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1. INTRODUCTION
1.1. General Information
The watershed management study is generally accepted and vital groundwork to endow sustainable irrigation development activities. It is an iterative process of integrated decision-making regarding uses and modifications of lands and water resources within a watershed. This process provides a chance for stakeholders to balance diverse goals and uses for environmental resources, and to consider how their cumulative actions may affect long-term sustainability their development projects and the resources.

Watershed management study related to agricultural activities is very crucial to plan, execution of soil and water conservation practices, and other socio-economic interventions. This study will consequently control the soil loss, reduce the run-off, and improve the livelihood of the community and thus will provide more time of concentration for run-off water to infiltrate into soil, which will finally contribute to ground water. It is, therefore, essential to have a watershed as a basis for planning and implementation of various soil and water conservation programs.
Having considering the essence of watershed management study to irrigation projects, the Oromia Irrigation Development Authority (OIDA), has planned feasibility study Bite – Chole Small Scale Irrigation Project (SSIP). It has thus signed a consultancy agreement with TERRACE Engineering PLC, a renowned water resource consulting firm, to execute the feasibility study, where the watershed management is one of the sector studies incorporated under the feasibility study of SSIPs. 
The purpose of this integrated watershed based study is to restore the productivity of the degraded land in the project area, protect the irrigation channel, irrigation command area and weir site from siltation and flood attack, through considering the population density, agricultural practices, topographic futures, drainage density and others. Similarly, the remarkable stress due to clearance of natural vegetation cover for charcoal, fuel wood and conversion to agricultural land, and to some extent over grazing of the pastures, their carrying capacity shall be contest.
In view of this, TERRACE has completed the study. This report is, therefore, prepared by the consultant so as to present the findings of the feasibility level watershed management study. It gives detail information that will help to make informed decisions during the implementation and operational phase of the project. 

The Bite watershed, meaning the catchment, which drains to the irrigation project site touches Ambo, Amaya, Jibat, Tikur Enchini, Toko Kutaye and Wonchi Woredas. The main rivers that characterize this watershed is Bite River. 
1.2. Objective of the Study
The main objectives of this watershed management study are to:

· Identify the biophysical and socio-economic problems of the watershed for different land uses

· restore the productivity of the degraded land in the project area

· keep the sustainability of the irrigable command area and weir site
· Address the past and present problems of the soil erosion and if any flood hazard and the consequence of such on a community.
· Identify the cause and responsible agent or such environment degradation activities

· Present the expected solution of the watershed areas after implementation of the project.

· Present and justify the existing conservation practices that need upgrading, adoption and promotion.
· Recommend appropriate soil and water conservation practices.

· Estimate the cost required for implementing the proposed watershed management plan
1.3. Scope of the Study
The watershed study has investigated the land use and land covers, soil and vegetation types, and current erosion status. Erosion hazard assessments were made through site investigation in addition to RUSLE soil erosion analysis. Overall status of the watershed and existing activities, including indigenous, practices were assessed. The following points define the scope of the study:

· Proposing the structures that provide appropriate integrated watershed management options that reduce downstream effects due to sedimentation;

· Recommend different conservation measures based on local conditions so as to prevent the removal of the fertile topsoil; 

· Preventing fragmentation of the land due to formation of gullies;

· Analyze and map erosion hazards in the watershed;

· Assess current activities for soil and water conservation in terms of coverage and effectiveness;
· Mapping of the Agro-Ecological zones within the Catchment;
· Determine important hydrological parameters;
· The plan map carefully drawn (at least at 1:50,000 scale), showing wereda, kebele, and sub-watershed;
· Present current the Land use and land cover conditions;
· Land capability classification;
· Estimating the cost required to implement the proposed watershed management plan;
2. METHODOLOGies empoyed in the Study
2.1. General Approaches and Processes of the Study

As a part of this study, Digital Elevation Model (DEM), satellite imagery, previous studies and metrological data for the watershed were procured. Based on the ground truth studies, the land use and land cover map of the watershed were prepared. As a next step, using the topographical and physiographical data as available with various secondary sources and the land use map vulnerable to soil erosion were identified and suitable watershed management measures for arable and non-arable lands were suggested. The cost required for the implantation of the watershed management plan along with institutions responsible for the implementation was identified.

A package of Physical, Agronomic and biological soil and water conservation measures were recommended as per land capability class resulting in integrated soil and water conservation development plan. Moreover, Rainfall erosivity, topography, Agro-climate, Farming system and others Socio-economic circumstances were considered as criteria. Similarly, Past and present experiences in receptivity of framers to the introduced engineering soil and water conservation measures were considered. These all findings were used for planning of many different forms of watershed management study for sustainable irrigation development projects.
A study conducted on Bite watershed revealed that the good vegetation cover is converted to agricultural land through long period of time and soil erosion is high to very high almost half of the watershed. Whereas in the area under good vegetation cover, low slope class and some practice of soil and water conservation has got slight to moderate degree of erosion. The major challenge observed was low awareness of the community in natural resource conservation. Demographically, there is moderate population pressure where by many areas of land are available for cultivation. The exploitation of natural resources is being induced for cultivation and cutting of trees for sale. In many places, the depth of soil is good enough to support agricultural activities with some external inputs. 

Land degradation in the watershed is associated with land clearance for agriculture and improperly laid out of drainage channels in the cultivated lands. The number of livestock is found to be incompatible with carrying capacity of existing grazing lands. It has been observed that there is high rate of over grazing on both grazing lands and cultivated lands during dry periods. Failures of soil and water conservation structures are also highly correlated with free grazing of livestock.
The land use and land cover types of the watershed is characterized by crop-cultivation, open woodland, riparian forest and afro-alpine. Similarly, very limited soil and water conservation types were observed within the watershed. 
Generally, the methodology followed to characterize the Bite Watershed comprised of detailed field survey with interviewing of key informants, group discussions with the communities, collection of relevant secondary data, and review and analysis of data. A review of previous studies, an assessment and understanding of degraded land, soil erosion hazard were also done. The following section gives detail description of the methodology pursued.
2.2. Pre-field Work
2.2.1. Base Map Preparation /Delineation of the Watershed

Prior the fieldwork, effective watershed management program were carried out on a relatively intensive effort that calls up on a careful delineation of the major watershed in to its sub-sequent lower level units. The catchment draining to the main River was delineated from digital elevation model (DEM) and was considered as major watershed based on the criteria set on Community Based Participatory Watershed Development: Guideline (MoARD, 2005). Similarly, the major watershed was sub-divided in to its micro watersheds.

2.2.2. Secondary Data Collection

In line with this, review of previous studies and interpretation of available satellite image and topographic image were made, and finally a base map showing the land use and land cover condition from satellite image and slope from DEM were prepared as reference start for field investigation.

· Collection of available Data and Secondary Information 

· Review of previous study reports;

· Collection of secondary data and information from government organizations, projects and nongovernmental organizations;

· Interpretation of topographic map (1:50,000) 

· Climate and hydrology from the sector report

· Socio-economic from sector report 

· Moreover, data collection checklists were prepared
2.3. Field Work

Field observation and investigation on the physical situation of the watershed, on the extent and degree of the soil and water erosion problems, existing soil and water conservation practices, land degradation, flood affected problem through extensive traveling to different parts of the watershed and spot checks was made. Specifically; on

· Land use and land cover types, and density of coverage, Vegetative cover and farming system of the area.

· Information on various physical parameters of soils such as: color, texture, depth, stoniness, structure,

· Evaluating the technical aspects of the existing soil conservation measures 

· Taking inventory of soil and water conservation measures undertaken by various organizations 

· Taking inventory of indigenous conservation measures practiced by land users

· Discussion (on the basis of a checklist) with Wereda Agricultural Office, Development agents, and PA leaders, regarding:

· Soil erosion/land degradation problems (type, extent, causes, symptoms, impacts);

· Community awareness, attitudes and reaction to the problem;

· Moreover, non formal interviews and group discussions was made with farmers, women, elders, youth, religious leaders, school children and teachers  (on the basis of a checklist) regarding:

· Environmental patterns including population pressure (both human and livestock) related issues, patterns in the condition of the vegetation cover, rainfall pattern, economic and living conditions, livestock performance, etc and impact on natural resources.

· Issues that reflect on the community’s awareness and attitudes towards soil erosion and land degradation (major problems of the area, priority of problems, causes, measures considered appropriate, etc., areas considered to be severely affected by degradation and why so, etc.) 
· Services or support obtained from government and other organizations in natural resources conservation in general and watershed management in particular.
2.4. Post Field Work

The data and information's collected in the field were compiled and analyzed. Moreover, climate, soil, land use/land cover, slope, farming practice and other factors were analyzed to determine soil erosion and land degradation assessment.
2.4.1. Soil Erosion Hazard Analysis
The Revised Universal Soil Loss Equation (RUSLE) was used in developing the conservation plan and land use decisions, which further, helps to estimate the potential soil loss of the study. Mathematically the equation is denoted as:

A (tons/ha/year) = R * K * L * S * C * P

Where A is the mean annual soil loss, R is the rainfall erosivity factor, K is the soil erodability factor, L is the slope length factor, S is the slope steepness factor, C is the crop management factor and P is the erosion control practice or land management factor.
2.4.2. Sediment Yield

Similarly, the sediment yield of the intended watershed command area at the outlet was estimated. The sediment delivery ratio (SDR) denotes the ratio of the sediment yield at a given stream cross-section to the gross erosion from the watershed upstream from the measuring point (Julien, 1998). To generate the sediment yield at the outlet, empirical equations were carried out.

SDR = A-0.2
Where, SDR denotes the sediment delivery ratio and A denotes area of the watershed. The SDR physically means the ratio of the sediment routed to the outlet over the watershed, both overland and channel. Sediment yield is commonly estimated by the following empirical formula:

Sy=E*(1/A0.2)

Where, Sy= Sediment yield (tons per year) at the watershed out let; E = total erosion (ton); A = watershed area (ha).

2.4.3. Determination of Hydrological Parameter

SCS Unit hydrograph is a techniques developed by the U. S. Soil Conservation Service (12) for calculating rates of runoff require the same basic data as the Rational Method: catchment area, a runoff factor, time of concentration, and rainfall. The SCS approach, however, is more sophisticated in that it considers also the time distribution of the rainfall, the initial rainfall losses to interception and depression storage, and an infiltration rate that decreases during the course of a storm. With the SCS method, the direct runoff can be calculated for any storm, either real or fabricated, by subtracting infiltration and other losses from the rainfall to obtain the precipitation excess.
Ia is the initial abstraction before ponding (in), Ia=0.2S

P is the cumulative rainfall (in)

Q is the runoff (in)

Q is estimated from the following relationships:
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SCS (Soil Conservation Service) Lag Formula

Tc = 0.00526 L0.8 (1000/CN – 9)0.7 S-0.5

 Where L = watershed length (ft)

S = watershed slope (ft/ft) S = the watershed gradient (ft/ft) or the difference in elevation between the outlet and the most remote point divided by the length L.



CN = curve number

The surface runoff and the peak runoff rate from (1) are estimated in the hydrological module. The peak runoff rate (Arnold et al., 1994) is calculated as

q    alpha* Q A


3.6 *T  

Where A is the drainage area in km2, tc is the basin’s time of concentration in h, and α (runoff coefficient) is a dimensionless parameter expressing the proportion of total rainfall that occurs during tc.
2.4.4. Compilation of the Study Outputs
a) Characterize and Identify:

· The Major Problems of the Watershed

· Types and forms of Water Erosion

· Soil Erosion Hazard in the Watershed

b) Indicate the proper Conservation Measures Suitable of each land class of the Watershed:

· Agronomic Practice

· Biological Soil and Water Conservation Measures

· Physical Soil and Water Conservation Measures

c) Cost Estimate for each Recommended Conservation Practices
3. Description of the project area

3.1. Location
Bite watershed is located within Oromia regional state. The watershed command area covers a total area of 71623 ha; geographically it is located between 331988 m and 376036 m longitude and 961833 m and 992721 m latitude at about 127 km from Addis Ababa through Ambo town. The Bite watershed is situated at an altitude of about 1949 to 3360 m.a.s.l. The Bite watershed majorly embodies six Weredas, namely: Ambo, Amaya, Jibat, Tikur Enchini, Toko Kutaye and Wonchi.
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Figure 3‑1 Location Map of Bite Watershed
4. REVIEW OF PREVIOUS STUDIES
4.1. Geomorphology and Soils Map of Ethiopia, 1984 

The Land use planning and regulatory department (LUPRD) of the ministry of agriculture has prepared this document. The LUPRD has made a good effort in producing geomorphology and soil map of Ethiopia that shows the landforms and soils types at scale of 1:1,000, 000. This basic landform and soil mapping was carried out at national level covering the entire areas of Ethiopia as part of the assistance to land use planning Project.

To prepare geomorphology and soils map of Ethiopia LUPRD, (1984) used readily observable and relatively stable properties that are unlikely to change rapidly in response to management practice. The mapping units were achieved by delineating geomorphic units (group of land system or individual land system) from interpretation panchromatic Land sat MSS imagery. However compared to the current TM or SPOT imagery, the resolution is poor. The basic assumption in the preparation of the map is that geomorphic units delineated by manual interpretation of the land sat contain recurrent patterns of landforms, soils and vegetation. The study has identified four major soil types named Vertisols, Luvisols, Fluvisols and Regosols in the watershed.
4.2. Abbay River Basin Master Plan Project, 1999

BCEOM-French Engineering Consultants under took this study in association with ISL and BRGM in 1999. The Abbay Basin is by most criteria the most important river basin in Ethiopia. It accounts for about 17.5 per cent of Ethiopia’s land area; 50 per cent of its total average annual runoff; and 25 per cent of its population.

A study conducted on soil erosion and conservation on large-scale mechanized farms in Ethiopia. On the other hand, Hurni (1983) investigated the soil formation rates for the whole of Ethiopia to be in the range of 2 to 22 tons/ha per year. This value helps to assess net soil degradation rates and to evaluate the rate and feasibility of soil regeneration after conservation. The comparison between the soil formation rates and losses shows that there is tremendous degradation of soil in part of the project area.

In a more general way, the study of soil erosion situation and the efforts made so far in soil and water conservation were carried out by BCEOM, 1999 in Abbay Basin Master Plan Project. This report would be relevant to the target area of study. The study indicated that soil erosion in the basin and also in Ethiopia as a whole has reached at the alarming levels and is increasing under the combined pressures of increasing population and de-vegetation. In light of this, the study further suggested that soil and water conservation strategy should focus on conserving currently productive land at the expense of reclaiming degraded lands. In principle, soil erosion is directly linked with the disturbance of soil or land through cultivation, and thus strategy of erosion control must focus on cultivated land.

The annual rainfall varies between about 800 mm to 2,220 mm, with a mean of about 1.420 mm. relatively high rainfall is found in the southern part of the basin where it persists over a relatively long period (April-October). A second area of relatively high rainfall lies in the centre of the basin and has a shorter, more pronounced wet season.  To the east, rainfall is relatively low but follows a bimodal pattern with peaks in April/May and July/September. Rainfall generally declines towards the North West over the eroded hills and plains.  The mean temperature of the basin is 18.50C, with mean minimum and maximum daily temperatures of 11.40C and 25.50C respectively. Average annual potential evapo-transpiration (PET) is estimated to be 1,310 mm.  Numerous climatic variations reflect rain shadow effects and other local factors.

Population pressure has contributed to severe land degradation in parts of the highlands, notably along the eastern border in Wello and Shewa where soil cover is poor, rainfall is low and, the population is vulnerable to drought.  Further to the west--in the centre of the basin, rainfall and land conditions are more favorable. To the south, the long rainy season allows perennial cropping, notably of coffee, which supplements peasant incomes. The rolling uplands and plains to the west and north-west are relatively inaccessible and under-developed, with a population traditionally engaged in shifting cultivation and herding.  Provided access and other infrastructure can be improved, and human and animal health constraints can be overcome, these areas provide major potential for new settlement.

The basin accounts for perhaps 27 per cent of the national livestock herd.  Livestock are an integral part of the rural economy, both for farm power and as a source of meat and other products. Competition between subsistence agriculture, grazing and fuel wood has led to continuing encroachment onto marginal lands and threatens the sustainability of large areas.  Soil erosion is a serious and growing issue leading to loss of top soil, a decline in soil fertility and heavy siltation of the streams and rivers.

Extensive soil degradation has occurred on steeper sloping lands where intensive cropping and excessive grazing occurs without adequate soil protection. It has long been recognized as a major problem and various soil conservation programs have been implemented with varying success throughout the country. A major contributor to the program has been the UN World Food Program, which has provided food support for soil conservation programs that have mainly concentrated on terrace construction. However, the continued maintenance of soil conservation structures is a major problem and the peasant farmers having no direct land ownership rights (Conservation Strategy of Ethiopia, 1996) probably exacerbate this.
5. DESCRIPTION OF the WATERSHED
5.1. Bio-physical Features
5.1.1. Climate
The climate of Ethiopia is influenced by seasonal variations in the intertropical Convergence Zone (I.T.C.Z). The seasonally changing northeast and southwest trade winds, each containing different amounts of humidity, converge in this equatorial low-pressure zone. In addition to geographically determined rainstorms, intense precipitation often results primarily from thermal convection. Annual precipitation is concentrated during periods when the sun is at its peak in the form of long or short rains. The long rains are known as Kiremt and the short rains as Belg.
The main climatic information that is most important for watershed management is rainfall and temperature. Others like evapo-transpiration, relative humidity, solar radiation are subsidiary for planning watershed management. Moreover, the importance of such climatic data can be implied from rainfall and temperature. The monthly rainfall within and nearby areas of the watershed were collected from metrological station namely, Guder metrological Station, the details of which are given in Appendix Table 1. 

Peak rains in the project area are observed to concentrate between the months of June to August. Almost all months of the year receives certain amount of rain, with the minimum being in the month of December. Figure below shows graphical representation of monthly rainfall for Guder metrological Station watershed.
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Figure 5‑1 Mean monthly Rainfall of Bite watershed
The area is characterized by a humid tropical climate of heavy rainfall in its upper highlands. Almost 80% of the total annual rainfall is received during Kiremt. The maximum and minimum monthly temperature varies between 26.2–29.10 C and 4.4–10.40C, respectively. The altitude ranges between 1949 and 3360 meter above sea level. The dominant agro-ecology is Moist Dega (see figure below).
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Figure 5‑2 Agro-Ecological zone of Bite Watershed
5.1.2. Land Use and Land Cover

The identification and mapping of the present land use classes of watershed is essential part of watershed management. The way a given land unit is used determines the hydrologic characteristics of watershed and development potentials and constraints. A plan of watershed management should be based on the type of land use along with other factors that define the conditions. Moreover, the type of land development intervention is directly related to the land use. Thus, the identification and mapping of the land use/cover for Bite watershed was made and eight major and dominant classes of land use have been identified. This major types of the land use and land cover identified are cultivated land, Guder town, Bush land, Grassland, open woodland, homestead and afro-alpine.
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Figure 5‑3: Land use and land cover of the watershed

Of the total watershed area of 71623 ha considered for watershed management program 55,257 ha (77%) is cultivated, 12,158 ha (17%) Bush land, 259 ha (0.3%) afro-alpine, 55 ha (0.1%) homestead, 375 ha (0.4%) open woodland, and 3402 ha (5%) grassland (see table below).
Table 5‑1 Land use and Land cover of Bite watershed
	Types of Land use/Cover
	Area (ha)
	Area (%)

	Cultivated Land
	55257
	77

	Grassland
	3402
	5

	Guder town
	116
	0.2

	Bushland
	12158
	17

	Afro-alpine
	259
	0.3

	Open woodland
	375
	0.4

	Homestead
	55
	0.1


5.1.3. Topography

Slope of the watershed is categorized as indicated in Table 5-2 and figure below. The categorization is as per practice prevalent in Ethiopia for soil and water conservation. Such classification and categorization is also useful tool for land capability classification. The characteristics of the different land uses and identified land class units (LCU) are indicated in Table 5-2. The table depicts that the dominant slope of watershed is in the range of 15 to 30 percent, average being 22 percent, which is adequate slope to initiate erosion.
Table 5‑2 Area (ha) of Slope class versus land use and land cover of Bite Watershed
	Slope Class (%)
	Cultivate land (ha)
	Grassland
	Guder town
	Bushland
	Afro-alpine
	Open woodland
	Homestead

	0-3
	7178
	1080
	6
	858
	27
	21
	1

	3-8
	5565
	151
	39
	351
	5
	8
	6

	8-15
	9755
	304
	42
	1067
	9
	32
	11

	15-30
	21674
	1232
	28
	6013
	99
	222
	30

	30-50
	6982
	462
	2
	2720
	65
	78
	7

	>50
	4104
	174
	-
	1149
	54
	14
	-


Cultivation takes place in most of this slope range. Soil and water losses from field are influenced by the steepness, length and shape of slopes. The shape of slope is expressed in terms of curvature. Slopes may be roughly convex or concave. Convex slopes increases in steepness toward the bottom. Thus, runoff velocity also increases toward the bottom of slope. Whereas concave slopes flatten out toward the bottom of the slope and sediment carried in runoff water settles out as flow velocity decreases. With intense rains and high velocity of flows, however, water may concentrate in concave slopes and start gulling. If gulling does not occur, the area toward the bottom of slope accumulates high organic matter and surface soil, and becomes more valuable as cropland. On convex slopes there is no deposition, only removal, and these slopes become progressively poorer. Slopes of Bite watershed areas are more of concave type of slope curvature that has minimal cause to generate erosion and run-off.
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Figure 5‑4 Slope categories for Bite watershed
5.1.4. Soil Types

Soils have particular importance in watershed management. The significances of soils characteristics, which influence the process in a watershed, are soil permeability, soil erodibility and compositions of nutrients that help vegetative growth. These characteristics are influenced mainly by soil properties such as soil texture, structure, depth, organic matter content, soil fertility, soil reaction, soil colour and stoniness. These properties of soils are highly important parameters in watershed development planning. The decisions taken during the planning process ought, therefore, to reflect at least a basic level of knowledge about the soil conditions. According to BCEOM, 1999 on Abbay Basin Master Plan Project soils classification, three major soils have been identified for Bite watershed; namely Fluvisols, Nitisols, Vertisols, Luvisols and Alisols. The soil map for Bite watershed is shown in Figure below.
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Figure 5‑5 Soil Map of Bite watershed
(I) Vertisols
Vertisols have strong brown or red B-horizon. Such types of soils possess vertic properties, containing a high content of swelling clays that crack in the dry season, and swell in the rainy season causing impeded drainage. Vertisols have a fairly good but limited agricultural potential because the land is rather difficult to prepare. Dry soils are hard and wet soils are very sticky. Vertisols are widespread in the lower slopes in the form of pellic in the watershed. They are broadly distributed and found commonly as pellic Vertisols in the lower part of the catchment (see Figure below). Pellic Vertisols are dark, almost black. Vertisols are most difficult soils in management. They have black color and originate from volcanic or volcanic sediments. Vertisols are characterized by 5.5 – 8.2 pH, with very high CEC, more than 50 cm deep, poor drainage and difficult workability. These soils are often referred to as problematic soils owing to the behavior of creating difficulties for cultivation. However, the soils have high agricultural potential under fertile conditions, because of their nature to hold moisture for longer period. Run-off formation from Vertisols is high and hence Vertisols are susceptible to erosion unless properly managed. It becomes apparent that undertaking structural conservation measures is difficult on Vertisols owing to the instability of such soils. The organic matter content of Vertisols is often no more than 0.5 – 1.0%.
Table 5‑3 Distributions of Soil types in Bite Watershed
	Soil types
	Area (ha)
	Area (%)

	Calcic Vertisols
	719
	1

	Chromic Luvisols
	9506
	13

	Eutric Fluvisols
	17804
	25

	Eutric Leptosols
	197
	0.3

	Eutric Vertisols
	4084
	6

	Haplic Alisols
	32345
	45

	Haplic Luvisols
	5682
	8

	Haplic Nitisols
	1286
	2


(II) Luvisols

Luvisols are soils that have a higher clay content in the subsoil than in the topsoil as a result of pedogenetic processes (especially clay migration) leading to an argic subsoil horizon. Luvisols have high-activity clays throughout the argic horizon and a high base saturation at certain depths. Luvisols are Soils having an argic horizon with a cation exchange capacity (in 1 M NH4OAc at pH 7.0) equal to or greater than 24 cmol (+) kg-1 clay, either starting within 100 cm from the soil surface or within 200 cm from the soil surface if the argic horizon is overlain by material that is loamy sand or coarser throughout (FAO, 2001, WRB, 2006). 
The Luvisols of the study area are the most widely distributed soil type and classified as Haplic Luvisols. The surface textures of the Luvisols are clay and clay loam and the effective depth range is greater than 200 cm.
5.1.5. Drainage

The major river in Bite watershed is Bite. The general direction of the river is from the south to the north. The rivers mainly originate from Jibat highlands characterized by afro-alpine vegetation type, which contribute to the lower part. Peak rains concentrate between the months of June to August. The Bite watershed is situated at an altitude of about 1949 to 3360 m above sea level.
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Figure 5‑6 Drainage pattern of Bite watershed
5.2. Socio-economic conditions

5.2.1. Demography

Population distribution for the watershed and the respective Woredas as a whole is indicated in Table 3. The total of population in the district is 289,466; out of this 144,555 is male and 144,911is female. 

Table 5‑4 Population of respective Woredas in the watershed
	Woreda
	Total for the Woredas

	
	Male
	Female
	Total

	Ambo
	63,365
	63,365
	126,730

	Toko Kutaye
	72,957
	73,630
	146,587

	Wonchi
	977
	928
	1,905

	Tikur Enchini
	2,198
	2160
	4358

	Jibat
	1899
	1730
	3629

	Ameya
	3159
	3098
	6257

	Grand total
	144,555
	144,911
	289,466


Source: Agriculture and Rural Development offices of respective Woredas, 2015 and CSA
5.2.2. Economic Base
Agriculture is the main economic base and it is a livelihood for the community. The area has a great potential for crop production and animal production. Crop production is practiced in the area using both rain fed and irrigation. The study area produces a good proportion of Maize and Teff production and contributes substantially to local food security by producing a substantial surplus of grain. Moreover, within Bite Watershed the vegetables produced are Cabbage, Pepper, onion, Garlic, Sweet Potato, Beetroot, Tomato and Carrot under irrigation and crops such as Wheat, sorghum, Noug, Beans, Chick Peas, Flax, Lentils and Haricot beans under rain fed.
5.2.3. Farming System

Land preparation is done by using the traditional way of plow drawn by two oxen. The number of plowing vary from one crop to another, within a given crop also the frequency of plowing vary due to the presence or absence of enough labor and animal power. Land preparation starts just after the harvest of the previous crop and continues to mid July. The method of sowing for most of the crops is by broad casting. After the crop has sown, weeding is practiced to decrease the competition of weeds for nutrients, light and moisture. Therefore, weeding is mainly practiced through hand weeding. In addition herbicides 2, 4-D is highly used in the project area to control the weed infestation. 

Harvesting is done by hand with the help of sickles. Harvesting is done when the crop reach at maturity. The harvested crop is collected at one place and left in the field until the grain moisture content becomes the required. After this, they transport it to the threshing area which is prepared for winnowing purpose, then they run over animals on the harvest to separate the grain from its cover.
5.2.4. Livestock Production
Live stock production is one of the means of livelihood of the people next to crop production in the watershed. However, in the project area crop production is widely practiced than livestock production. The majority of the lively hood of the community generated from crop production and to some extent from live stock production. 

The area is reputed for its livestock production but the community does not consider livestock holdings as a prestige in the district. The domestic animals found in the district are cattle, Goats, sheep, Horses, males, Donkeys, and chickens. Oxen are the only animals being used for ploughing in the district and around the project area. 

The sources of forage for the animals are natural grasses on communal grazing land both in dry and rainy seasons. Crop residue is also a source of feed in dry season after the harvest of crops. There is a shortage of animals feed during dry season after the crop residues are removed until the rain begins to rain. 

Since free grazing is a common practice in the district after the harvest of crops, animals feed whatever they get searching over a large area of land and then drink water in dry season to overcome the problem of shortage of animal feed. There is also a shortage of grazing land in rainy season because the farmers change grazing land to cultivated land from time to time.

Table 5‑5 Live stock population in the district
	No
	Type of livestock
	Ambo District
	Toko Kutaye
	Diseases of the area

	
	
	Qty
	Qty
	

	1
	Cow
	40,355
	47,660
	Foot & Mouth disease (FMD), Newcastle, Pasturollosis, Anthrax, Black legs, endoparasites (Faciolla), Coccidiosis, etc.

	2
	Ox
	38,813
	59,916
	

	3
	Goats
	30009
	49,000
	

	4
	Horses
	9,696
	17,600
	

	5
	Donkeys
	13,130
	14,245
	

	6
	Mules
	274
	3000
	

	7
	Sheep
	65,632
	47,349
	 


Source: Ambo and Toko Kutaye District, 2014
5.2.5. Existing Crop Production System

Agriculture is the mainstay of the community at the project area. Traditional crop-livestock mixed farming practices and high dependence on natural rainfall dominate the sector. Crops like, wheat, Tef, Maize, sorghum, Noug, Beans, Chick Peas, Flax, Lentils and other small vegetables are produced using small-scale traditional irrigation during the off-season. As witnessed by the local farmers the use of improved agricultural technologies such as improved seeds and fertilizers is not in use based on recommendation.

a. Existing Rain-fed Agriculture 

As the soil and climate is suitable for a wider variety of crop types, different crops and varieties are grown by the farmers of the area. However, improved technologies are not widely utilized, due to insufficient supply of the improved technologies to the farmers. 
b. Existing Rain-Fed Agriculture Cropping Calendar 

Length of growing period (LGP) of the crops is mainly determined by the area agro climatic conditions. As indicated before, agro-climatic zonation for this particular area is tropical sub-humid (more of highland with sufficient rainfall and scattered indigenous tree and more eucalyptus tree distribution are the observed in the command area). Hence, generally crops grown with such type of climatic conditions have a longer LGP (Total Growing Period) ranging from 90 to 180 days based on crop type and varieties. 

c. Existing Agricultural Inputs and Supporting Services

The main output of the research system in relation to crop production is to develop improved crop varieties along with appropriate agronomic production practices that can be used in crop diversification and specialization for food crops, as well as high value, market-oriented industrial and export crops. The supply of available agricultural inputs (selected seed, fertilizers and agrochemicals) are not satisfied the demand of the farmers community in the project area as well as in the district.

In general, with the development and promotion of irrigated agricultural production in the command area, there is a strong need to establish Research Centers at strategic locations and embark on identification of suitable crops and varieties as well as appropriate agronomic practices for irrigated crop production. This is one important intervention area which deserves due attention in future. In this regard, attempts should be made to strengthen the linkage between the Research Center and the Project where the center undertakes adaptation and on-farm irrigation water management demonstrations trials in the command area in collaboration with the concerned bureaus and farmers, in general.

d. Agricultural Extension
Modern agricultural technologies should be used extensively to address the problems of farmers that arise during production. Therefore, technologies that have been developed on the bases of agro-climatic zones must be disseminated to the farmers through systematic and well coordinated agricultural extension services. This requires the assignment of well trained Development Agents in the field of irrigated crop production at different levels to provide the necessary technical assistance to farmers. The establishment of Farmers’ Training Centers (FTC) is good opportunity to address modern agricultural extension in the area. The DA’s will use the FTC to demonstrate and train farmers on important and time bound operations to optimize agricultural production both by rain fed and modern irrigation. However, during our field visit the present agricultural extension service not as such changes the farming system of the community and needs attention to bring the radical change livelihood of farmers.
6. MAJOR PROBLEMS OF the WATERSHED

The descriptions of watershed given in this sections show the existing potentials and constraints of watershed. There are quite a number of problems of watershed, which may offer challenge to the development and resource base. The problems identified are based on the results of technical analysis of biophysical and socio-economic information of the watershed and results of discussions made with the community, Woreda experts and respective Bureau. The major problems can be grouped as land degradation in the form of deforestation and soil erosion and socio-economic. The detail is given in the succeeding sections. 

6.1. Land Degradation 

Land degradation is a process that lowers the current and/or potential capability of land to produce goods such as crops, livestock, fodder, fiber, building materials and fuel. Continued deterioration of land may lead to a permanent decrease of its biological potential and a deterioration of living conditions for inhabitants. The causes of these processes are invariably a combination of natural phenomena amid man’s actions such as the destruction of vegetative cover, overgrazing and inappropriate agricultural practices that are not in harmony with the ecological environment. It is man’s actions, often because of increasing population pressure, that extend and accelerate the processes of degradation. Water erosion includes sheet, rill, gully erosion and mass movements; salinization and alkalization refer to the accumulation of excess salts and sodium, and chemical degradation to the leaching and removal of nutrients and the buildup of toxicities other than those due to excess salts. Physical degradation includes those processes such as poor cultivation practices, which adversely affect soil physical properties such as infiltration rate, structural stability, root penetrability, and permeability. Some of these processes, which result in the exposure of the soil surface to rainfall, are closely related to sheet and rill erosion. Biological degradation refers to processes, which accelerate humus mineralization rates, and largely reflects the moisture/temperature regimes of the environment and land use practices. Other than salinization and alkalinization processes, all the rest are manifested in the project area with little occurrences of mass movement, which is limited only to riverbanks. 
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Figure 6‑1 feature of degraded land within Bite watershed
6.2. Soil Erosion by Water

Physical degradation of soil is the most spectacular in the form of sheet, rill and gully erosion. The most common forms of water erosion observed in the watershed are splash, sheet and rills on cultivated lands. Soil erosion is spectacular particularly during the early times of land preparation and planting. It is exacerbated by traditional tillage methods that are practiced in up-down direction along the slope and improperly laid and developed drainage ditches aimed at removing excess run-off. Moreover, tillage of the land at shallow depths is the practice that is adopted by the farmers particularly in soils of vertic nature. Shallow tillage increases formation of hard pans at shallow depths. These hard pans hamper or retard the infiltration and deep percolation of rainwater into the soil, consequently increases run-off. In addition, shallow tillage would not create adequate room for water accumulation in the soil layers and profiles. Farm drainage ditches are developed by individual farmers at steep gradients (greater than 15 per cent) in order to remove excess rainwater at faster rate. Such grades of drainage ditches cause generation of erosive velocity of run-off that can easily erode and transport soil. Since such drainage ditches are developed in all types of slopes, including nearly flat lands, erosion is spectacular in all types of lands used for cultivation of annual crops. Free grazing is found to be another reason for persistence of accelerated erosion. Furthermore, cultivation is practiced close to the stream banks and there is no any possibility of de-silting and filtering the runoff entering the rivers or waterways. Again, the water led to the riverbanks falls with certain energy, and consequently causes slide or mass movement of soil from the river banks.

6.3. Natural Vegetation Clearance
One of the forms of land degradation is removal of vegetation cover. Vegetation cover clearances by the people who are seeking cultivated land are seen to be one of the reasons for degradation. During discussion held with the community, it has been observed that such activities are becoming the daily practices. It is attributed to the need of having new productive land and increased population in the rural areas aspiring to hold land. Another important reason for vegetation clearing is related to the need to produce charcoal and collect firewood for sale and home consumption. Cutting of trees for collecting construction material is also another reason for deforestation owing to the availability of these resources in forest areas. Woodland clearing for agriculture involves a complete change in land cover from shrub land, woodland or bare-land and almost complete removal of wood in the cleared area has been the case. However, wood removed for fuel does not involve a complete and instant change in land cover. 

Situation can also be correlated with livestock population and size of available areas for grazing. The grazing in the watershed varies in quality and quantity, with the livestock species, each utilizing different portions of the natural vegetation. To determine the overall demands by livestock on the range it is necessary to relate their varying requirements to a common standard, which is stocking rate of the area. In relation to livestock population increment, these rates are too high against the acceptable standard for optimum livestock management. This indicate that the existing sizes of grazing lands are not adequate to carry the livestock The gap of feed is found to be filled by feeding the livestock with plant residues and browsing every possible left-over after crop harvest. The implication of free movement of livestock is that animals trampling accelerate land degradation through indiscriminate browsing of vegetation and disturbance to soil structure and established soil conservation measures. 
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Figure 6‑2 Vegetation clearances for Livestock and crop production
6.4. Shortage of Grazing Land and Livestock Feed 

The main challenge in this watershed is the inadequate supply of livestock feed as compared to the livestock population. The existing grazing lands are not to the expected standard. Grazing by domestic livestock must be considered as one of the factors of the environment affecting the stability of grassland vegetation and soil in a watershed. The effects of grazing will depend largely on the degree to which the forage is utilized. The quantity of herbage left after grazing will govern the growth and development of forage plant roots. 

The resulting damages caused by the overstocked grasslands are scant forage production, poor development and low production of animals, and the catastrophic period starvation losses of livestock. In addition, heavy grazing affects the vegetation as a whole by handicapping preferred species, thus favoring less palatable species; and by reducing the amount of foliage cover and litter, thus creating a drier micro-climate at the ground surface and inducing erosion. 

6.5. Socio-economic problems

6.5.1. Inadequate Extension Service 

The majority of the farmers, who were interviewed for this study, elucidated that the extension service provided in respect of natural resources management was not concomitant with other forms of extension. 

6.5.2. Problems related with Water Use

It is believed that there is ample rainfall in the watershed. There are also many rivers and springs that flow throughout the year. However, these water resources are not properly exploited. Furthermore, most of the people in the watershed benefit from traditional water supply schemes. These traditional schemes include rivers, hand dug wells and unprotected springs. The water obtained from the traditional schemes is not safe and in many cases people suffer from water borne diseases, such as typhoid. 
6.5.3. Improper Land Use

Improper land use refers to the use and exploitation of land beyond its capability without application of proper management. It also refers to the abuse of land in a way that is unsuitable to its potential. For, example steep slopes over 30% would be unsuitable for crop production without bench terracing but might be suitable for fruit trees, which maintain a year-round cover on the ground. Shallow soils may not be suitable for continuous field crop cultivation but could be used for this purpose in rotation with grasses. Balancing of the number of livestock with the carrying capacity of the grazing lands is another issue that should be considered. Overstocking of these grazing lands leads to deterioration of land and result in soil erosion and through selective browsing of animals to few plants, unwanted and unpalatable species of plants will overtake the grazing lands, consequently causing damage to the grazing lands. 

In some areas of Bite watershed, steep slopes are being cultivated without any soil and water conservation interventions. These lands should have been used for forest cover or for fruit tree production. If they have to be used for crop cultivation owing to the land scarcity, they should have been utilized with implementation of proper soil conservation measures. This is lacking in the watershed.

Cultivations of up-and-down slope have been seen to be practiced by some farmers, which is the worst case in accelerating soil erosion. Together with this practice, drainage channels have been established by almost all farmers met at a gradient more than 15% aimed at avoiding excess runoff, a gradient that is more than adequate to cause erosive velocity of runoff. Such alignment of drainage structures will cause more erosion than a land without a drainage structures. Many steep and abraded lands are not good to feed the animals, which in principle should have been closed from any interference of livestock and human beings, however, they are left open for free grazing.
7. EXISTING OPPORTUNITIES AND DEVELOPMENT STRATEGIES

7.1. Development Potentials 

7.1.1. Abundant Rainfall and Water Resources

The western parts of the country in general and the watershed in particular is endowed with abundant rainfall and moisture. These could be considered as the main resources that have a key role in fostering agricultural development. Water together with other inputs is a key factor for boosting agricultural development and sustaining it further to transit the economy of the country to industrialization. However, such existence of high rainfall is, in some cases considered as a negative phenomenon. Of course, if this resource is not properly managed and used, the consequence would be negative. The negative influences lie on flooding, soil erosion and sedimentation in poorly managed areas. The abundance of water by itself does not bring in development unless it is transformed into some useful things and made productive without causing its degradation. 
Moreover, the existence of adequate water resources offers a potential for future development, provided that the purpose is feasible and sustainable. In this regard, one of the purposes for which water is exploited is irrigation. The potentiality of water in this project site is reflected in terms of agricultural development. High rainfall contributes to the increase in water availability in the soil profile and consequently enriches the ground water potential and increases discharges of spring, rivers and the like. Implication of this is the increased chances of availability of base flows throughout the year, even during peak dry period. The resulting impact would create more room for expansion and promotion of irrigated agriculture. 

7.2. Opportunities

In watershed management, all the existing opportunities in terms of biophysical resources and socio-economic conditions for development have been identified. The opportunities of biophysical resources include those resources of soils that can be developed, vegetation, agro-ecologic suitability, water resources and overall potential of the watershed. Whereas the socio-economic conditions are market outlets and related infrastructures to sell the products, availability of able-bodied labor force; presence of conducive environment in terms of government policy and strategies, and above all commitment of the community to develop the watershed and benefit from it. The study identified the following opportunities that will support and achieve the development of the watershed in the future.

7.2.1. Opportunities related to Bio-physical Resources

· Water harvesting is one opportunity as an integral part of watershed development and needs to be seen as a key factor to improve people’s livelihoods through providing opportunities for income generation, restoring and enhancing land productivity, supporting the rehabilitation of degraded lands, enhancing the development of natural resources, and contributing to small-scale infrastructure development. This will help to increase the land productivity in areas where irrigation development from other water sources is not possible. 

· Agro-ecology is also suitable for introducing some multi-purpose trees and shrubs that could be used as animal feed.

· The possibility of reclaiming and rehabilitating the degraded lands and converting to productive units for crops, fodder or trees can also be taken as another opportunity.

· Possibility of carrying out animal fattening through use of livestock feed from closure areas and consequently reducing pressure on grazing and cultivated land by practicing zero grazing. 

7.2.2. Socioeconomic Opportunities

· The opening of much foreign market of live livestock and possibility of establishing slaughter services and meat processing plants can be seen as an opportunity to holding few livestock and undertake fattening program at household level.

· The existence of many labors in the rural community and ample culture of the rural community to work together is also another opportunity to carry out watershed development intervention through free labor contribution.

· There would be an enforcing policy and laws to avoid cultivation on steep slopes and implement proper land management practices on any land held by the user so that there would be scope of reducing land degradation. This is related to the land use policy prevalent in the country at present and enactment of rural land administration and land use proclamation by the regional and federal government.

Another opportunity, which is probably most important, is that the Government of Ethiopia has put a strategy that soil conservation, water harvesting, afforestation and land rehabilitation activities in general should be implemented following a watershed approach.
8. land capability CLASSIFICATION
Of many agricultural interpretations of Land Capability Classification developed by the Soil Conservation Service of the United States department of Agriculture, USDA is widely used and soundly tested and is applicable worldwide (Klingebiel and Montgomery 1961).

8.1. USDA Land Capability Classification 

It assesses land capability from known relationship between the growth and management of crops and physical factors of soil, site and climate. Land is graded according to its potentialities and the severity of its limitation for crop growth in to eight classes. 

Land suited to cultivation and other uses is included in classes1-4, and land not generally suited for cultivation and for only limited use for other purposes is included in classes, 4-8. Class 1 land has a wide range of uses with few limitations, while the remaining seven classes suffer from increasingly severe limitations and are progressively less flexible 

8.2. Land Capability Classification Principles

· The land classification is primarily meant for soil conservation purposes.

· The land is classified mainly based on limitations (those directly or indirectly related to water erosion).

· The productivity assessment and the economic aspects are not considered in this classification but can easily be overlaid and provide guidance for more accurate and effective selection and design of SWC measures.

· The soil and water conservation requirement classes are homogeneous only with respect to the degree of limitations in agricultural use. Each class may include different kinds of soil. 

· To assess the classes, the range of diagnostic characteristics for each land feature is adapted to the main physical conditions found in semi-arid areas.

8.3. Categories of the System

In the land classification, two categories are proposed. These are the Soil Conservation Requirement Class (SCRC) and the Land Class Unit (LCU). The SCRC represents the major category of the system. It is determined by the most limiting condition permitted in a range of characteristics for each land feature. There are eight SCRC which area class I, II, III, IV, V, VI, VII and VIII. The risk of soil erosion increases through classes I to IV and VI to VIII. Likewise, the requirements for soil conservation practices and management also increase similarly. Class V is a special case. In this classification class V is wetland, very poorly drained; it has major management problems but no erosion hazard, unless by salts.
The land class unit (LCU) is the lowest category of the system. The major limiting factor affecting the use of the land for agricultural purposes determines the land class unit. The limiting factors could be one or two of the following land features:
· Slope (L), 

· Soil depth (D),

· Past erosion (E),

· Water logging (W), 

· Infiltration (I), 

· Texture (T), Stoniness & rockiness (S). 

· Salinity (A) and

· Sodicity and pH or reaction (R)

Although important factors are not considered as leading factors in this classification, their importance should be case specific and valued based upon local conditions. 
Symbols for the land class units are represented as SCRC symbol + Major Limiting Factor. Example, land class units IIL is meant SCRC class two with a major limitation of slope (E). 
The land classification System for soil conservation also attempts to identify the most suitable land use for each Soil Conservation Requirement Class. Table 8-1 shows suitable land use group in the different soil conservation requirement classes.
Table 8‑1: Suitable land use for SCRC
	SCRC
	Suitable land use

	I

II

III

IV
	Land suitable for annual crops

	V
	Wet land - regularly waterlogged, may be suitable only for rice  & temporary grazing

	VI
	Land suitable for perennial crops or grazing

	VII
	Land suitable for forestry

	VIII
	Land not suitable for agriculture


Land capability classification for the whole watershed was made by assessing factors that are limiting capability of land for specified type of land use. Table 8-2 shows the area extent of land capability class for different land use systems verses current land use/land cover class. The result shows that some of the land use classes are wrongly assigned with respect to soil conservation requirement class. About 5,495 ha of land, which was suitable for forestry, are under different types of land use, where slope, texture and permeability are the limiting factor. However, there are lands under proper utilization like annual crop cover in different part of the watershed, which accounts to 44,171 ha (see table 8-2 below). 
Table 8‑2 Current land use/land cover versus land suitability with respect to SCRC
	Current land use/ Land cover classes
	Land capability class/SCRC

	
	I
	II(LT)
	III(LT)
	IV (L)
	VI (L)
	VII (L)
	Total

	Cultivated Land
	5812
	5345
	11340
	21674
	6982
	4104
	55257

	Open Wood land
	20
	9
	32
	222
	78
	14
	375

	Grass land
	7
	1224
	304
	1231
	462
	174
	3402

	Bush land
	857
	350
	1069
	6013
	2720
	1149
	12158

	Homestead
	-
	6
	12
	30
	7
	-
	55

	Afro alpine
	27
	5
	9
	99
	65
	54
	259

	Guder town
	-
	10
	76
	28
	2
	-
	116

	Total
	6723
	6949
	12842
	29297
	10316
	5495
	71,622
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Figure 8‑1 Land capability map of broader sub watersheds
9. SOIL EROSION HAZARD assessment of THE WATERSHED
9.1. Rainfall Erosivity (R)

Soil loss is closely related to rainfall partly through the detaching power of raindrops striking the soil surface and partly through the contribution of rain to runoff (Morgan, 1994). Rainfall erosivity is a term that is used to describe the potential for soil to wash off disturbed, de-vegetated areas and into surface waters during storms. 

R= -8.12 + 0.562P (Hurni, 1985), Where R is the rainfall erosivity factor and P is the mean annual rainfall (mm).
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Figure 9‑1 Rainfall erosivity distribution in the study area
9.2. Soil Erodibility (K)
The soil data for this study are obtained from field soil survey and soil study by BCEOM-French Engineering Consultants in association with ISL and BRGM. This soil data was used for analyzing the soil erodability factor (K-value). The erodibility of a soil is an expression of its inherent resistance to particle detachment and transport by rainfall. It is determined by the cohesive force between the soil particles, and may vary depending on the presence or absence of plant cover, the soil’s water content and the development of its structure (Wischmeier and Smith, 1978). Erodibility depends essentially on the amount of organic matter in the soil, the texture of the soil especially sand of 100-2000 μ and silt of 2-100 μ, the profile, the structure of the surface horizon and permeability. Texture is the principal factor affecting K- values; structure, organic matter and permeability are also important contributors (Robert & Hilborn, 2000).
The vector data were first rasterized and each raster (grid-cell) was assigned K-values (Table 9-1). Figure 9-s shows the resulting K- values map
Table 9‑1 Soil erodibility factor, K
	Textural class
	Organic Matter Content

	
	<0.5%
	2%
	4%

	Sand
	0.05
	0.03
	0.02

	Fine Sand
	0.16
	0.14
	0.10

	Very Fine Sand
	0.42
	0.36
	0.28

	Loamy Sand
	0.12
	0.10
	0.08

	Loamy fine Sand
	0.24
	0.20
	0.16

	Loamy very fine Sand
	0.44
	0.38
	0.30

	Sandy Loam
	0.27
	0.24
	0.19

	Fine Sandy Loam
	0.35
	0.30
	0.24

	Very Fine Sandy Loam
	0.47
	0.41
	0.33

	Loam
	0.38
	0.34
	0.29

	Silt Loam
	0.48
	0.42
	0.33

	Silt
	0.60
	0.52
	0.42

	Sandy Clay loam
	0.27
	0.25
	0.21

	Clay Loam
	0.28
	0.25
	0.21

	Silty Clay Loam
	0.37
	0.32
	0.26

	Sandy Clay
	0.14
	0.13
	0.12

	Silty Clay
	0.25
	0.23
	0.19

	Clay
	-
	0.13-0.29
	-


            Source: Taffa Tulu, 2011
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Figure 9‑2 Soil erodibility (K-values) map of the study area
9.3. Topographic factors (LS)
9.3.1. Slope Length factor (L) and Slope Gradient Factor (S)

By using a DEM with 30m resolution it was possible to calculate both slope length ‘L’ and gradient ‘S’ in a combined factor. Both Reynard et al, (1997) and Nyssen et al, (2004) have indicated that above 9 % slope the curve of soil loss versus slope flattens therefore the parameters used have taken this into account and have reassigned the Hurni slope parameters. As the land slope increases, the turbulence of the surface runoff also increases. The soil loss will increase exponentially with the increment of land slope.

Generally, the LS factor was calculated using SAGA software application using digital elevation model.
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Figure 9‑3 LS factor of the watershed
9.4. Land Cover (C)
A land-use and land-cover map of the study area was prepared from spot image acquired in 2015 from Google earth overlay with land use/cover study by BCEOM-French Engineering Consultants in association with ISL and BRGM. Supervised digital image classification technique was employed using GIS 10 software that was complemented with field surveys that provided on-the-ground information about the types of land use and land-cover classes. Seven major land-use and land-cover classes were recognized. These include Cultivated Land, Bush Land, Afro-alpine, Grass Land, Homestead, and Town and open Wood Land. A field checking effort was made in order to collect ground truth information. Based on the land cover classification map, the analysis of crop management factor (C-value) was made (See figure below).
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Figure 9‑4 Cover factor C-values in the study area
Table 9‑2: Cropping and land-cover C-values used in different studies.
	Land use & land-cover types
	C factor value
	References

	Forest Land 
	0.001
	Hurni (1988)

	Grass Land
	0.003
	Hurni (1988)

	Cultivated Land 
	0.17
	Hurni (1988)

	Bare Land
	0.60
	BCEOM (1998)

	Shrub Land
	0.014
	Wischmeier and Smith (1978)

	Homestead
	0.003
	Hurni (1988)

	Wood Land
	0.01
	Hurni (1988)


9.5. Land Management (P)

The management factor P indicates reduced erosion potential, with a range between 0.0-1.0 because of farming practices or conservation measures. The only farming practice increasing erosion (P factor value >1) instead of reducing it is ploughing in the direction of the slope (Hurni, 1985 and CGIP, 1996) have found different P values for various management practices and land use and cover.

Depending on the qualities of terraces, erosion potential is estimated to be reduced by a factor P = 0.5 – 1.0. Table below gives P values for different management practices; and Bite watershed has value 1 since there is no as such significant and map able conservation practice done, which represents the whole watershed. 

Table 9‑3 Management Factor Values
	Management /conservation measures
	P value

	Ploughing up and down slope
	1.0

	Contour ploughing
	0.9

	Applying mulch
	0.6

	Strip cropping
	0.8

	Inter cropping
	0.8

	Grass strips
	0.8

	Bunds, good shape
	0.7

	Bunds, degraded
	0.9

	Broad-based bench terrace good shape
	0.01

	Bench terraces, narrow-based, degraded
	0.9

	Contour stone bunds/lines – wide spacing (20-50 m)
	0.7

	Contour stone bunds/lines narrow spacing (10 - 15)
	0.5

	Terraces on more than 80% of the croplands
	0.60

	Terraces on 50-80% of the croplands
	0.75

	Terraces on 30 - 50% of the croplands
	0.85

	Terraces on less than 30% of the croplands
	1.00

	Complex of natural terraces and non terraced lands
	0.50


            Source: Hurni, 1985
9.6. Soil Loss
The annual soil loss rate was determined by a cell-by-cell analysis of the soil loss surface by multiplying the respective RUSLE factor values interactively in Arc GIS 10 using Equation. 
A (tons/ha/year) =R*K*L*S*C*P
The major part of the Bite watershed is characterized by very high degree of soil erosion, which accounts 55,330 ha of the major watershed area followed by slight degree of soil erosion (7, 634ha) (see Table below).
Table 9‑4 Soil erosion potential (soil loss) in Bite major watershed
	Degree of Erosion
	Soil loss (t/ha/yr)
	Area (ha)
	Area (%)

	Slight
	0-50
	7634
	11

	Moderate 
	50-100
	2019
	3

	High 
	100-200
	6639
	9

	Very High 
	>200
	55330
	77

	Total
	71,623
	100
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Figure 9‑5 Soil loss rate and erosion hazard map of Bite watersheds
9.7. Sediment Yield
Similar to the soil losses, sediment yields (Sy) were also high at the out let of the watershed. The transporting ability of the runoff to move all the eroded sediments was insufficient. As a result, deposition occurs in reservoirs, depressions, at the toe of the hills where changes slope. Thus, the amount of erosion in the watershed was generally more than the amount of sediment leaving the watershed at the outlet point. The most common method for estimating sediment yield is sediment delivery ratio (1/A0.2), which is developed from reservoir survey, or measurement of suspended and bed loads at the gauging station and compared with that of erosion in the watershed.

Sy = 499 tons per year
9.8. Hydrological Parameters
According to the methodology used, the following results were obtained:
Table 9‑5 Bite watershed Runoff curve number
	Land Use/ Land Cover & Soil Type
	Area (%)
	Hydro  soil group
	Curve No ”CN”
	Weighted “CN”
	Sum Weighted “CN”

	
	
	
	
	
	

	
	
	
	
	
	AMC
	CN

	Calcic Vertisols-Guder town
	0.13
	D
	93
	0.12
	II
	74.9

	Calcic Vertisols-Homestead
	0.08
	D
	91
	0.07
	
	

	Calcic Vertisols-Moderatly cultivated
	0.79
	D
	84
	0.67
	
	

	Chromic Luvisols-Dominantly cultivated
	0.06
	B
	83
	0.05
	
	

	Chromic Luvisols-Grassland
	4.73
	B
	67
	3.17
	
	

	Chromic Luvisols-Guder town
	0.03
	B
	83
	0.02
	
	

	Chromic Luvisols-Moderatly cultivated
	8.45
	B
	74
	6.26
	
	

	Eutric Fluvisols-Moderatly cultivated
	24.86
	B
	74
	18.40
	
	

	Eutric Leptosols-Moderatly cultivated
	0.28
	C
	81
	0.22
	III
	88.5

	Eutric Vertisols-Dominantly cultivated
	5.22
	D
	84.00
	4.39
	
	

	Eutric Vertisols-Moderatly cultivated
	0.48
	D
	79
	0.38
	
	

	Haplic Alisols-Afro alpine
	0.36
	B
	78
	0.28
	
	

	Haplic Alisols-Bushland
	16.52
	B
	77
	12.72
	
	

	Haplic Alisols-Moderatly cultivated
	28.28
	B
	74
	20.93
	
	

	Haplic Luvisols-Moderatly cultivated
	7.93
	B
	74
	5.87
	
	

	Haplic Nitisols - Moderatly cultivated
	1.79
	B
	74
	1.33
	
	

	Total
	100.00
	 


The peak flood estimated by complex unit hydrograph is equal to:
QP =523 m3/s
Table 9‑6 Runoff coefficient (mm/h)
	Types of Land use/Cover
	Soil Group B
	Soil Group D

	Cultivated Land
	0.38
	0.44

	Afro-alpine
	0.02
	0.03

	Bushland
	0.02
	0.03

	Grassland
	0.02
	0.03

	Open woodland
	0.02
	-

	Homestead
	0.5
	0.5

	Guder town
	0.4
	0.4


10. PROPOSED WATERSHED DEVELOPMENT INTERVENTIONS

10.1. Criteria for Selection

The selection of interventions for development of a watershed has been made based on: 

· Existing experiences of the community with certain interventions,

· Problems and opportunities and priorities expressed by the community during group discussion, 

· Suitability of agro-ecologic conditions, 

· Needs of women community groups, 

· Land use and farming system and technical feasibility of the interventions,

· Integration options of different interventions at technology level and interactions between micro-watersheds to impact on the bigger Bite watershed, 

· Potentials and constraints identified in the watershed and 

· The overall impact expected in reducing flood and sediment deposition on the irrigation project at the downstream side,
The interventions selected, hence, are grouped as those of soil and water conservation, livestock management interventions, spring development, access road, protection of stream bank and interventions that need to be addressed strategically and those of land use policy and by-laws.
10.2. Soil and Water Conservation Interventions

Soil and water conservation involves the development of systems for the management and utilization of land, water and vegetation resources that are economic, productive and sustained in the long-run. The soil and water conservation interventions implemented to reverse trends in land degradation will have the following impacts:

· Improved land through control of runoff, drainage and irrigation and greater accessibility;
· Improved soil through return of organic matter, raising nutrient levels, improving water availability, structure and aeration;
· Improved water supply through protection of weir site, ponds, spring development, etc., leading to better distribution, quality and reliability;
· Improved microclimate through the creation of shelter belts to break the force of desiccating winds;
· Improved output of food, fiber, fuel, timber, cash crops, livestock and livestock products;
· Improved incomes and living standards through the diversification of the rural economy, creation of opportunities for employment and improving the returns to labour;
With regard to soil and water conservation, maximizing useful cover is essential for productive and sustainable land use. Water and cover are very closely related. Lack of water leads to poor cover, but lack of cover leads to loss of water as runoff and causes erosion on uncovered land through raindrop impact and surface wash. Therefore, improving infiltration, controlling runoff and reducing wastage of available water are essential to productive and sustainable land use. There is no single approach to soil and water conservation that can be adopted in all situations. Blanket recommendations are of little value. In any given situation there are many alternative measures that can be used and any recommendation should aim to adopt the conservation measures to local situation. The main biophysical factors to be considered when making recommendations on conservation are the climate, soil, and slope and farming system.  

In more wet areas like that of the present study area, there is greater need for runoff disposal structures but there is also greater opportunity to use biological measures for controlling erosion. With shallow or very erodible soils, measures that are more intensive are required to prevent any further reduction in depth, which would limit the water and nutrient storage capacity. With respect to farming systems, on small and fragmented farms labour intensive measures such as grass strips are usually more appropriate. 

The basic principle of soil and water conservation is to use the land according to its needs. Therefore, the knowledge of land capability classification, which refers to a systematic arrangement of different kinds of land according to those properties that determine the ability of the land to reproduce on virtually permanent basis, is prerequisite and important for planning, implementation and execution of soil and water conservation program. 

Thus the recommendations of soil and water conservation for Bite watershed is made based on identified soil conservation requirement class and with due consideration to socio-economic conditions. To identify the soil conservation types requirement, the procedures and methodology adopted for land classification for use in soil conservation in Ethiopia by Escobedo (1988) is used. The method has been used widely in Ethiopia by many planners for long and found to be appropriate for current study. 

10.2.1. Physical Measures

Physical measures are those soil and water conservation measures, which lead to change in land surface arrangement and profile. These measures include such as bunds that divide a slope into smaller and separate segments and measures such as bench terraces that break the steep slope of land into benches of table-shaped bottom. They involve the purposive movement of soil or stones but still may arise naturally from planting of grass strips. Usually such measures are not complete in themselves fully effective and permanent. Physical measures are effective for retarding runoff velocity, and consequently store sediment that is carried by runoff and store or safely dispose excess runoff water. 

Various physical measures can be applied on different land uses particularly on cultivated and grazing lands. The following measures are proposed for the project area based on the Land Class Unit identified for different areas of cultivated lands. 

e. Soil Bunds

Soil bunds are earth banks thrown across the slope to act as a barrier to runoff, to form a water storage area on their upslope side and break up a slope into segments shorter in length than is required to generate overland flow. They are suitable on slopes between 3 to 15 percent on cultivated lands. Soil bunds are graded type for removing excess rainfall from the fields at safe velocity. The project area receives high rainfall and characterized by relatively better vegetal cover, thus graded bunds at 1:250 is recommended. It is proposed to treat 15319.6 ha with these measures, which need to be spaced at 15 to 20m and vertical interval being between 1 and 2m, depending on the actual field condition. Tied ridges at every 10m along the bunds are compulsory. The maximum length for graded bund should not exceed 500m in order to avoid risks of breakage and overtopping. The bunds could be stone-faced in areas with high stoniness and stable soils. Planting of grasses and other multi-purpose agro-forestry species should be integrated with such measures. Nearly 6128 km of soil bunds will be in place. 
f. Stone Bund
A stone bund is an embankment made of stone constructed along the contours (points of the same elevation) across sloping lands, without a collection channel or basin at its upper side. Soil, which is eroded between two bands, is deposited behind the lower band. Stone bunds are either impermeable structure if their upstream side is sealed with soil or semi permeable if not. Whenever the bund has trapped enough sediment, the bund should be raised. In this way, a bench terrace will develop in the course of years. The main function of stone bund is to reduce the velocity of runoff and hence reduces the soil erosion process.

The stone bunds should have a bottom width of 1-1.5meter, a top width of 30-50cm and a height of 50-75cm. Care should be taken in the selection of stones, their placing and provision of a stable foundation. A layer of soil should be placed on the top and upper side of the bund, which will reduce the flow of runoff through the bund and encourage the growth of grass.

In areas where stones are, available stone bund is a good protection material. It is practiced in limited intense on watershed Mountains and hills and when combined with soil and grass strips are very successful.
g. Bench Terrace

Bench terrace is applied in areas of steep slope in which the terrace converts a steep slope into a series of steps, with nearly horizontal benches to reduce velocity of runoff, reduce soil erosion and decline in crop yields. It is commonly practiced on land with slopes of 15-50%.
h. Cutoff Drains

Cut-off drains are graded channel constructed to intercept and divert the surface run-off from higher ground/slopes and protect downstream-cultivated land. They divert the run-off to a waterway, rivers, etc. The structures are constructed based on estimated runoff expected to carry, particularly at the foot of steep hillsides and uncultivated lands without treatment under which cultivated fields are exposed. In addition, they are constructed above gully head and help to divert run-off from active gullies to treated/stable ones. 

The amount of cut-off drains required depends on the actual conditions in the field and usually decided at the time of the implementation. In spite of this, they could be estimated as 10 to 20% of the quantity of soil bunds. In this case, 10% of the estimated amount of soil bunds is adequate to be considered; hence, 612.8 km of cut-off drain will be required. It is important to link cut-off drains to waterways (artificial/natural) to safely divert run-off and at the same time construct scour checks with stones and grasses at a width of 50 cm for 10-20 meters before the outlet to a waterway. Construction of drop structures, as required to minimize the effect of water dropping into the waterway or gully is vital in avoiding the risk of creating additional erosion at the outlet level. Cut-off drains are proposed to be implemented in all types of capability class units.

10.2.2. Agronomic/Biological Interventions

Soil erosion is mainly caused or aggravated by poor cultural practices like overgrazing, over-cultivation, deforestation, cultivating along the slopes, continuous depletion of soil organic matter and soil organic residues or vegetation cover from the ground. Replacement of such management operations by sound land, crops and livestock management principles warrants conservation of resource base on sustainable basis. The first step in water erosion control is the control of splash (detachment of soil particles) resulting from the impact of raindrops followed by the conservation of transported soils through runoff water. Agronomic practices for soil conservation help in reducing the impact of raindrops through interception and thus reduce splash erosion. These practices also help in increasing infiltration rates and thereby reduce run-off and overland flow. Reduction in run-off and soil losses is achieved through land management practices, choice of crop, crop management practices and associated agronomic practices. Therefore, the best land management practices for ensuring proper watershed management may be defined as the most intensive and productive use of which the land is capable without causing degradation. Hudson (as quoted in TIDEMN, 1996) suggests that land management specifications for good erosion control are the same as for maximum production and profit. In other words, if one adopts an appropriate conservation agronomic practice, the soil loss from the problem area of a watershed can be reduced too much less than its pre-treatment value. Agronomic measures also play vital role in increasing the soil resistance to erosion. This calls for increasing stability of soil aggregates through soil organic matter management. Organic matter makes the soil more elastic to absorb kinetic energy of raindrops without being broken. In addition, the soil aggregates that are rich in organic matter have more pores that enhance infiltration. 

Thus, agronomic/biological soil and water conservation measures utilize the role of land management practices and vegetation in helping to minimize soil erosion. On the other hand, the effectiveness of physical measures will depend on the integration of these measures as the ultimate goal of any soil and water conservation intervention is improvement of surface cover. 

Therefore, recommendation of agronomic measures is justifiable under the current conditions of the watershed and those measures identified are incognizance with the existing farming systems and potentials.
i. Crop Rotation

Crop rotation involves incorporation of legumes with cereals in a sequence in order to take advantage of different feeding zones, both for nutrients and water, and to offset disadvantages of mono cropping in controlling insects, pests and diseases. A crop rotation system that includes legumes in the rotation cycle helps to maintain and improve the organic status of a soil and enables development of a more stable aggregate structure, thereby helping to update soil quality. The order of rotation is also important and worth consideration. Morgan (1986) reported that a soil loss of 0.62kg/m2  was measured when cowpea was followed by maize, compared to only 0.02kg/m2 when this order was reversed, suggesting to grow crops that are known to be susceptible to erosion first when the soil is still fertile enough.  Crop rotation is seen to be practiced in the project area. However, the system has not included any legume in the rotation. Moreover, crops are rotated only when a single crop, after being planted continuously, fails to yield the required product, and it is not efficient owing to attempting to rehabilitate the soil after the soil is completely exhausted rather than maintaining soil quality. Tef, one of the crops used in rotation, is reported to play a unique role in maintaining productivity. Since this crop has more characteristics of a ley grass than a grain crop, it combines the soil restoring and fodder properties of a ley grass with food production. In addition, since it has deeper roots than grass and has an effect similar to fallow, it raises leached nutrients to the surface and assists in restoring soil fertility (MoA, 1988; Westphal 1976 quoted by Solomon Abate, 1994). 

j. Adoption of Organic Manures, Green Manure and Fertilizers

Organic manures and green manures not only supply plant food elements as fertilizers do but also help in improving the soil’s physical conditions. The effect of fertilizer by improving vegetative growth of crop/crop-canopy and thereby reducing soil erosion is distinct. Organic manures and green manures improve the rate of infiltration and soil structure and thereby affect the soil erosion process. Unlike FYM (farm yard manure), green manuring is more important in view of improvement in soil physical conditions as decomposition occurs in situ. Green manuring is a common practice in irrigated or high-rainfall tracts of the current study area. Both organic and green manures add organic matter, which is responsible for influencing physical properties-mainly the stability of soil aggregates. The practice of manure application is a small part of the cropping system in the project area; however, its availability is immense. In spite of existence of very high potential, very little effort has been made for compost preparation and application during recent days though an adequate amount of biomass is available and the climate favors efficient compost preparation. 
k. Strip, Mixed and Inter Cropping

Strip cropping is a system under which ordinary farm crops are planted in relatively narrow strips, across the slope of land. Strips of close-growing or erosion-resisting crops always separate the strips of erosion-permitting crops. 
Mixed cropping is a practice of growing more than one crop in the field simultaneously. In mixed cropping, there is one main crop and one or two subsidiary crops. Mixed cropping gives better cover on land, good protection from soil erosion and assurance of one or more crops to the farmers, ensuring diversification to cope with risks. The roots of various crop species in mixed cropping make use of soil moisture and nutrients from different depths in the soil. 
Intercropping of leguminous and other plants with coffee should be considered. On the other hand, intercropping provides similar effect as is done by mixed cropping except that in intercropping sequencing is possible. One of good experiences on intercropping is found in Kobo woreda, North Wello, in Amhara Regional State where intercropping of sorghum with tef is practiced. Such type of intercropping may also be tried in sorghum and tef growing parts of the watershed, particularly at the lower side. Tef plant gives better ground cover and play a role in dispersing raindrop impact and keeps splash erosion to the minimum during the period of rainfall. Leguminous and non-leguminous crops are commonly intercropped. Intercropping if practiced in a well planned extension system on cultivated cereal lands can ensure the avoidance of risks of failure of crop, and can enhance food security for the farmer. Intercropping practices should be considered as a day to day activity for the farmers and should be supported by extension agents as regular extension programmes. 

l. Residue Management

Crop residues, which are left in the field after harvesting can have tremendous influences on the soil and water conservation. In the project area, there are great potential of maize stalks left over the field after the comb is collected. However, these stalks are set in fire before land preparation due to which some organic matter that could increase the soil fertility is wasted. Moreover, residues of teff can be mixed with the soil during tillage and land preparation. Apart from this, some weeds have also vital role in increasing soil fertility and improve infiltration thereby reducing run-off and soil erosion. One of the weed management options is burring of the picked weeds before its maturity and fruiting so that risks of weed regeneration could be avoided or minimized. In spite of such advantages, farmers of the project area remove the weeds out of the cultivated fields in open and unused sites. If such management alternative is considered, crop residues largely have important role in protecting soil losses. Crop residue retention is found to be a valuable asset for the reduction of soil erosion.  

m. Contour Farming

Contour cultivation and contour plantings, which are non-monetary inputs, are basic agronomic practices, which should be adopted on sloped lands. The up and down method of cultivation practices by many farmers in the project area is one of the causes of increasing man-made erosion. On steep slopes, this practice enables the rain-water to gain velocity, facilitating run-off water to erode soil and cause by stages what are called sheet, rill and gully erosion. Thus, the upper layer of the fertile soil is washed away and a considerable quantity of usable water is lost resulting in reduced yield. The reason behind this is attributed to easiness of cultivation in this method and facilitation of drainage owing to high run-off generated during the periods of rainfall. Easiness of cultivation is thought to be ensured by keeping the plough at shallow depth, a depth equivalent to a length of a finger, when plowing upslope and putting the plough at deeper depth when plowing in the down-slope direction. However, in reality this method of plowing for the sake of reducing labor has not been well proved. The practices of contour cultivation could be adequately popularized through intensive extension and awareness creation among the farmers of the project area. 

n. Compost Making 

Compost making is a natural process of turning organic material into valuable plant food called humus. Humus is a brownish or blackish substance, which gives a dark color to the topsoil. Compost has a capacity to retain water and cements soil particles together to give a crumb like structure. When properly made and applied, compost provides readily available plant food and does not contain as many weed seeds and pests as farmyard manure, because the heat generated in a compost heap is enough to destroy the viability of most weed seeds and only few pests can survive in it. Compost manure can be easily made on the farm using crop residues, garden weeds, kitchen and household wastes, hedge cuttings and any other vegetative material. In this regard, there is ample potential for compost preparation because of availability of materials. 
As a measure of improving soil fertility and enhancing crop production, compost making should be one of the interventions in Bite watershed management. During field visit, farmers have told that there is some experience with them owing to the popularization of the system by the government through regular extension program. The farmers informed that those who have practiced it have benefited a lot. Therefore, strengthening the ongoing extension service with respect to compost making through training and support to the community as a project is very important. Heap method is appropriate for this area. The size of the heap should not be more than 2m by 1.5m. The standard procedures should be followed for making compost. Compost produced as part of the soil fertility improvement will help to fertilize conserved fields and/or supplement artificial fertilizers in cultivated lands treated by bunds. Moreover, it helps to apply for high value crops within homesteads, particularly to increase the benefits of multi-storey gardening. 

o. Grass Strips

Grass strips are vegetative barriers made out of grass planted in narrow strips of 0.5 to 1.5 meters width laid along the contour or along the physical conservation measures. While contributing to protect soils against erosion they also provide valuable biomass meant to increase animal feed or used for different purposes. Grass strips can be used alone slopes 3 to 8 percent and integrated with physical measures alternatively in 8 to 15 percent slopes. They can be integrated with lines of legume shrubs such as pigeon peas, Sesbania, Tree-Lucerne and Acacia saligna planted in dense rows. Advantage of grass strips is that they cause less interference than other measures as oxen and plough can easily cross them. Moreover, they take little amount of arable land. Cost of construction is much lower than physical structures. 
p. Grass Land Improvement
Grassland improvement includes all activities aimed at improving the productivity of grassland thereby runoff and soil erosion are reduced through a better cover of the ground. This can be achieved by the introduction of better forage species, moisture conservation, and removal of unpalatable species, which should be stored in composts for natural fertilizer production, regular weeding, and utilization of natural or artificial fertilizers.

The development of the grassland has to be carefully observed. Weeds are removed regularly, places where the stands are weak have to be replanted and the forage has to be regularly harvested, either for direct feeding or for hay making.

Generally, the local community is responsible for grassland improvement on communal land and for privately used land if there is a public interest to reduce runoff and soil erosion from a particular land.
The other important issues not to be forgotten is that when the sward composition is weak, over sowing with legume herbaceous plants like Vetch, and Desmodium spp.,  Can be applied at the onset of rainy season. Continuous monitoring of that pastureland is very crucial to have sustainable and optimum production. This way the grassland composition and its stand will be good and the land is always covered by detach and live plants which further prevent the soil erosion of the land. Very important to make hay out of it for the dearth period or can be sued as stand for cattle, sheep, equines, and to some extent goat. Stocking rate should be dependent on the carrying capacity of that land.

q. Homestead Area Tree Plantation
It is a Practice of tree growing around individual home and villages, undertaken by individual farmers or the community. Areas and tree species have to be identified in consultation with farmers depending on the need of individual's and/or villagers as a whole. As trees are grown close to where people live it can be well looked after and the survival rate is high. The trees can have different purposes such as fodder, shelter and windbreaks, fruit for eating, live fence, ornamental, bee forage and creating better microenvironment.

Establishment of villages and homestead tree plantation reduce overgrazing, fuel wood cutting, charcoal making and in general reduce pressure on the natural resources in the area. 

Generally, this strategy is a backyard system where fodder supply is available. Managing and controlling chance is high for it is around home. Can be used as cut and carry for short time enterprise like fattening and also used as supplementary for dairy production. Therefore, using this strategy can help for different purposes beyond soil and water conservation.
10.2.3. Agro-forestry Interventions

Agro-forestry is defined as a collective name for land-use systems and technologies where woody perennials (trees, shrubs, etc) are deliberately used on the same land-management units as agricultural crops and/or animals, in some form of spatial arrangement or temporal sequence (Lundgren and Raintree, 1982 quoted by Nair 1993). In other words, it’s a sustainable land management system, which increases the yield of land, combines the production of crops (including trees) and forest plants or animals or both simultaneously or sequentially on the same unit of land and applies management practices that are compatible with cultural practices of the local population.

Agro-forestry practices play major role in solving socio-economic problems besides their advantages in erosion control and rehabilitation of degraded lands. They help to maintain and improve soil fertility; supply livestock feed, fuel wood, construction materials and generate income. These interventions should also be seen as appropriate strategy to reduce the pressure on forestlands. Qualitatively, they create microclimate and make environment conducive for human being and livestock.  The principle by which agro-forestry controls erosion is the same as biological measures except that the system allows the combined use of land for trees and crops or trees and livestock or both together on the same unit of land. Objectively, agro-forestry in watershed management program helps in obtaining maximum biomass production, conserving production base, improving soil conditions, promoting agro-based cottage industries and moderation of microclimate. The land-use system in the study area has all features of agro-forestry systems. Thus, interventions of agro-forestry system should focus on maintaining the existing situations and widen the scope by involving individual farmers on their own plots of land and around their home. The followings are some of the systems recommended in the project area. 

r. Alley Cropping

Alley cropping is the growing of the crops in between ‘hedgerows’ or ‘alleys’ of trees which are cutback and the leaves applied to the soil as green manure mulch. If the hedgerows are aligned along the contour on sloping land they provide control of erosion by acting as a barrier to runoff. The branches of plants established in alleys provide firewood and leaves of some trees can be used as dry season fodder. One of the most important premises of alley cropping is that the addition of organic mulch, especially nutrient-rich mulch, has favorable effects on the physical and chemical properties of soil, and hence on crop productivity.  The primary purpose of this practice is to maintain or increase crop yield by improving soil fertility. This is achieved by planting selected species that fix nitrogen and provide good litter and materials for mulching and green manuring periodically.  The choice of appropriate trees, position and spacing is crucial to obtain the optimum economic and ecological benefits and to suit local needs and farming systems. In general, multipurpose trees are preferable for the system. 

Recommended species for this purpose include Cajanus cajan, Cassia siama, Sesbania sesban and Leucaena leucocephala. 

s. Multi-Storey Gardening 

Multi-storey gardening is a way of planting a mixture of crops, shrubs and trees of different heights and different uses: food crops, cash crops, fruit trees, woody perennials, and forage plants. It makes the land more productive and improves soil fertility, reduces temperature, provides shade and increases family income through diversification of products. It is the best if practiced in fields close or within homesteads. Multi-storey systems are usually very resilient because of relying on multiple crops and responding to various market demands. They are also environmentally sound; custodians of considerable biodiversity; and erosion proof. Such systems have good potential to reduce the need to use natural forests and avoid encroaching of community to hilly areas. 

10.3. River bank Protection

Stream and riverbank protection is one of other interventions for solving specific problem. Stream and riverbank erosion is a kind of water erosion, in which soil is, removed either by the run-off flowing over the sides of the stream, coming into the stream from upstream areas or by scouring and undercutting of soil below the water surface. Removal of soil from stream bank is mainly aggravated by the run-off falling over the banks of the river from the nearby areas without appropriate measures for soil conservation. The stream bank erosion causes several problems such as continuous destruction of adjoining productive cropped lands right up to the stream banks and sometimes badly damages the lands, during flood.  In addition, stream bank erosion also causes several damages to the bridges and other structures, located across or near the streams. Apart from this, the eroded materials from upstream areas and stream section are carried away by the flow. The eroded materials are deposited over the streambed after decrease in flow velocity, and finally are intercepted in the reservoirs. It causes clogging of the stream/channels and consequently flooding. A considerable part of the eroded materials/sediments is also deposited in the reservoirs and reduces their effective capacity. 
Problem of stream bank erosion is as important as other types of erosion for Bite watershed. In few areas of the watershed, cultivation is practiced close to the edges of the rivers. Such cultivation practices are made without any interventions that may protect the cut and slide of riverbanks. In spite of this, most of the streamsides of many rivers in the watershed have good vegetal cover and stable banks. However, there is a yellow light signal in some areas, particularly in Toko Kutaye wereda. Moreover, the cutting of trees from sites away from riverbanks would inevitably lead to encroachment of cutting to the riverbanks. Therefore, protective and preventive measures need to be taken in future.

The measures for the protection of riverbanks are to be implemented. The intervention involves establishment of buffer zones on the sides of the riverbanks and preserve the existing productive and well-developed cover and/or establish new plantations of economically important vegetation of various types. This zone will act as a de-silting and sediment trapping zone and dispersing the concentrated run-off before entering into the rivers so that the runoff will have non-erosive effect. In this regard, a buffer zone of 5-20 meters away from the edge of the river banks need to be delimited, by limiting cultivation and other agricultural operations beyond this zone as a recommendation. The buffer zone should be planted with productive grass species that could be used for livestock feeding through cut and carry method; trees that can be used as fuel wood and construction materials and fruit trees that may be useful for generating income of community who owns the land adjoining to the riverbanks. 

Plants proposed for this purpose include, fruit trees such as Mango, Avocado, Banana, Guava and trees like Grevillea robusta, Casia siamea, Arundo deluxe, and grass species as the case may be. One such species could be Elephant (Napier) grass (Pennisetum purpureum) and Sugar cane. Other plant species, which can be used as livestock feed through cut and carry method, would be selected.
11. IMPLEMENTATION PLAN

11.1. General schedule

The plan of implementation of the proposed watershed management interventions discussed in this section includes time schedule for implementation of the measures for showing the sequence of activities; list of inputs required; strategic issues that should be considered for successful implementation and institutions that should be responsible for implementing the proposed development interventions, without disregarding the existing government structures. These all have been considered by looking into the actual situation of the country in general, the community, and the Woredas in the watershed in particular. 

11.2. Time Schedule and Phasing

Implementation of watershed management interventions requires sequencing of activities based on priority and prerequisites. Planning for the implementation, thus, should take into consideration sequencing and phasing of interventions. For example, it is not wise to plan implementation of tree planting before seedling production is carried out. Generally, physical measures should be constructed where necessary before plantations. In soil and water conservation for watershed management, the first year of the watershed management program is devoted to capacity building (where required) and development of physical measures and nursery establishment for seedlings production. In subsequent years, it will be possible to take-up construction of physical measures simultaneously with seedling production and establishment of plantations. 

Plan of implementation of watershed management intervention should also take into consideration the farming calendar of the farmers. As such, it should not interfere with the normal agricultural operations. Therefore, selection of appropriate season from the viewpoint of technical aspects and farming systems should be one of the major considerations in planning implementations of interventions. The duration of implementation period will depend on the quantity of work involved to achieve each intervention, which indirectly depends on the size of areas to be treated, availability of inputs, etc.
With the basic points discussed earlier, the plan of implementation of proposed activities for Bite watershed has been prepared and presented in Table below. Implementation of the proposed watershed development interventions has been planned to be carried-out in two phases, each phase having a period of five years. Thus, all the proposed measures would be in place at the end of ten year.
Table 11‑1 Implementation schedule by phase and years
	Activity
	Unit
	Quantity
	Phase I
	Phase II
	

	
	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Soil bund

Tree planting
Stone Bund
Bench Terrace

Area Closure

Stone check dams

Cutoff drains

Grass strip along contours

	Km

No
Km
Km
ha
M3

M3

Km


	6128

5,918,750
2873
6982
1217
287,000
306,400
5679

	500

200,000
315
600
122
30,000
30100

520

	600

691,875
350
640
122
28000
30640
600

	800

568,300
240
700
121
29100
31000
610

	700

700,600

320

750

122

23000

32000

590
	455

760,100

320

710

122

31000

34000

654
	612

591,875
330
690
122
33000
27800
611

	670
650,000
230
820

122
30,000
37400
495

	840
580,000
235
700

122
26,000
33000
555

	656
590,000

288

688

122

28,700

30000

544
	550
586,000

245

684

122

28,200

20460

500


11.3. Requirement of Inputs 

Inputs are resources such as labour, equipments, planting materials, etc., which are required for implementation of the activities. Table below shows the list of inputs along with their quantity and time when these inputs are required. The period of time when these inputs are required should correspond with quantities of activities that require the inputs. The inputs identified as requirements for implementation of the proposed development interventions are those of labour, seedlings of trees and grasses, equipments for nursery and surveying activities and the like. 
Table 11‑2 Inputs required for implementation of watershed development activities
	Type of input
	Unit
	Quantity

	Clinometers
	No.
	20

	Water level
	No.
	60

	Altimeter
	No.
	20

	Compass
	No.
	20

	Measuring tape (50m)
	No.
	20

	Axe
	No.
	100

	Hoe
	No.
	250

	Rake
	No.
	100

	Shovel
	No.
	250

	Hand saw
	No.
	20

	Watering can
	No.
	50

	Wheel barrow
	No.
	30

	Root pruning scissors
	No.
	60

	Garden hose
	m
	1800

	Hammer
	No.
	50

	Sickle
	No.
	50

	Garden fork
	No.
	50

	Spray (nap sack)
	No.
	40

	Sharpening file
	No.
	18


11.4. Implementation Strategies

The proposal and plan of watershed management interventions alone will not ensure the effectiveness of watershed management program. Effective implementations of the proposed interventions should be part of watershed management plan, for which setting the strategies that ensure effective implementation of the proposed development interventions is required. Consideration of the implementation strategies during the preparation of the project plan is useful to make all preparations prior to embarking onto the implementation. With this logic, the strategies for implementation of the development interventions have been indicated as follows:

11.4.1. Implementation should be Participatory

In real sense, there should be participation at all stages of watershed management planning, starting from problem identification throughout all processes up to resource mobilization and maintenance after implementation. Although an effort has been made to involve the community during field investigation of the problems, it is not up to expected level. Thus, implementing the proposed interventions, every land user and others should participate while deciding the exact position of the measures. 
11.4.2. Watershed Logic to be Respected
This strategy requires technical consideration of the orientation of the watershed, in which implementation of development interventions should commence from ridge that is the highest part of the watershed to the valley. This will help to systematically treat the bigger watershed through treating the smaller ones. 
11.4.3. Community Capacity Building
With the existing capacity of the farmers in planning and laying out physical measures and technical capacity of the development agents, it would be difficult to implement the interventions. Building the capacity of both the community at the grass root level and the development agents through training and exchange of experiences of other areas having very effective and successful watershed management program is very crucial. 
11.4.4. Group Work and Local Experiences 
The community in the watershed and surroundings has good experience of working together for development activities. Working together has both positive and negative sides. One of the negative sides is that only few honest people work and others are overshadowed with such people. However, this can be minimized if there is good group leadership to fully involve the community and obtain the required involvement. Moreover, group work encourages consensus of the community to common interests and development interventions. This group work should also be linked with the implementation of common interventions such as area closure. In this case traditional self-help groups could play significant role. 
11.4.5. Linkage with Regular Extension Services
Government efforts to promote soil and water conservation measures have been most successful where they have been linked to the general extension service in degraded areas. However, the regular extension system under proposed project area is too weak with regard to natural resources conservation. Thus, watershed management interventions have to be seen as part of productive farming and not as an optional, extra and as such, it should be considered as preventive measure before the situation become irreversible. 
11.4.6. Rural Land Certification
The Federal and Regional governments should ensure land holding security for the farmers so that every farmer is able to develop the sense of belonging towards the proposed development interventions. 
11.4.7. Recognition of the Role of Women
 Women are the most affected part of society in the watershed and elsewhere in Ethiopia. They travel a long distance to fetch water, collect firewood, etc. Their role in watershed management is significant especially in homestead interventions and interventions that are directly linked with their day to day activities. Therefore, their role should be recognized in all aspects of the implementation and sincere efforts should be made to achieve their involvement. 
11.4.8. Project Cost-sharing
Cost-sharing by stakeholders helps in developing sense of ownership towards the implemented interventions among the stakeholders and ensures sustainability of the development measures. In this regard, those interventions requiring labor need to be implemented by community organizations and investment on those measures and inputs, which cannot be managed by the community, should be made by other agencies.
11.4.9. Flexibility in Placing Proposed Measures
In watershed, management there is no hard and fast rule that is peculiar to specific areas. It requires flexibility in locating the proposed interventions into practice depending on the conditions at micro- level, physical features and social conditions. 
11.5. Institutions 
Implementation of the proposed development interventions should be made through existing government structure. However, the organizational arrangement of Woredas in respect of understanding proposed interventions and number of manpower is inadequate of handle the implementation of the plan successfully. Woredas have few professionals’ with little or no knowledge on watershed management. The organizational structure of Agriculture and Rural Development offices of the Woredas shows that there is one expert for each of the following: soil and water conservation, Agro-forestry and Forestry and they are the only human resources to carry out the natural resources development program. This number will not be adequate to handle the proposed watershed management activities. More importantly is that the woreda experts do not have any training to either upgrade their knowledge or improve their skill as is the case for degraded and so-called food in-secured woredas of the country in general and Oromia region in particular. Moreover, the Woredas have no adequate budget and logistics for the sector. It has been learned during the discussions that the attention given to the sector is very low, the reason attributed is most probably the negligence and overlooking natural resource sector in the area by the government. However, it will not be logical to establish a separate institution for implementing the proposed interventions. It is advisable to improve the existing manpower by recruiting additional experts and strengthening the capacity of Woredas in terms of skill and equipments. Moreover, the different experts in the Woreda such as rural road, water resources, social workers and etc. need to be organized as multidisciplinary team with those experts in the natural resources sector. 
11.6. Development Plan

The contemplated watershed is meant mainly to reverse the existing adverse condition (i.e. the problem of ecological imbalance and land degradation to better situation through the conservation, rehabilitation and rational utilization of natural resources. In addition, the prevailing shortage of fuel and construction wood, human and livestock, feed would get certain improvements. In general, the project intends to improve the overall livelihoods of the society. For eventual attainment of these intended results, it was tried to identify and propose the most suitable development options in line with the problems and needs of the farming community. Besides, assessments of socio-economic conditions, soils and landforms, Soil erosion hazard, present land use and land cover details and problems. Thus, considering the existing potentials and constraints, the following watershed management plan map was produced.
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Figure 11‑1 Watershed Management Plan
12. ESTIMATION OF COST FOR WATERSHED DEVELOPMENT

In soil and water conservation cost estimation, there are basic issues to be considered. There are soils and water conservation measures to be undertaken in each land under erosion risk and categorization of the land based slope steepness. Therefore, the area and slopes requiring conservation was estimated from erosion map; the slope map is also generated from digital elevation model (DEM). Then, unit rates are adopted from Community Based Participatory Watershed Development Guidelines (MoARD, 2005) (See the Table below).
Table 12‑1 Cost rating of soil and water conservation measures
	Proposed SWC measures
	SWC  Measure Code
	Length /unit area (km/ha)
	Unit
	Norm
	PD/ha
	Rate /person
(birr)
	Rate/ha (Birr)

	Soil bund 
	SB1
	0.4
	Km
	150PD/km
	60
	30
	1800

	Tree planting
	TP
	625
	No
	10PD/1000 seedling
	6.25
	30
	187.5

	Stone bund
	SB2
	0.7
	Km
	250PD/km
	175
	30
	5250

	Bench terrace 

	BT
	1
	Km
	500PD/km
	500
	30
	15000

	Area Closure
	AC
	-
	Ha
	4PD/ha
	4
	30
	120

	Stone Check dam
	SCD
	-
	M3
	0.5 m3/ Pd
	-
	30
	

	Cutoff drain construction
	CD
	-
	M3
	0.7 m3/ Pd
	
	30
	

	Grass strip along contours
	GS
	1
	Km
	16PD/Km
	16
	30
	480


The immediate beneficiaries from the watershed management are all people within the entire watershed. Besides based on the extent of impact and the associated risk and benefit, the level of engagement of the people at different position of the watershed might vary. Those people who live in the lower part of the catchment would involve in the irrigation development while those in the middle and upper part of the catchment can participate in effecting the SWC structures relatively in larger extent. Hence, all beneficiaries from watershed should be involved in the soil and water conservation practices for sustainable watershed management.

The intervention costs were using work norms for each measure from the MoARD Guidelines for Participatory Watershed Development and applying these to the area for intervention based on assumptions.
Table 12‑2 Soil and Water Conservation Measures and Cost of Implementation
	Proposed SWC measure
	SWC Measures Code
	Area
	Rate/ha (Birr)
	Total amount (birr)

	Soil bund 
	LSB1
	15,320 ha
	1800
	27,576,000

	Tree planting
	TP
	9,470 ha
	187.5
	1,775,625

	Stone bund
	LSB2
	4,104 ha
	5250
	21,546,000

	Bench terrace


	BT
	6,982 ha
	15000
	104,730,000

	Area Closure
	AC
	1,217 ha
	120
	146,040

	Stone Check dam
	SCD
	287,000 m3
	287,000/0.5= 574,000 PD


	574,000PD*30birr= 17,220,000 birr

	Cutoff drain construction
	CDC
	306,400 m3
	306,400/0.7= 437,143 PD
	306,400PD*30birr= 13,114,290 birr

	Grass strip along contours
	GS
	5,679 ha
	480
	2,725,920



	Total Cost (birr)
	188,833,875


Table 12‑3 Costs for Inputs and materials
	Type of input/material
	Unit
	Quantity
	Unit cost (Birr)
	Total cost (Birr) ’000’

	Clinometers
	No.
	20
	500
	10

	Water level
	No.
	60
	50
	3

	Altimeter
	No.
	20
	500
	10

	Compass
	No.
	20
	260
	5.2

	Measuring tape(50m)
	No.
	20
	150
	3

	Axe
	No.
	100
	40
	4

	Hoe
	No.
	250
	40
	10

	Rake
	No.
	100
	20
	2

	Shovel
	No.
	250
	25
	6.25

	Hand saw
	No.
	20
	25
	0.5

	Watering can
	No.
	50
	25
	1.25

	Wheel barrow
	No.
	30
	45
	1.35

	Root pruning scissors
	No.
	60
	200
	12

	Garden hose
	m
	1800
	50
	90

	Hammer
	No.
	50
	25
	1.25

	Sickle
	No.
	50
	20
	1

	Garden fork
	No.
	50
	25
	1.25

	Spray (nap sack)
	No.
	40
	330
	13.2

	Sharpening file
	No.
	18
	30
	0.54

	Barbed wire
	m
	20000
	3
	60

	Polythene tube
	Kg
	1000
	20
	20

	Sub-total
	
	
	
	256


Table 12‑4 Stationary and other items
	Items
	Unit
	Quantity
	Unit cost
	Total cost

	
	
	
	(Birr)
	(Birr) ’000’

	Stationary
	-
	-
	-
	100

	Scientific calculator
	No.
	40
	120
	4.8

	Digital Camera
	No.
	10
	5000
	50

	Hand bag
	No.
	1000
	200
	200

	Motor bicycle
	No.
	20
	45000
	900

	Double-cup Vehicle
	No.
	9
	450000
	4050

	Sub-total
	 
	 
	 
	5,304.80


Table 12‑5 Salary, Per Diem and transportation
	Title
	Description
	Cost (Birr) ’000’

	Salary
	Two experts for each Woreda recruited

2x6x2000x12x10
One coordinator at the region 

1x6x2500x12x10
	2880
1800

	Per Diem
	Three experts from each Woreda for 30 days per year 3x6x100x30x10 
	540

	
	10 drivers for 30 days each year

10x70x30x10
	210

	
	Two experts from the Region for 20 days each year

2x100x20x10
	40

	
	Training of DA’s for 20 days, 4 DA’s from each Woreda

4X6X70x20
	33.6

	
	Training of 1000 farmers each year for ten years for five days

1000x50x5x10
	2500

	Transportation
	Fuel, ointment, etc
	100

	Sub-total
	
	8,103.6


Table 12‑6 Summary of costs
	No.
	Description
	Cost (Birr)’000’

	1
	Watershed treatment activities
	188,834

	2
	Inputs and materials
	256

	3
	Stationary and other items
	5304.8

	4
	Salary, Per Diem and transportation
	8103.6

	
	Total
	202,498

	
	Contingency (5%)
	10,125

	
	Grand total
	212,623


Considering the beneficiaries of the irrigation site, the following cost for the implementation of the development plan for the watershed was estimated (See table below).
Table 12‑7 Implementation cost estimate to be covered by the beneficiaries of Bite-Chole  SSIP
	No.
	Description
	Cost (Birr)’000’

	1
	Watershed treatment activities
	18,883.4

	2
	Inputs and materials
	25.6

	3
	Stationary and other items
	530.48

	4
	Salary, Per Diem and transportation
	810.36

	
	Total
	20,249.84


13. MONITORING AND EVALUATION 

Monitoring and evaluation of performance of interventions implemented as watershed management program is an important tool to value the proper implementation and out puts and impacts thereafter. Therefore, it should be considered with serious attention. Through monitoring, raw data or information can be collected from the project area which at later time may be used for evaluating the success and impact of a project. Moreover, monitoring is a management tool, which facilitates continued learning and provides quality information for evaluation, which is a process in which judgments on success and/or failures are made. 

Monitoring and evaluation of the performance of the activities during implementation and afterwards should be participatory for ensuring effective watershed management program. For the current project, it is recommended to carry out continuous monitoring at various stages as the condition permits. Evaluation should be made at the end of every year or completion of the plan of work for the year. Moreover, the impacts of the interventions should be evaluated. 

The following indicators are suggested for monitoring and evaluation:

· Amount of activities achieved against the plan

· Maintenance and improvement in the land productivity

· Improvement in livestock feed supply either in terms of quantity or quality

· Decrease in soil erosion and reduction in sedimentation

· Change in the livelihood of the community through a longer period 

· Increase in vegetal cover on forest and grazing lands and decrease in deforestation of forest areas

· Availability of water and increase in the yield of springs

Change in awareness of the community towards the need for watershed management, and the number of farmers community who have adapted the interventions on their farm land where required
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APPENDICES

Appendix Table 1: Summary of Mean monthly Climate Data at Guder Station 
	Month
	Mean Monthly RF (mm)
	Min Temp
	Max Temp

	
	
	°C
	°C

	Jan
	23.2
	6.3
	27.9

	Feb
	30.4
	7.5
	28.4

	Mar
	79.9
	9.5
	29.1

	Apr
	108.9
	9.9
	28.5

	May
	122.0
	10.2
	28.7

	Jun
	253.3
	10.2
	27.9

	Jul
	273.0
	10.4
	26.5

	Aug
	248.1
	10.0
	26.2

	Sep
	144.5
	8.7
	26.4

	Oct
	44.4
	5.9
	26.9

	Nov
	22.5
	4.8
	27.3

	Dec
	10.5
	4.4
	27.5

	Sum/Avg.
	1,360.7
	8.2
	27.6
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