
ha, 5,580.72 ha, 16,938.72ha and 4,678.11ha, tasggc

Surface irrigation land suitability analysis indie that 86 % of soil and 58 .5 % slope in the
study area are in the range of highly suitable &mgimal suitable for surface irrigation system
whereas the remaining 14% (soil) and 41.5% (slap#he area are not suitable. In terms of
land cover/use, land covered by settlement, dedrabeub land, forest, wetland, water body
and grazing land covering 12.9% of the study aresrewrestricted from irrigation
development. When these factors were weighted uswighted overlay in Arc GIS, the
potential irrigable land for surface irrigation wasduced to 10%. This implies that, if more
factors are considered in the evaluation procesk vesighted, the total irrigable land is
expected to reduce more thereby giving accuraienats of the land potential for surface

irrigation.

Gross irrigation requirement calculation resulticaded that irrigation water demand of the
banana and sugarcane at identified command arepsageording to nearby meteorological

stations

The water resource assessment was carried out usioff coefficient method at ungauged
sites and results are presented on monthly bakis. ifplies that the estimated amount of

flow is available for each month and varies fronmnthoto month.

By comparing gross monthly irrigation demand ofnidged irrigable land under river
catchments with corresponding available mean mgnfldws, their surface irrigation
potential was obtained as: Bilate (3,621.6 ha), @4652.7 ha), Gidawo (7,265.6 ha), Raro
(632.65 ha), Wamole (1511.3 ha) and Woyima (505@)L Except in Dama, Raro and
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Woyima rivers, the available monthly flows in BaatGidawo and Wamole rivers are much
larger than their command area monthly irrigatiemdnd. This implies that surface irrigation

potential of these rivers limited by the land a®&e irrigated along them.

5.2. Recommendations

Irrigation is considered as an important investim@n improving rural income through
increased agricultural production. However this banachieved, by assessing available land
and water resources for irrigation .Therefore, idexd surface irrigation potential of river
catchments in the study area can assist in pokcystbns during a development of irrigation

projects in Dale Woreda.

The data generated for the purpose of the thisarelsevork such as estimated discharges at
ungauged sitesevapotranspiration data close to identified po&tniirigable sites, land
cover/use, soil, and slope maps of river catchmeatsassist local or regional planners to

facilitate preliminary surveys and prepare irrigatprojects in the study area.

Future research: this study needs to be continued to include thiviohg points for the

future.

The surface irrigation potential was carried outhis research by considering only distance
from water sources, solil, slope, and land coverfastors. But the effects of other factors
such as water quality, environmental, economic sodal terms should be assessed to get

sound and reliable result.

Surface irrigation land suitability analysis resuitlicates that only 10% of the study area is
suitable for surface irrigationLand suitability analysis for sprinkler and drigigation

should be carried out to increase the land arba faigated from this figure.

Stream flows at un-gauged sites were estimatedyusinoff coefficient method. However,
future research should test other methods suctegismal regression analysis, base flow
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correlation and development of unit hydrographdtingate discharges at ungauged sites from

gauged sites.

In this research, estimation of irrigation wateguigement of identified command areas was
carried out by selecting two crops only. But thaufa research should select several crops to
calculate gross irrigation requirements of ideatfipotential irrigable land among river

catchments.

Furthermore, application of remote sensing and w4S found helpful in assessing surface
irrigation potential in this study. It is therefol®pped that future irrigation development
activities will exploit these resources more thiam present study for better assessment of land

and water resources in the study area and elsewher
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7.1 Summary of Hydro M eteorological Data

7.1.1 Hydrological data

Appendix Table 1 Kola tributary near Aleta Wondontidy flow (m3/s)

YEAR

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Jan

13
2.3
2.6
0.7
2.3
14
14
2.0
1.9
2.5
1.8
13
2.3
1.8
0.9
1.0
0.7
54
1.7
14
1.6
1.9
1.9
2.0
1.6

Feb

14
1.7
2.0
0.3
13
1.7
1.2
13
14
3.2
14
15
2.5
1.2
0.8
0.4
0.3
3.0
1.0
0.8
11
1.0
0.9
1.2
0.8

Mar

2.5
1.4
1.8
0.2
1.6
1.4
1.8
1.3
15
4.1
2.0
1.2
1.9
1.6
1.0
1.4
0.3
2.3
1.8
0.8
1.5
1.6
1.0
15
1.3

Apr

8.7
3.8
2.8
1.8
4.5
3.4
2.2
2.4
3.6
4.1
3.0
3.4
3.6
2.2
3.9
3.1
3.0
3.6
2.3
1.6
3.7
2.2
2.3
3.2
3.0

May

115
8.7
6.9
3.2
8.6
6.2
9.4
51
4.8
9.2
3.2
3.8
19.9
4.9
4.1
7.5
7.0
7.1
5.2
4.1
12.8
6.4
2.6
5.3
9.9

Jun

4.6
121
6.9
7.5
7.2
22.1
9.8
8.8
6.7
9.0
2.7
5.7
135
4.6
1.7
28.3
4.6
9.8
4.0
3.3
114
5.6
2.1
5.8
8.9

Jul

6.7
12.7
7.9
6.0
7.6
7.6
5.6
27.0
10.3
59
9.3
6.8
7.6
23.4
2.5
9.6
10.0
12.1
7.9
4.8
6.0
3.5
4.3
3.5
12.6

Aug

18.7
225
27.5
8.8
10.5
10.5
6.5
32.6
6.6
7.7
4.9
24.3
6.3
18.9
8.8
18.9
16.2
31.5
8.7
20.4
24.3
5.5
54
5.2
18.7

Sep

155
9.6
20.5
18.2
7.7
18.1
10.5
13.0
13.2
7.2
11.2
13.3
7.2
9.9
15.6
18.8
3.9
12.6
7.5
9.1
18.2
5.3
5.2
6.4
68.2

Oct

9.2
10.1
27.0
10.2
9.4
13.7
18.5
22.0
14.6
5.5
5.2
30.5
135
9.1
16.3
12.5
15.3
24.9
12.6
23.3
15.7
5.4
5.2
10.5
72.9

Nov

5.7
6.3
4.7
4.0

9.2
5.9
3.2
2.7
7.8
6.6
5.7
3.4

8 2.
8 16.
5 6.
7.7
7.7
9 4
4.0
3.8

3.6
.3 58

cDe

2.7
5.1
1.9
3.1

2.5
3.2
3.0
54

3.5
2.8
2.7
1.6
1.2
6.8
2.6

2.9
2.3
6 2.
3 2
2 2
42.7

Annual

88.5
96.1
114.2
64.6
67.1
92.9
79.5
125.1
75.7
63.6
49.2
103.1
87.6
86.0
60.5
105.5
84.8
121.6
63.3
80.1
103.3
44.9
36.8
50.2
298.9
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2006 1.9 15 2.7 5.5 12.1 9.4 17.5 15.8 11.4 105 4 7 67 102.3

Mean 1.8 1.3 1.6 3.3 7.3 8.3 9.2 14.8 13.7 16.3 79 46 90.2

STDEV 0.9 0.7 0.8 1.4 3.8 5.9 5.8 8.6 12.1 13.4 710. 7.9 48.7

Appendix Table 2 Bilate river monthly flow at Te'ma(m3/s)

YEAR Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov cDe ANNUAL
1980 2.5 3.4 6.0 17.7 62.5 114.6 47.6 117.5 146.8 88.7 30.5 2.1 639.8
1981 15 2.0 79.4 74.9 21.4 13.7 40.4 36.5 166.3 .876 3.8 15 518.2
1982 2.0 2.7 42.7 46.3 41.9 64.1 44.0 77.0 156.5 882 17.2 1.8 579.0
1983 3.0 6.3 29.2 82.1 111.4 116.8 55.6 206.6 297.2191.1 39.2 4.5 11431
1984 2.6 1.6 1.6 1.7 15.7 18.7 42.6 98.6 125.9 235 4.9 3.9 341.3
1985 4.2 1.4 2.8 42.9 88.8 65.6 46.0 86.7 63.3 926 19.1 2.7 516.1
1986 2.7 9.3 29.1 56.8 104.2 150.8 354.4 366.3 7374. 255.2 203.8 18.4 1925.6
1987 5.4 2.8 7.1 41.2 55.6 127.3 122.4 50.9 42.4 399 363 3.6 594.3
1988 3.0 3.7 24.7 45.4 62.7 83.9 94.1 130.0 171.6 13.8 44.3 4.8 782.2
1989 2.2 24.1 7.1 65.9 39.2 23.1 32.5 54.8 161.4 3.811 44.3 4.8 573.1
1990 2.9 5.7 23.0 475 60.3 77.9 88.0 122.5 589 552 189 14.4 572.5
1991 7.2 13.3 51.8 17.8 59.3 68.6 58.7 68.7 68.9 .717 207 19.2 472.0
1992 67.8 41.6 40.0 32.7 32.7 69.1 60.0 124.6 233.2232.4 19.8 16.8 970.6
1993 37.5 27.4 45.9 25.3 46.0 68.8 59.4 96.7 130.6 100.9 19.8 16.8 675.0
1994 28.9 10.3 10.4 27.9 42.7 57.3 75.9 81.8 116.9 157.0 110.1 37.3 756.6
1995 24.4 20.4 29.7 36.2 46.7 60.8 62.4 91.5 128.3 112.4 38.9 18.2 670.0
1996 26.6 154 20.0 32.0 44.7 59.0 69.2 86.7 122.6 134.7 74.5 27.8 713.3
1997 13.2 11.3 26.5 40.8 55.1 72.9 79.6 111.6 150.9 114.4 43.9 11.7 731.9
1998 8.1 7.0 17.2 234 30.6 20.0 35.7 187.4 86.7 580 194 7.2 523.2
1999 5.2 3.0 10.1 6.4 10.2 17.3 48.6 51.2 80.6 889. 31.2 7.0 460.6
2000 4.4 3.0 2.6 14.5 48.1 15.3 23.5 53.4 447 76.8 21.9 12.9 320.9
2001 8.5 5.9 28.0 14.8 311 31.6 44.9 41.0 62.8 541. 1238 7.0 329.8
2002 5.9 9.9 33.5 20.3 15.7 14.8 16.6 40.3 30.6 614. 9.1 15.0 226.4
2003 18.1 12.0 12.7 30.4 16.0 21.3 23.2 34.3 46.2 068 18.9 9.8 323.7
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2004 12.0 10.1 8.9 26.6 18.5 19.7 63.5 68.3 47.2 .7 50 9.3 7.6 342.4
2005 9.0 7.3 13.8 39.1 68.9 20.9 51.6 65.4 50.4 333. 178 8.3 385.8
2006 5.3 8.5 28.3 35.2 26.9 27.°7 42.6 148.9 60.1 .0 27 141 14.9 439.5
Mean 11.6 10.0 234 35.0 46.6 55.6 66.0 100.0 119.5 98.3 35.0 11.1 612.1
STDEV 14.7 9.2 17.9 194 26.0 38.7 62.1 68.9 816 3.06 40.5 8.5 334.8
Appendix Table 3 Gidawo river monthly flow at Apos{msls)

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov ¢ De Annual
1977 11.7 8.5 7.9 104 171 17.4 20.4 30.8 37.1 863. 394 12.9 277.4
1978 7.2 6.3 15.9 194 30.1 16.0 48.9 52.0 32.5 139. 134 10.0 290.7
1979 10.1 9.6 10.8 12.2 19.1 22.8 16.1 32.2 31.9 .0 36 17.6 14.0 232.4
1980 34 3.3 3.9 11.9 19.0 7.9 4.7 4.7 34.1 20.3 0 8. 5.9 127.1
1981 3.9 3.7 7.7 23.9 26.4 10.7 14.3 34.2 57.9 355 14.1 7.1 239.2
1982 7.2 5.4 5.1 8.7 20.5 25.8 20.8 34.7 39.3 349 175 12.9 232.9
1983 7.4 5.9 7.2 21.2 42.6 30.3 23.0 62.0 45.2 55.0 28.1 14.5 342.3
1984 9.0 6.4 6.3 7.2 10.4 17.0 12.4 14.6 37.9 18.6 11.7 6.8 158.3
1985 5.7 4.0 5.0 14.2 45.4 19.9 18.9 20.7 37.3 29.9 9.2 7.0 217.3
1986 4.3 4.2 6.0 11.5 24.2 67.2 30.4 20.5 47.9 329 95 7.3 265.9
1987 5.3 4.7 8.0 12.7 36.8 26.9 134 11.7 18.2 319 01 0.3 169.9
1988 0.5 1.6 3.7 11.8 7.1 12.0 18.9 27.4 29.7 35.0 15.3 5.9 169.0
1989 6.9 5.6 5.3 12.8 10.7 15.2 15.4 9.6 30.2 33.3 11.9 11.4 168.4
1990 6.5 9.2 16.2 26.2 28.3 16.2 16.1 16.1 17.7 6 18. 9.7 85 189.3
1991 8.5 8.3 10.0 11.9 12.5 8.7 12.9 11.6 26.8 146 55 4.7 136.2
1992 3.1 3.9 3.2 17.2 17.4 13.1 19.1 61.1 50.5 73.6 27.8 12.0 302.0
1993 7.8 10.4 6.2 14.4 43.7 42.9 20.7 14.6 24.1 144, 195 7.2 255.9
1994 4.8 35 4.6 8.1 26.2 17.8 42.9 47.4 32.6 17.1 13.8 6.5 225.3
1995 4.4 4.0 5.0 24.6 24.3 11.0 12.8 17.5 22.4 33.4 9.9 7.9 177.1
1996 7.7 4.7 16.0 29.3 39.7 26.3 42.6 48.8 48.7 551. 10.7 7.0 332.9
1997 5.7 3.7 4.2 13.9 21.7 15.0 27.1 34.7 21.2 57.3 435 15.6 263.5
1998 5.5 25 3.2 8.6 27.1 11.6 20.3 62.0 28.3 79.7 15.8 7.3 272.0
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1999 5.8 4.2 5.1 4.9 9.8 6.4 6.6 8.2 10.2 18.3 78 5.1 92.5
2000 3.8 3.3 3.4 5.1 13.2 7.8 6.7 21.0 18.7 49.5 316 6.6 155.2
2001 6.0 4.4 51 7.2 151 21.7 10.5 23.6 25.7 26.3 10.7 6.6 163.0
2002 5.4 3.8 55 7.6 10.6 13.7 7.3 9.8 12.7 9.4 57 6.0 97.3
2003 4.9 3.6 4.6 104 8.0 6.2 8.1 17.6 125 355 714 8.5 134.6
2004 5.0 5.0 5.0 10.0 18.3 8.4 7.5 10.8 16.1 213 8 6 5.8 119.8
2005 4.8 3.3 4.6 7.4 28.2 175 14.9 16.1 22.8 16.8 95 5.4 151.2
2006 4.4 4.0 7.4 11.8 24.8 13.7 29.4 37.3 23.0 29.4 16.5 12.1 213.8
Mean 5.9 5.0 6.7 13.2 22.6 18.2 18.8 27.1 29.8 35.4 14.7 8.3 382.4
STDV 2.2 2.2 3.7 6.3 10.9 12.3 11.1 17.1 12.2 175 94 3.5 68.5
Appendix Table 4 Gidawo monthly flow at Miesso ins(s)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov c De Annual
1997 27.6 22.8 23.7 44.8 59.1 47.7 67.0 75.7 58.1 07.11 92.5 30.7 656.7
1998 26.9 19.6 21.0 33.6 67.4 40.9 55.4 114.1 70.7 138.5 48.8 48.0 684.8
1999 27.9 24.1 26.2 25.8 37.0 29.4 29.9 335 375 355 324 315 388.7
2000 22.6 215 21.6 26.1 43.9 325 30.1 57.6 53.1 o018 49.9 29.7 490.4
2001 275 23.9 253 30.2 48.6 64.2 37.9 68.8 739 527 38.4 28.8 542.6
2002 25.9 225 26.1 31.1 37.9 45.4 30.3 36.1 43.0 533 26.7 27.4 387.8
2003 24.9 22.0 24.1 37.7 32.0 28.0 32.1 54.5 426 6.11 16.1 16.1 346.1
2004 16.1 16.1 16.1 16.1 16.1 33.0 30.7 38.4 511 336 29.2 26.9 352.9
2005 25.1 22.3 24.8 30.0 69.5 49.8 44.3 46.6 502 794 34.1 16.1 469.5
Mean 24.9 21.6 23.2 30.6 45.7 41.2 39.7 58.4 544 107 40.9 28.4 570.9
STDEV 5.1 5.0 8.1 134 22.9 26.6 21.0 34.0 275 933. 19.0 8.9 147.7
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7.2. M eteorological Data

7.2.1. Rainfall data

Appendix Table 5 Corrected monthly rainfall datd8aate Agri (mm)

Yeal Jar Fek Mar Apr May Jur Jul Aug Sej Ocl Nov Dec Annua
1984 6.0 31.2 29.5 18.4 77.0 59.6 91.7 53.7 816 .427 543 24.5 554.9
1985 12.0 4.3 59.0 134.4 69.2 86.5 59.6 48.5 495 696 29.2 4.8 623.9
1986 0.0 60.0 0.0 78.0 129.0 98.4 108.7 105.3 119.244.1 235 68.1 834.3
1987 5.4 48.1 127.¢ 0.C 250.t 60.¢ 21.2 98.2 29.¢ 70.7 11.¢€ 6.1 730.2
1988 20.3 43.0 52.3 133.5 108.0 72.0 208.4 141.4 .8 80 105.9 0.0 11.2 976.8
198¢ 41.C 39.C 64.€ 119.] 30.C 73.4 24.1 18.¢ 59.¢ 44.¢ 65.5 9.t 589.¢
1990 8.7 134.3 77.0 97.1 90.1 74.8 75.0 30.1 225 632 221 7.8 665.8
1991 29.7 64.4 81.: 52.¢ 76.C 64.€ 71.¢ 125.] 55.2 32.t 0.C 43.2 697.(
1992 24.2 94.5 73.9 141.7 70.2 54.7 60.9 75.9 84.2138.9 92.5 25.3 936.9
1993 88.1 71.2 10.9 117.0 160.6 103.7 32.3 36.8 7 57. 935 21.5 2.9 796.2
1994 0.0 14.5 45.8 179.4 50.2 88.1 263.1 26.3 36.342.1 40.8 35.0 821.6
199t 0.C 11.C 101.1 133.¢ 44.¢ 42.¢ 64.£ 21.¢ 92.( 51.7 15.7 38.C 617.2
1996 118.3 1.3 96.8 126.5 80.9 252.5 133.0 106.7 376 494 18.7 25.4 1085.8
1997 11.3 0.0 8.5 146.5 76.2 57.4 72.0 97.3 89.2 4.316 150.0 41.3 914.0
1998 87.4 38.2 41.5 66.1 84.4 59.6 61.6 87.8 332 007 1.8 0.0 631.6
199¢ 8.€ 0.C 37.C 37.t 48.7 32.t 67.2 84.¢ 42.1 76.1 19.¢ 7.8 461.¢
2000 0.0 0.0 7.4 58.7 117.8 69.4 74.0 51.9 99.7 876. 50.1 10.6 616.4
2001 10.¢ 17.¢ 34.¢ 39.4 101.c 80.C 53.t 45.¢ 48.7 91.: 4.€ 9.C 536.¢
2002 47.1 1.2 52.7 72.5 49.0 17.2 33.3 47.6 279 648 0.0 123.5 520.6
200: 12.C 16.C 39.2 276.¢ 58.7 75.¢ 66.7 112.2 72.¢ 53.1 45.1 19.2 847.7
2004 99.0 8.6 15.9 212.5 91.9 27.2 711 71.2 504 095 383 13.4 750.4

Mean 30.0 33.2 50.3 106.7 88.8 73.9 81.6 70.8 62.3 67.9 33.6 25.1 724.3
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Appendix Table 6 Corrected monthly rainfall dat®dta Mission (mm)

Year
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
Mean

Jan
0
28.3
52.3
50.8
13.2
27.7
14.2
132.7
1.3
0.5
87.6
13.5
58.4
20.7
0
14.7
35.6
71.9
87.3
44.6
15.5
36.7

Feb
101.3
69.7
71.0
26.2
198.8
49.9
37.8
20.2
10.2
55.4
33.2
5.3
45.6
14.1
0.0
24.3
18.7
7.4
32.1
9.3
51.4
42.0

Mar
65.8
224.9
68.9
102.0
159.9
123.6
44.8
1.3
132.4
73.9
165.8
20.9
108.4
116.9
19.2
105.6
208.0
81.1
63.3
77
151.1
100.7

Apr
257.9
194.0
167.2
108.9
161.4
195.0
199.9
153.7
384.2
262.9
280.1
256.8
232.9
148.0
188.8
226.7
136.6
146.7
275.5
273.2
206.2
212.2

May
223.6
314.3
247.9
78.5
158.9
169.4
179.9
340.8
147.6
190.3
252.9
272.3
210.4
2415
312.9
194.8
137.9
100.3
113
246.2
158.4
204.4

Jun
141.4
138.7
69.9
133.8
53.7
105.3
156.9
162.1
105.5
67.0
232.8
161.3
67.9
75.5
19.7
144.4
104.7
102.9
40.2
63.7
151.4
109.5

Jul
140.6
22.2
262.8
98.3
71.9
109.5
100.9
34.5
257.4
151.8
80.6
1115
124.7
46.6
98.7
72.2
69.6
55.5
73.7
76.9
53.7
100.6

Aug Sep
54.4 0155.
47.7 1.614
207.3 3.315
59.0 2150
109.1 32.81
109.6 143.6
97.4 6.118
72.7 9114
164.0 42.61
1054 .0200
1516 37.&
93.1 .0149
146.2 07.81
39.2 4144
113.3 83.6
145.3 53.61
108.6 8.2 8
120.7 3 67.
63.4 136
95.9 1445
159.5 30.31
107.8 141.1

Oct
111.4
320.0
194.6
158.4
94.1
101.8
250.0
163.2
92.1
174.0
86.0
220.3
155.2
148.3

3.113
197.1
57.4
128.0

70
83.41
292.1
158.6

Nov
47.5
43.0
60.0
90.8
59.3
9.0
54.2
50.5
38.4
42.4
27.9
203.5
82.3
35.1

69.8
52.4
70.1
95.4

112.2

58.6
82
65.9

c De
9.2
63.3
6.6
143.3
25.3
44.7
46.4
17.6
0.4
18.4
12.4
85.2
7.2
13.8
13.1
28.8
115.2
22.2

45.4

4
39.4
36.3

Annual

1308.1
1607.7
1561.8
1200.2
1238.4
1189.1
1368.5
1264.2
1476.1
1342
1648.7
1592.7
1347
1044.1
1052.2
1359.9
1150.6
999.4
1112.1
1277.3
1491
1315.8
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Appendix Table 7 Monthly rainfall at Hawassa (mm)

Year

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Mean

Jan

0.0
0.1
25.8
38.8
10.5
12.3
234
101.6
0.0
0.8
78.4
23.4
92.0
19.8
11
1.8
52.5
30.4
46.2
81.1
1.7

30.6

Feb

34.7
11.8
68.5
49.9
93.7
90.6
83.2
109.1

4.7
21.4
36.9

1.7
140.0

0.4

0.0
39.9

2.4

2.0
94.2

7.7

9

42.9

Mar

69.6
151.4
17.5
62.8
121.1
87.4
73.0
22.3
56.8
61.8
89.6
75.1
90.8
105.5
11.0
122.7
127.7
78.2
42.0
120.9
139.2

82.2

Apr

109.8
127.8
80.9
191.8
89.9
48.0
109.0
104.9
108.7
156.1
113.8
125.0
86.4
27.1
132.0
67.0
119.6
179.1
83.1
156
145.9

112.5

May

167.2
230.8
100.1

95.2
85.3
129.5
60.5
165.3
80.8
43.6
161.5
73.0
88.4
64.7
145.1
233.7
85.2
40.4
81.5
144.5
74.4

111.9

Jun

193.0
58.0
110.9
123.8
44.4
116.7
83.0
46.7
146.2
118.7
243.3
111.2
56.0
99.8
36.4
137.5
118.4
110.5
75.7
73.2
108

105.3

Jul

153.3
97.3
117.7
78.1
139.5
109.2
92.8
54.7
195.7
175.7
121.2
98.6
172.9
135.1
80.0
93.5
76.6
74.5
75.4
150.9
1711

117.3

Aug Sep Oct

194.2 171.8 57.3
108.1 8 68. 100.1
138.8 5.020 83.9
86.4 3166. 44.7
39.5 94.1 27.3
90.6 .0104 21.6
123.6 745 142.3
130.8 7.8 4 130.8
118.9 68.9 58.8
134.7 .8166 22.3
108.7 45.01 69.6
113.9 9118. 157.1
108.3 .6109 193.3
83.8 115.4120.4
179.3 87.6 110.7
131.7 789. 80.2
190.4 282. 372
76.1 85.7 56.4

182.8 113.0 57.1
61.3 122.2 28.4

169.3 1949 695

122.4 115.8

78.9

Nov

22.8
0.4
1.3

22.3
7.6
12.2
80.1
10.5
191
18.3
19.7
132.2
10.6
20.1
29.0
2.6
0.0
6.2
26.8
46
79.2

27.0

Dec

18.4
4.1
6.6

50.2
3.8
44.8
16.6
3.9
2.9
84.2
14
24.0
0.0
16.8
9.3
21.3
51.5
51.8
15.2
10.4
48.3

23.1

Annual

1192.1
958.7
957.0
1010.3
756.7
866.9
962.0
928.4
861.5
1004.4
1189.1
1054.1
1148.3
808.9
821.5
1021.6
943.7
791.3
893.0

1002.6
1197.9

970.0
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Appendix Table 8 Corrected monthly rainfall at Yatlgm (mm)

Year

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Mean

Jan

0.0
0.0
14.9
20.3
13.3
6.2
26.1
27.2
2.9
0.0
86.3
22.6
68.1
16.5
3.0
16.1
47.1
52.5
79.6
34.4
2.9

25.7

Feb

107.8
151
49.3
77.8
214.9
32.0
36.9
76.7
135
26.0
77.4
54
59.0
24.1
0.0
38.7
6.2
12.9
35.6
11
36.8

45.1

Mar

70.7
190.9
61.0
192.1
148.8
74.5
64.3
325
77.3
75.1
195.5
31.7
99.4
98.5
170.9
126.9
216.5
88.5
54.5
81.3
162.9

110.2

Apr

210.3
71.1
167.4
235.0
228.1
153.0
126.8
148.7
215.6
328.9
248.8
59.9
227.7
108.4
170.9
101.7
106.9
177.0
75.0
134.0
212.2

167.0

May

172.0
263.0
104.8
144.6
111.3
176.7
164.2
298.2
192.2
148.6
159.9
56.2
164.8
163.3
265.9
277.4
109.2
25.8
65.9
2435
153.9

164.8

Jun

162.8
105.6
78.8
91.7
104.5
126.1
95.8
138.0
149.9
48.2
175.3

98.7
84.9
62.2
100.0
104.6
81.7
52.6
55.7
80.1
91.4

99.5

Jul

59.5
20.1
201.5
83.6
96.3
85.1
130.0
29.3
175.1
84.6
123.5
156.7
190.2
105.0
115.0
65.3
37.9
61.7
108.3
129.7
128.7

104.1

Aug Sep Oct

137.7 2.618 77.2
85.8 83.1 182.3
196.1 0.914 126.8
34.8 4267 185.6
115.8118.9 75.2
185.1 274 77.6
1474 0.27 260.0
48.6 8127 290.4
147.7 0.413 75.2
98.9 181.2 42.9
91.9 91.72 85.3
151.0 202.8370.5
200.3 8.010 4425
1846 7.410 183.1
90.7 9 90. 1193
228.3 24.92 356.9
101.0 789. 64.1
76.9 101.3109.9
90.5 106.7 102.9
67.4 1130. 105.9
1974 6.011 2823

127.5 54.61 172.2

Nov

141
13.1
7.1
44.6
30.4
0.0
61.4
23.3
47.8
32.2
6.6
193.6
21.4
13.7
55.1
9.6
0.0
61.7
37.8
64.6
42.3

37.2

¢ De Annual

47.6
91.0
11
73.6
12.9
37.2
22.2
25
17.0
54.1
2.4
51.8
0.0
8.7
47.1
23.5
86.8
60.0
1.3
0.0
84.5

34.5

1242.3
11211
1149.7
14511
1270.4
1227.7
1305.3
1243.2
1244.6
1120.7
1544.6
1400.9
1666.3
1075.5
1228.8
1573.9
947.1
880.8
813.8
1072.1
1511.3

1242.4
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Appendix Table 9 Grid interpolated long-term meawnthly rainfall data around study area (mm)

Stations Latitude Longitude Elevation

Stations name code (Northing) (Easting) (m) Jan Feb Mar Apr May June July Aug Sep Oct Nove Dec

CDU'I-POOI\)Hg

Arbegona 516 6.7 38.71 2709 37 55 93 18@B7 119 164 161 171129 57 29
Aleta wondo 550 6.66 38.41 1805 36 53 95 1357 113 140 138 166134 58 22
Leku 592 6.75 38.43 1775 35 53 93 14832 108 140 139 161115 50 22
Hagereselam 536 6.46 38.51 2747 43 62 112 112 139 161 160 196175 77 29
Hayissa witto 535 6.93 38.7 2747 43 62 112 19®1 139 161 160 196175 77 29
Morocho 595 6.91 38.41 1886 35 52 92 13mB5 105 144 143 150103 45 21
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7.2.2. Summary of other climatic data

Appendix Table 10 Summary of other climatic datamad around study area

No  Stations/recording Parameters Jan Feb Mar Apr y Ma Jun Jul Aug Sep Oct Nov Dec

1 Bilate Agri
1983-2004 Sunshine 8.4 7.6 7.8 6.3 7.4 6.0 48 0 5. 6.1 9.5 7.6 6.8
1983-2005 Tmax (°C) 32.3 33.0 33.3 31.7 29.8 28.2 27.0 27.6 29.1 30.01.23 315
1983-2005 Tmin (°C) 155 15.8 15.5 15.2 155 15.4 154 15.4 15.1 14.2351 14.0
1983-2005 Wind (m/s) 1.4 15 1.3 1.0 11 1.2 1.1 0.9 0.8 0.7 0.9 1.4
1983-2005 RH-06 69.4 73.8 84.9 91.1 93.4 92.1 92.4 91.6 93.5 89.41.57 66.9
1983-2005 RH-12 41.4 42.8 45.0 57.3 61.1 62.2 64.9 60.4 55.4 50.46.8 4 41.0
1983-2005 RH-18 39.6 39.9 49.8 61.5 63.3 60.6 64.4 59.9 64.7 62.63.75 46.3

Average 50.1 52.1 59.9 70.0 72.6 71.6 73.9 70.7 71.2 67.57.35 514

2 Dilla
1974-2007 Tmax °C) 29.7 30.4 30.5 28.3 27.2 26.6 25.7 26.0 26.5 26.98.0 2 28.8
1974-2007 Tmin (°C ) 10.2 10.4 11.5 12.4 12.4 12.1 125 12.8 12.3 12.31.01 105
1988-2007 Sunshine 7.7 7.1 6.6 5.9 6.2 4.9 3.3 4.6 4.7 5.5 7.5 7.9
1989-2005 wind (m/s) 0.6 0.7 0.7 0.6 0.5 0.5 0.4 0.4 0.4 0.5 0.5 0.5
1997-2005 RH-06 82.3 78.7 83.3 89.7 91.0 89.5 91.1 91.1 93.0 92.10.79 89.1
1989-2005 RH-12 46.6 43.6 49.2 59.7 65.5 66.0 68.6 66.2 66.2 62.09.15 52.3
1989-2005 RH-18 56.7 51.9 58.5 73.9 78.0 74.4 76.3 75.0 80.6 79.61.6 7 66.5

Average 61.9 58.0 63.7 74.4 78.2 76.6 78.7 77.4 80.0 77.93.87 69.3

3 Yirgalem
1981-2006 Tmax CC ) 28.1 28.7 28.3 27.0 25.7 25.0 235 24.0 24.6 25.66.7 2 27.3
1981-2006 T min °C ) 11.0 10.8 121 12.1 11.8 11.7 11.9 12.0 11.6 12.01.41 10.7
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Appendix Table 11 EJ and climatiaata for Bilate meteorological station

Climate Data Table b4

Country [Ethiopia Station |Bilate Agri Altitude |[1281 [m]

Max Temp. | Min Temp. | Humidity | Wind5Speed | Sun5hine | Solar Radiation | ETo
Month ([} ([} %] [km{fd] [hourz] [(MJSm2/d] [mm/d]
January 323 1655 o1 1.4 8.4 204 3.3
February 33.0 165.8 K21 1.5 7.6 203 3.5
March 333 155 519 1.3 7.8 215 3.9
April ns 162 70.0 1.0 6.3 19.2 3.6
May 298 1655 726 1.1 74 202 3.7
June 28.2 154 1.6 1.2 6.0 17.7 3.2
July 27.0 15.4 ¥3.9 1.1 4.8 16.0 2.9
August 27 b 165.4 707 0.9 5.0 16.8 3.1
September 291 15.1 7.2 0.8 6.1 18.7 3.4
October 30.0 14.2 67.5 0.7 9.5 234 4.0
Hovember 3.z 1356 h7.3 0.9 7.6 19.4 3.2
December 35 14.0 4 1.4 6.8 17.7 2.9
Average 304 15.0 64.0 1.1 6.9 19.3 34

Report. .. |

Appendix Table 12 EJ and climatiddata for Dila meteorological station

Country  |[Ethiopia Station |Dila Altitude 1723 [m]

Max Temp. | Min Temp. | Humidity | WindSpeed | SunShine | Solar Badiation ETo
Month [C] [C]) [#] [km/d] [hours] [MJAm2/d] [mm/d]
January 297 10.2 61.9 hl g 77 195 36
February 304 104 58.0 605 71 19.6 39
March 305 11.5 b3.7 605 6.6 19.7 4.0
April 283 12.4 744 h1.8 59 18.6 3.7
May 27.2 12.4 782 43 2 6.2 18.4 35
June 26.6 121 76.6 0.5 49 16.0 29
July 287 125 787 346 33 138 27
August 26.0 12.8 774 3.6 4.6 16.2 31
September 26.5 12.3 80.0 0.4 4.7 16.6 3.0
October 269 12.3 779 0.0 LY 17.4 31
Movember 28.0 11.0 738 0.5 FR 19.4 32
December 288 105 69.3 05 79 19.3 31
Average 279 11.7 725 28.2 6.0 179 33

Report._.
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Appendix Table 13 EJ and climatiaata for Yirgalem meteorological station

Climate Data Table b 4

Country |Ethiopia Station [YIRGALEM Altitude W [m]

Max Temp. | Min Temp. | Humdity | WindSpeed | SunShine | Solar Radiation | ETo
Month (C] (C] *] (km/d]) [hourz] (MJ/m2/d) [mm/d])
January 285 8.9 76.0 112.0 8.9 212 41
February 29.0 9.5 730 112.0 g4 216 44
March 29.0 10.6 ¥7.0 130.0 75 21.0 45
April 272 111 86.0 112.0 s 213 41
May 26.8 111 8.0 112.0 74 202 39
June 25.3 111 83.0 138.0 6.8 18.8 3.6
July 237 12.2 86.0 112.0 45 15.6 3.0
August 241 129 82.0 104.0 46 16.2 32
September 246 12.2 88.0 78.0 6.0 18.6 314
October 258 11.7 79.0 69.0 81 213 38
Movember 26.4 10.2 80.0 86.0 9.0 215 38
December 275 10.2 68.0 95.0 8.7 204 39
Average 26.5 11.0 81.0 105.0 7.3 19.8 3.8

Report. .. | Cloze |

Appendix Table 14.E d and climatiaata for Aleta Wondo meteorological station

Climate Data Table b4

Country  |[Ethiopia Station WENDO [ALETA) Altitude |1860 [m]

Max Temp. | Min Temp. | Humidity | WindSpeed | Sun5hine | Solar Radiation | ETo
Month LM} [C] ] (km/fd] [hours] [(MJfm2/d] [mm/d]
January 28.5 41 85.0 112.0 8.7 209 41
February 28.5 6.8 770 112.0 84 21.6 43
March 26.2 8.6 ¥i.0 130.0 ih 211 42
April 26.9 10.2 87.0 112.0 7.8 21.5 41
May 273 8.9 92.0 112.0 74 20.2 3.9
June 255 9.2 93.0 138.0 6.3 18.0 3.5
July 249 9.5 91.0 112.0 44 15.4 3.0
August 258 9.1 90.0 104.0 45 16.1 3.2
September 249 9.4 93.0 78.0 6.0 18.6 3.4
October 2519 8.3 84.0 69.0 i1 19.8 3.6
Hovember 257 6.9 85.0 86.0 9.0 21.5 3.8
December 26.7 47 75.0 95.0 8.7 20.4 3.8
fAverage 26.4 8.0 85.8 105.0 i1 19.6 3.7

Report. .. | Cloze |
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7.2.3. Crop water requirement tables

Appendix Table 15 Sugarcane monthly irrigation waggjuirements at Yirgalem stations

= T T P T N T

Crop Water Requirements Report

I I B I WM BN BE N

B

B

EL X

— Crop #H 1 Sugarcane (Ratoon)

— Block # tAll blocksy

— Planting date 912

— Calculation time step = 30 Day(s)

— Irrigation Efficiency = 65X

Climatic station = virgalem

Date ETo Planted Crop CWR Total Effect. I FWS

Area Kc (ETm) Rain Rain Req

(mmsperiod] () (mm/period] ——— mm—————— [1/=-ha)

9,12 122.55 100. 08 a. 40 49.082 58. 60 45. 27 3.74 8,62

81 129.38 10060. 08 a.62 80. 38 59.02 51.71 28.67 a.17?

02 132.31 100. 08 1.84 138.19 81.57 68. 28 69.91 a.41

9,3 | 128. 86 10060. 08 1.25 161.087 i81.77 82.85 78.22 a. 46

8-4 1268.81 100. 08 1.25 151.082 117.65 94.11 56.91 8. 34

85 111.14 i106. a8 1.25 138.93 128. 42 181.58 37.35 a.z22

276 1082.86 100. 08 1.25 128.58 133.78 1685.17 23.41 8.14

.7 98. 23 i106. a8 1.25 122.79 133.57 1684. 85 17.94 a.11

6. 8 28.27 100. 08 1.25 122.83 127.62 186,52 22.32 8.13

5.9 182.58 i106. a8 1.17 119.77 115.81 92.88 27.78 a.16

5/108 189.51 100. 08 1.81 1168.57 o98. 42 79.65 30.91 a8.18

4,11 116.67 i106. a8 a.a85 99.39 76.63 64. 84 35.35 a.21

4,12 28. 02 100. 00 a.76 15.22 18. 49 9.683 &6.19 a,.22

Total 1393.19 1437.77 1235.35 999.14 438.63 t8O.21y

*¥ ETo data is distributed using polynomial curwve fitting.
* Rainfall data is distributed using polynomial curwve fitting.

Appendix Table 16 Banana monthly irrigation wassguirements at Yirgalem stations

Crop Water Requirements Report

3 E P E B BE B BE B BEFE P BE BB B P FE BB B BE BB FE B BE BB FE P BE BEFE B P FE BB BB BB B P FE BB B P DE BB B P DE BB B BE BB B P FE DB BB IE BB BB M

— Crop # 1 BAMAMA (=econd yesar, Mediterranean, 15 Mov dormancy)
- Block # tAll blocksy
— Planting date 811

Calculation time step
Irrigation Efficiency

38 Day (=)
(3= 4

Meteorological station = ¥Yirgalem
Date ETo Planted Crop CWR Total Effect. Irr Fus
Area c (ETm) Rain Rain Req
(mmsperiod) (3 0 ————————— (mmsperiod) - ———————— (1/s,ha)

Bs11 117.508 i18060. 00 1.0600 117.508 73.52 ol.80 55. 78 8.33
Bs12 12z2.37 i868. a8 i.06 122,37 51.87 45. 61 76. 77 a. 46
2.1 129.17 i86a. aa 1i.06 129.17 58.27 51.15 78. 602 a.46
672 13z2. 3z 1600. 00 1.0600 132. 32 80. g4 e7.74 a4, 57 8. 36
B3 129. 086 i88. a8 1i.81 138. 75 181.15 82. 42 45. 34 a.z29
2.9 121.13 i868. a8 i.1@ 133. 36 117. 28 93.79 39.57 a.23
=l 111. 46 180. 00 1.19 132.41 128.15 181. 39 31.06:2 8.1&8
6.6 183. 09 i18060. 00 1.206 123. 71 133. 69 1685. 11 185. 68 8.11
6.7 98. 31 i068. a8 1.20 117.98 133. 67 i04. 92 13.85 8. a8
578 98.19 180. a8 1.28 117.83 127.92 18a. 73 17.18 a.18
4.9 18z, 38 i18060. 00 1.206 122,85 1la. 368 9z, 42 38. 43 8.1&8
4,18 ia9.27 i868. a8 1.13 123.11 99.08 80.13 42. 98 a.26
311 i8.94 i8a. aa i.81 19.19 14.58 11.91 7.28 a.26
Total 1393.19 1522.56 1235.35 999.14 523.42 t0. 26y
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Appendix Table 17 Sugarcane monthly irrigation wagguirements at Aleta Wondo station

BEE W BE M RE BE JE B ME W RE BE EME ME M BE M MG RE BE 3B ME M RE BE B ME ME M RE M M REBE I 3B M W RE BE B CME OME MM ME M RE BE I B M M RE BE MM M MM M M EBE M M M RE MMM M
Crop Water Requirements Report

€ B B -RE BE B RE BE BERE BE B RE BE B RE BE B RE BE B RE ME B RE BE B RE ME B R ME B R E B R E B M BE B M BEBE W BEBE W BEBE M BEBE W BEBE W BEBE W BEBE W BE B W BEBE W BE B W ME M MMM

— Crop H# 1 : Sugarcane (Ratoon])

— Block # : tAll blocksy

— Planting date 1712

— Calculation time step = 38 Day(s)

— Irrigsation Efficiency = 654

Meteorological station = Aleta Wondo

Date ETo Planted Crop CWR Total Effect. Irr. Fus

Area Ko [ETm) Rain Rain Req.

(mmsperiod; (¥ 0 ————————— (mmsperiod] ————————— (1/s/,ha)

1712 118. 31 188. 88 a. 48 47. 32 70. 46 57.96 a. 808 a. a8

3112 124. 25 1600. 806 8.6z 7722 ocb. 16 52,33 24.89 a8.15

381 128.37 1600. 806 1.64 134.14 o68. 05 71.89 6z. 25 a.37

172 127.88 1600. 806 1.25 158. Bo 119. 26 268. 68 ob. 2o a.41

313 121.27 1600. 806 1.25 151.58 144.14 186. 15 45. 44 a.z27

384 113.89 1600. 806 1.25 141.37 162. 69 117.47 23.98 a.14

385 185.10 1600. 806 1.25 131.37 174. 49 1z4.87 7.38 a8.04

296 99.45 1600. 806 1.25 124. 31 i178.27 125. 68 8. 00 8. 00

297 97.508 1600. 806 1.25 121.8687 173. 62 1z22.108 8. 00 8. 00

289 99.51 1600. 806 i1.17 116. 22 168. 15 113. 22 3.080 8.6z

27,9 184. 68 1600. 806 1.061 185. 708 1348. 85 99. 28 6.4z a8.04

272,18 111.35 1600. 806 a. 85 o4. 85 ivg. 74 81.:z8 13.65 a.08

2611 19.z28 100. 868 a.7o 14. 68 14.94 11.59 3.81

Total 1369.16 1419.42 1595.26 1173.53 258.11 €0.13y

# ETo data is distributed using polynomial curwve fitting.

Appendix Table 18 Banana monthly irrigation watguirements at Aleta Wondo station

R A A A A A R R A R A A A A A A A I A T A A N A A A A A A I A A T I A A A A A A A A A A T A A A A A A A A A A A A A A A A A A R N
Crop Water Requirements Report

B BE B BEBE B BE B BE B BEBEBE BEBE BEBE BE B BE B BE BEBE BEBE BEBE B B BE B BE B BE BEBE B BE B B BE B BE N BE BEBE BEBE BE B BE B BE B BE BEBE BEBE B B BE B BE BE BE B BE B BE B B N B N

- Crop # 1 : BAMAMA [(second wear, Mediterranean, 15 MHow dormancy)
— Block # : YAll blocksy

— Planting date 1712

— Calculation time step 38 Day (s)

— Irrigation Efficiency 65%
Meteorological station = Aletza Wondo
Date ETo Planted Crop CWR Total Effect. Irr. FUs
Area Ko [ETm] Rain Fain Req.
(mm/speriod) 2 = 0—-—————————— (mm/period)] ————————— [1-/s,ha)
1712 118.31 i6068. 680 1.080 118. 31 78. 48 57.96 668. 36 a. 36
31712 124.25 i6068. 680 1.080 124,25 68.18 52.33 71.92 a.43
381 128.37 16868. 60 1.680 128.37 28. a5 71.89 56. 48 a.34
1.3 127.08 1868. 80 1.080 127.088 119. 26 o8. 60 36. 48 a.zz
313 i121.27 1868. 80 1.81 122. 85 144.14 186.15 16.708 a.18
3849 113.0809 i6068. 680 1.18 124.52 162.89 117.47 7.85 a.a4
385 185.18 i6068. 680 1.19 124. 86 174.49 124.07 a.7r9 a. a0
29,6 99.45 i868. 00 1.20 119. 34 178.27 125.68 a.aa a. a0
29,7 o7.50 1868. 80 1.z08 17.088 173.62 122.108 8. 80 a. a0
288 99.51 1868. 80 1.z08 119. 42 168.15 113. 22 6.19 a.a84
27,9 184. 68 i808. 80 1.z20 125. 62 138.85 99.28 26. 34 a.16
272,10 111.35 i6068. 680 1.13 125.47 188.74 B81. 20 44, 27 a.z26
2611 19.20 i068. 00 1.81 19.45 14.94 11.59 7.86 a.z25
Total 1369.16 1496.54 1595.26 1173.53 334.45 tO.1le6y

# ETo data is distributed using polynomial curwve fitting.
# Rainfall data is distributed using polynomial curwve fitting.
E BE B e PE PE BB PEBE BB BN R B PE P B REPEPE B BE MM W B IE BB W BEPE PE B MMM BE B BB BB BB PEPE BB R PEPEBE B MM W B BE BB W BB MMM
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Appendix Table 19 Sugarcane monthly irrigation waggjuirements at Dila station

bW WE S BE W RE BE B ME WERE 3B ME RE BE M CRE B BE M M BE E R W RE BE B ME W RE BE ME ME M M RE BE M M RE BE ME M M RE M E BE 3E M M RE R M M BE MM M M BE M CE 3B M E MM WM
Crop Water Requirements Report

3 PE WE B M RE BEBEPE M ME M RE BE BEPE M BE M RE BE M BE W BEPERE BE M BE BEBE P E BE M RE WEBEBE WEME M RE BE BEBE NEBE M RE ME NEBE NE B M NE ME MM MM M RE B M BE BEBE M E M M E BN

— Crop # 1 ¢ Sugarcane (Ratoon)
— Block # 1 £All blocksy
— Planting cdate 912
— Calculation time step = 38 Day (=]
— Irrigation Efficiency = 65%
Meteorological station = Dilla
Date ETo Planted Crop Total Effect. Ire. FWS
Area Ko Rain Rain Req.
(rmm/s/period; (¥ 0000000 ————————— (rmmsperiod) ——————— (1/=/ha)
912 183. 36 188a. 868 a. 48 51.83 44. 96 a. a8 a. a8
8.1 111.49 1600. 068 8.6z 6z.14 S51.489 18.27 a8.11
o2 116.38 1600. 068 1.64 96.03 72.61 48. 93 a.z9
93 114. 82 i1868. 08 1.25 123.38 9. 48 53.13 a. 3z
84 188.52 i06. 08 1.25 148.93 182. 66 32.99 a.za
8-5 99.98 i06. 08 1.25 148. 82 189. 22 15.76 a.a9
776 91.95 i06. a8 1.25 148. 39 11@. 72 4. 22 a.683
7 86. 62 188a. 868 1.25 . 141.549 188. a8 a.z27 a. a8
6.8 85.18 188a. 868 1.:25 186. 38 129.94 181. 78 4. 68 a.8a3
5.9 87.35 1600. 068 1.17 18z2.8:2 114.74 9z.17 9.85 8. 06
S/108 9z. 22 1600. 068 1.61 23.12 96. 64 72.61 13.51 8. 08
411 97.86 16060. 068 a. 85 83.37 Jo.3z2 G4, 45 18.92 a.11
4,12 16.868 i06. 08 a.76 1z2.78 18. 65 9.15 3.63 a.13
Total 121=2.37 1257.26 1340.48 1836.73 224.14 €0.11y

# ETo data is distributed using polyvnomizl curve fitting.

Appendix Table 20 Banana monthly irrigation wagguirements at Dila station

AR R R R SRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
Crop Water Requirements Report

PR P PE BE PEPE I PE T BEBE M N NE MENE N NE N BB BE P RE BEPE BE PEPE I PEPE BEME I BE N NEME NN NE M BB E P RE BEPE BE PEPE I PE PE I BE I BEMENE ME NN N NE WM

- Crop #H 1 : BAMAMA (second yedar, Mediterranean, 15 Mov dormancy)
— Block 1 tAll blocksy
— Planting date : 811

— Calculation time step = 30 Day (s)

— Irrigation Efficiency [S1=)4
Meteorological station = DillasA|
Date ETo Planted Crop CUWR Total Effect. Irr. FuWs
Area Kc [ETm) Rain Rain Req.
(mm/period ¥ 00000 ————————— (mmsperiod] —-————————— (1-s-hal
8,11 98.56 i068. 68 i.6808 98.56 73.58 62. 29 36. 27 a.zz2
8,12 183. 16 i1868. 68 1i.680 183. 16 51.64 45. 43 57.74 a.34
771 111. 22 18a. a8 1.88 111.22 6a. 97 58. 35 aa. 87 a. 36
b2 116. 24 18a. a8 1.88 116. 24 94.98 71.93 44. 31 a.z26
8.3 114.96 180. 08 1.681 116. 46 1z22.54 89.89 26.58 a.l1ls
274 i184. 78 16806. 08 i1.18 119.77 140. 508 i18z. 34 17.43 a.14a
E] i88. 27 16806. 08 1.19 119.12 148. 78 189.088 18.03 a. 8o
6.6 9z.19 1868. 08 1.z28 118. 62 148. 52 11@a. 74 a. a0 a. aa
6.7 86.74 i068. 68 1.20 1i04. 08 141. 86 188. 15 a. 80 a.aa
5.8 85.89 i068. 68 1.20 182,11 1368. 3% 181.97 a.14 a. a0
4.9 87.23 i868. 68 1.20 184.67 115. 38 9z.54 12.14 a.a7?
4,18 9z.04 18a. a8 1.13 183. 71 97.29 8a.a7 23. 64 a.14
311 15.98 18a. a8 1.81 16.11 14.29 11.94 4.17 a.15
Total 1z21=2.37 1325.686 1348.48 1836.73 293.32 t0.14ay

#* ETo data is distributed using polynomisl curve fitting.
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Appendix Table 21 Sugarcane monthly irrigation waggjuirements at Bilate station

PE € € E B BE M PEBE BE EME BE M PEBE NE BE BE BE NE NP NE B B ME BE MM RE BE BEME NE NP RE BE B ME BE NP BE BE BEME BEBE P RE XE B M BENE MM RE B W MENE MM RE XE M ME M MR NE WM N

Crop Water Requirements Report

PE € € E B BE M PEBE BE EME BE M PEBE NE BE BE BE NE NP NE B B ME BE MM RE BE BEME NE NP RE BE B ME BE NP BE BE BEME BEBE P RE XE B M BENE MM RE B W MENE MM RE XE M ME M MR NE WM N

— Crop #H 1 ¢ Sugarcane [(Ratoon)
— Block # : £All blocksy
— Planting date o 6s18

— Calculation time step = 308 Day (=]

— Irrigation Efficiency 65X
Meteorological =station = Bilate
Date ETo Planted Crop CWR Total Effect. Irr. FuWs
Area Kc [ETm] Rain Rain Req.
(mmsperiodl (¥ =0 ————————— (mmsperiod] —————————— (1/s-ha)
61068 i181. 368 i068. a0 a. 4a 48. 52 47.12 43. 30 a.aa a. 06
511 i181.74 1806. 00 8.6z 63.80 J6. 48 34. 34 =Z8. 00 a.17z
512 99.23 i1868. 00 1.84 183. 50 29.61 28. 29 75.21 a. 45
4.1 181.67 1806. 00 1.25 1=27.08 33.11 368.94 26.15 a.s57
372 185. 48 i1868. 00 1.25 135. 508 47. 74 42 . 80 9278 a.55
5.3 189.92 i8a. aa 1.25 137. 408 62.96 55.14 8227 a.49
4.4 i187. 34 i1868. 00 1.25 134.17 75.75 65.57 a8. oa a.41
4.5 182. 84 i8a. aa 1.25 128.55 83.91 72.34 56.21 a.33
3.6 28. ob i1686. 00 1.25 123. 34 go.22 74.44 48. 28 a.z9
3.7 96. 43 i068. aa 1.17 112. 69 82.56 71.75 48. 94 a.z24
2,8 26. 04 i1686. 00 1.681 97.64 73.87 6d. 95 32.69 a.19
1.9 98. 66 i068. a0 a. 85 B4.09 61.94 55. 48 Z8. 68 a.17
1,18 16. 069 186. 00 8. 76 12.69 9.87 B6.21 4. 48 B.16
Totzal 1239.53 13860.17 730.33 647. 48 655.47 tO.32y

* ETo data is distributed using polynomial curwve fitting.

Appendix Table 22 Banana monthly irrigation watguirements at Bilate station

BE 3 BE B BE BE BEBE B RE B BE B BERE M BE BEBERE BEBE B BE E BE B BERE M BE BEBERE M RE BB ME BEBE B BE ME BE B B RE M ME BECBERE M RE BB E BE B B CRE M ME B BERE M ME BB RE BB MM MM

Crop Water Requirements Report

BE 3 BE B BE BE BEBE B RE B BE B BERE M BE BEBERE BEBE B BE E BE B BERE M BE BEBERE M RE BB ME BEBE B BE ME BE B B RE M ME BECBERE M RE BB E BE B B CRE M ME B BERE M ME BB RE BB MM MM

— Crop # 1 : BAMAMA (second yedar, HMediterranean, 15 Mov dormancy)
— Block # : tAll blocksy
— Planting date o 6/s18

— Calculztion time step = 38 Day(s]
— Irrigation Efficiency = 65X

Meteorological station Bilate
Date ETo Planted Crop CUWR Total Effect. Irr. FWs
Area Ko (ETm) Rain Bain Req.
(mm period)] (#) (mm/period] —————————— (1-=2,ha)

6710 i@1. 38 i86. a8 1.86 1z 43. 308 S58. 00 a. 34
511 181.74 i8a. aa 1.86 48 34. 34 67.39 a. 4a
212 99.23 180. 00 1.6806 al 28. 29 78.94 8.4z
4.1 1681.67 i186. 00 1.0806 11 38. 94 78.73 8.4z
372 1688. 46 i068. a8 1.81 74 42. 80 67 .86 a. 4a
5.3 189.92 180a. a8 1.18 96 55.14 65.95 a. 39
4.4 187.34 1806. 00 1.19 75 65. 57 6l.924 a.37
4.5 1682. 84 i1868. a8 1.28 91 72.34 51.8a7 a. 38
3.6 98. 68 i068. a8 1.20 22 74. 44 43. 97 a.26
3.7 96. 43 180a. a8 1.z28 56 Z1.75 43. 97 a. 26
278 26. 64 108. 90 1.z208 87 6d4. 95 Sl.062 8. 36
1.9 98. 66 1068. 00 1.13 94 55. 48 55. 82 a.33
1718 156. 69 i8a. aa 1.81 9.a7? B8.21 8.70 a.31
Total 1239.53 730.33 647, 48 716.58 t8. 35y

# ETo data is distributed using polynomial curwve fitting.
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7.3. Double M ass Curve Analysis Result
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Appendix Figure 1 Double mass curve for the comarsg of Gidawo river at Meissa gauging
station
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Appendix Figure 2 Double mass curve fordbesistency of Kola river gauging station
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Appendix Figure 3 Double mass curve for the comars¢ of Gidawo river at Aposto gauging
station.
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Appendix Figure 4 Double mass curve for the coaarsy of Dilla meteorological station
rainfall data
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Appendix Figure 5 Double mass curve for the coaaisy of Yirgalem meteorological station
rainfall data
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Appendix Figure 6 Double mass curve for the coaarsy of Bilate meteorological station
rainfall data
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Appendix Figure 7 Double mass curve for the coaarsy Hawassa meteorological station
rainfall data
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