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ABSTRACT

The development of irrigation systems has long been recognized as an important tool to
encourage economic growth and rural development in Ethiopia, as well as a foundation for food
security and poverty reduction. Irrigation development receives a lot of attention, but little
attention is paid to its sustainability. This study assesses the sustainability of Amiba Garno small
scale irrigation scheme, located in Gondar zuriya woreda. This study aims to identify
sustainability level of the scheme from socio-cultural, environmental, physical, economical and
institutional aspect. To achieve these objectives, structured household survey questionnaires,
semi-structured interviews, group discussions, field observations and literature were used.
Physical and technical performance indicators, maintenance indicators, stability of the system,
environmental protection, productivity of the scheme and institutional management structure
were also selected to indicate scheme operation and management practices. Based on the Yes or
No answers of the sampled households, sustainability rated scales of each category were
calculated. Finally, the average value of all categories was considered the scheme sustainability
index. From the data analysis, shortage of irrigation land is the first problem for the farmers. The
unequal distribution of irrigation water to their plots is also a major issue. Siltation of the head
work and apron damage is also a series issue that needs immediate solution. Generally, the
scheme's sustainability index was 1.53, a value approaching unsustainable condition. This is due
to poor institutional and management structures and low scheme maintenance. To improve the
economic and environmental sustainability of the scheme, institutional support, training of
farmers on improved crop production and water management issues, regular supervision and

monitoring of scheme activities are essential.

Key Word: - Sustainability, Irrigation, Indicator
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1. INTRODUCTION
1.1. Back ground

In Ethiopia, under the prevalent rain-fed agricultural production system, the progressive
degradation of the natural resource base, especially in highly vulnerable areas of the
highlands together with climate variability have aggravated the incidence of poverty and food
insecurity (Bishaw et al., 2013). Agriculture, the mainstay economic sector of Ethiopia, is
mainly based on rainfall which is highly variable both spatially and temporally
(Suryabhagavan, 2017). In many parts of the country, agricultural development and
performance is weak position by occurrence of due to droughts both in frequency and
severity. An extended drought in the country can lead to crop failure that aggravates food
shortages and poverty (Miyan, 2015). To solve this problem, the Ethiopian government
proposed irrigation to minimize the crop failure and drought risks based on the water

resources availability (Awulachew & Merrey, 2007).

Irrigation development has been recognized as a key tool to promote economic growth and
rural development, and it is considered as a basis for food security and eradicating poverty in
Ethiopia (Hagos, 2009). The country has huge land and water resources potential for
irrigation development. Awulachew (2010), estimated that total irrigable land potential in the
country is 5.3 Mha, including 1.6 Mha through rain water harvesting and ground water
potential, while the current reporting of irrigation schemes in the country is about 640,000 ha
including small, medium and large schemes (Awulachew, 2019). But due to technical,
financial, management and other problems the country hasn’t utilized its potential very well
up to today. However, there has been concern regarding the development of performance and
management of existing irrigation schemes, but the result is not satisfactory (Uysal & Atis,
2010).

Apart from valued efforts by the Government of Ethiopia and other stakeholders improving
agricultural water management, some constraints held back the progress, among the
challenges the Government policy, institutions and technologies capacity, infrastructure, and
market issues can be mentioned (Awulachew, 2019). Overcoming these constraints is critical
to achieve sustainable growth and accelerated development of the sector in promising manner
(Awulachew, et al.2011). Even though irrigation infrastructure expansion in the country is
promising, little effort is being made towards the sustainability of constructed schemes (Elias
2011).



FAO (2013), Defined sustainability as a means of ensuring human well-being without
compromising the capacity of the earth’s ecosystems to support life. In addition, this
sustainability defined as the well-being of future generations and in particular with
incomparable natural resources as opposed to the gratification of present needs (Hoover,
2012). Sustainability of the scheme is ensured through good management and periodical
operation and maintenance of the physical structures of the scheme. However, sustainability
of the schemes can be measured by using indicators. Indicators are used to measure
sustainability and give information for decision making in water resources management (Cai,
et al 2001) . An indicator is some number or qualitative that describes the level of actual
sustainability in respect of one of the objectives of irrigation to benefit the community over

the long run.

Amba Garno irrigation scheme is one the community managed irrigation schemes found in
Debisan Tikara Kebele, which is used for irrigation purpose. It has greater discharge for one
season irrigation at the proposed point and downstream even if it is diverted on upstream part
with limited expansion. When one observes the physical structures and water delivery
performance of the scheme, a question on sustainability of scheme is raised. As well known
for scheme sustainability the operation and maintenance activities are very important which
highly affect the performance of the scheme. The main focused of this thesis is to evaluate
the sustainability of the Amiba Garno scheme by using selected sustainability indicators and

to identify the management challenges that affect the sustainability of the scheme.



1.2. Statement of the problem

Though Ethiopia has abundance of land and water resources potential for irrigation
development, this potential is still untouched .For example, Wassie, (2020)and MOA, (2011)
estimated only about 10- 12% of the total potential is currently under production using
traditional and modern irrigation schemes while Awulachew, (2010) also estimated the current
irrigation coverage in the country is about 0.7 Mha, and the performance of the existing
schemes is not well studied. This shows that more attention was given to irrigation
development by the government of Ethiopia to use and utilize this vast irrigation potential to

overcoming the problem of food insecurity and eradicate poverty (MoWR, 2004).

Lined up with the Federal government policy and strategies, the regional government of
Ambhara is also giving more emphasis to irrigation development to increase productivity and
ensure food security in the region (Awulachew et al., 2005). But even tangible achievements
were made in the region for irrigation development the performance is not satisfactory; some of
the constructed schemes have totally failed while some are performing below their capacity
(Lambisso 2008). Amiba Garno irrigation scheme is among the community managed schemes
in the region. The hydraulic performance of this irrigation scheme is becoming poor and the
maintenance requirement of the scheme is significant. This is due to weak institutional set up,
poor maintenance of conservation structures that cause siltation and damage to the physical
structure, absence of equity between tail and head users in water distribution, poor water
management, poor irrigation scheduling, lack of proper operation and maintenances that

grounds low hydraulic performance of the scheme.

However, many researchers have been done on community managed irrigation scheme; but
most of them were focused on performance of physical, technical and socioeconomic
evaluation of the scheme. Since sustainability of irrigation system is evaluated from selected
indicators and factors affecting the sustained use of this irrigation scheme were neglected in the
study area. Therefore, the major focused area of this study was to evaluate sustainability of the
scheme from physical, technical, management and institutional, economic, social and
environmental aspect and to generate location specific data on sustainability of irrigation

scheme.



1.3. Objectives
1.3.1. General objective

The general objective of this study is to evaluate sustainability and identify management

challenges of small scale irrigation by using selected sustainability indicators.

1.3.2. specific objectives of the study:
> To identify the scheme management challenges that are threatening sustainability of
the scheme;
> To assess the source of conflict and resolution mechanisms by irrigation water users;
» To evaluate the sustainability of the scheme by using selected indicators.
1.4. Research Questions
» What are the management challenges that affect the sustainability of the scheme?
» What are the mechanisms used to solve conflict among the water users?
» What is the sustainability level of the Amiba Garno irrigation scheme by using selected
sustainability indicators?

1.5. Significance of the Study

In the development of policies and strategies of the country starting from past few years and
currently under Growth and Transformation Plan, the government gives more concentration
to sustainable development. Sustainability is simply an idea about what is going to be happen
in the future by using past data as point of reference and observation of what is happening in
the present. With this as input, the outcome of this study will contribute to improve the
information gaps between institutions and WUAs regarding the performance and the
management practices to ensure sustainability and the major problems of sustainable

irrigation management.

Therefore, the outcome of this study may make a bit difference to serve as a source of
additional information for use by policy makers, irrigators, WUAs, planners and by local
community to know the sustainable level of the scheme during the planning of irrigation
scheme management plan to ensure sustainable scheme.

1.6. Scope of the Study

The study was conducted on Amiba Garno community managed irrigation scheme intended
to evaluate the sustainability level of the scheme by focusing on selected sustainability
indicators such as physical performance indicator, technical performance indicator, stability

of the system, institutional structure and management system, maintenance indicator,



productivity and profitability of the scheme, environmental protection indicator. The study
finally makes evaluation of the sustainability level and analysis of the challenges related to
irrigation system that affect the sustainability of scheme and recommends the remedial measures
investigate the sustainability.



2. LITERATURE REVIEW

2.1. History of Irrigation development in Ethiopia

2.1.1. Land and water resources

Ethiopia contains 112 million hectares (Mha) of land. The potential cultivable land area
estimates vary between 30 to 70 Mha(Awulachew, 2019). Form this potential currently the
existing cultivated or irrigated area, is estimated to be about 4 to 5 percent, with existing
equipped irrigation schemes covering about 640,000 hectares (Awulachew 2010).

Ethiopia has also 12 river basins with an annual runoff volume of 122 billion m? of water and
an estimated 2.6 - 6.5 billion m® of ground water potential, which makes an average of 1575
m?3 of physically available water per person per year (Awulachew, et al. 2007). However, due
to lack of water storage infrastructure and large spatial and temporal variations in rainfall,
there is not enough water for most farmers to produce more than one crop per year (Cosgrove
& Loucks, 2015).

2.1.2. lrrigation development

Irrigation is practiced in Ethiopia since ancient times producing subsistence food crops
(Kassie, 2020). However, modern irrigation systems were started in the 1960s with the
objective of producing industrial crops (sugar and cotton) on large-scale farms by private
investors in the Awash area (Gebul, 2021).while local farmers had already been practicing
traditional irrigation during the dry season using water from river diversions for subsistence
crop production (Awulachew 2010). Modern small-scale irrigation development and
management started in the 1970s initiated by the Ministry of Agriculture (MoA) in response
to major droughts, which caused wide spread crop failures and food insecurity (GURARA,
2017).

The development of irrigation and agricultural water management holds significant potential
to improve productivity and reduce vulnerability to climatic instability in any
country(Schilling et al., 2020). Although Ethiopia has abundant rainfall and water resources,
its agricultural system does not yet fully benefit from the technologies of water management
and irrigation (Yosef & Asmamaw, 2015). The majority of rural residents in Ethiopia are
among the poorest in the country, with limited access to agricultural technology, limited
possibilities to diversify agricultural production given underdeveloped rural infrastructure,
and little access to agricultural markets and to technological innovations (Salami et al., 2010).
These issues, combined with increasing degradation of the natural resource base, especially in

the highlands, aggravate the incidence of poverty and food insecurity in rural areas (Stephens



et al., 2012). Improved water management for agriculture has many potential benefits in

efforts to reduce vulnerability and improve productivity (Awulachew 2010).

The irrigation potential of the country is estimated to be about 3.7 million hectares (Ugalahi
et al., 2016). Of the total potential, until now only about 20 to 23% of this potential is put
under irrigated agriculture up until now (both traditional and modern irrigation systems).
Recent estimates indicate that the total irrigated area under small-scale irrigation in Ethiopia
has reached to 853,000 ha during the last implementation period of PASDEP — 2009/10 and
the plan set for development of small-scale irrigation is 1850,000 ha, which is planned to be
achieved by the end of the five years (Tesfaye et al.,, 2019).The existing irrigation
development in Ethiopia, as compared to the resources potential that the country has, is not
significant and the contribution of irrigation sub-sector is not satisfactory (MOA 2011).

2.2. Sustainability and sustainable development

2.2.1. Concept of sustainability

The word sustainability is not new concept started today while is a broad concept and
multidimensional. Sustainability is a concept on which social and natural scientists, and
philosophers and many scholars from all disciplines have expressed their views from time to
time (Meppem & Gill, 1998). Today, however, sustainability is almost always seen in terms
of three dimensions: social, economic and environmental (Belete 2006).

2.2.2. Concept of sustainable development

Sustainable development has a broad concept and various definitions have emerged over the
past few decades (Barkemeyer et al., 2014). Economic, social and environmental changes are
inherent to development. Even as development aims to bring about positive change it can
lead to conflict. In the past, the promotion of economic growth as the motor for increased
well-being was the main development thrust with little sensitivity to adverse social or
environmental impacts (TARAFA, 2020). The need to prevent adverse impacts and to make
sure long-term benefits led to the concept of sustainability. This concept becomes vital
feature of development if it enhances well-being and greater equity in fulfilling basic needs to

meet for present and without undermining future generation’s well (FAO ,1995).
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Figure 2-1 the three spheres of sustainability

(Source: Adapted from Barry Dalal-Clayton, (1993), cited on (Elias, 2011)

Sustainable development should be environmentally bearable, socially equitable, and
economically viable that expresses sustainability denoted by A, B, C, and D figure above
respectively. The sustainable projects aim at contributing to environmentally sound water-
management for the control of salinity, water-logging and depth of water-table in agricultural
land  thus  enhancing  soil conservation  and  sustainable land use

(www.waterlog.info/articles.htm).

2.3. Sustainability evaluation of irrigation schemes

Spatial and temporal variation of rainfall in the country makes irrigation the best way to
enhance food production to ensure food security at national level. However, irrigated
agriculture radically changes land use and is a major freshwater consumer and also has
impact on the environment (FAO 1995). In addition to large water use and low efficiency,
environmental concerns are usually considered the most significant problem of the irrigation
sector (Cai, et al. 2001). Accordingly, there may be environmental problems include
excessive water depletion, water quality reduction, water logging, and salinization (Scanlon
et al, 2007).

In addition, excessive diversion of river water for irrigation has brought environmental and
ecological disasters to downstream areas, and groundwater pumping at continuous rates as
contributed to the lowering of ground water tables (Luo et al, 2021). So, sustainability of

irrigation development is threatened by unfettered surface and groundwater development,



lack of watershed and environmental management that aggravates land degradation which

negatively affects productivity capacity of the soil (Awulachew, 2010).

A guiding rule for sustainable irrigation water management is to minimize the interference of
the irrigation system with the associated environment system. Therefore, the sustainability of
irrigation scheme is not only evaluated from its’ negative impact on the environment but, also
evaluated from physical performance, technical, economic, socio-cultural and the like by
using indicators (Burton, 2010).The sustainability index level of an irrigation system is
calculated from actual value of one or several parameters that are chosen as indicators of the
system goals. The cause of the unsustainable indicators has been occurred due to limitation of
the technical, financial, managerial, social, and/or institutional causes (Bos et al., 2007).

2.4. Sustainability Indicators and Methods of Measuring Sustainability

2.4.1. Methods of Measuring Sustainability

Sustainable development has been getting more attention in the past few years worldwide as
main agenda. Considerable attention has been paid to align the development targets with
environmental consciousness (Organization, 2015).Indicators can provide crucial guidance
for decision-making in a variety of ways. They can translate physical and social science
knowledge into manageable units of information that facilitate decision-making (Giupponi et
al., 2006).

Kellett (2005) and Rogers et al., (2012) ,Revealed that to assess the sustainability of an
irrigation system and stated that sustainability indicators must have the following attractive
functions:
v Gauge sustainability of system elements like social, cultural, economic, environmental,
and institutional.
v' Gauge sustainability of system attributes, for example groundwater and crops and
processes of deep drainage and cultivation that make system elements; and
v' Gauge sustainability at a range of spatial scales (field, catchment, district & scheme)
According to (Fanadzo & Ncube, 2018), sustainability of the irrigation scheme is
threatened by inadequate access to irrigation water, inadequate knowledge and skills on
sustainable agriculture production practices leading to poor crop yield performance and
environmental degradation; poor irrigation designs, high debts, poor market
environment and inadequate skills in business management. Also, irrigation scheme
sustainability is affected by social and environmental constraints. The improvements of

the social and environmental constraints to maintain soil fertility, water quality and



reducing land degradation for better productivity are some of the main indicators that

ensure sustainability of the irrigation scheme(Khan & Hanjra, 2008).

In addition, (Khan & Hanjra, 2008), Waas , et al (2014)stated sustainability indicators can be
powerful decision supporting tools that encourage sustainable development by addressing
three sustainability issues and categorized sustainability indicators as Descriptive vs.
normative; Quantitative vs. qualitative; Objective vs. subjective; Community vs. expert and

Ex-ante vs. ex-post.

On the other hand, Elias (2011) cited on (Thapa et al., 2017) studied sustainability of the
Nedhi Gelan Sedi SSI Scheme in Deder woreda, Eastern Oromia in Ethiopia and identified
about eight categories of sustainability indicators like Relevance of the project for the farmer,
stability, collective action, productivity of the project, efficiency of the project, resilience of

the system, equity and protection are chosen.

Similarly Cai, et al. (2001), also categorized sustainability indicators in irrigation water
management as water supply reliability, reversibility and vulnerability, environmental system

integrity, equity in water sharing and economic acceptability.

While Lebacq, et al. (2012) categorized sustainability indicators of livestock farming into
three main categories: Environmental, Economic and Social sustainability, and divided them
into various themes, based on sustainability indicators. To measure sustainability of the
schemes, many researchers first collect data of individual indicators and then category of
indicators is judged and then sustainability index of single value are calculated according to

their categories.

A number of studies have used the above systems to study the sustainability of certain
systems. For instance, (Delai& Takahashi, 2011) use productivity of the systems, stability,
efficiency, durability, compatibility, and equity as categories of sustainable agricultural
systems and apply so many direct and indirect indicators that are able to express the
categories and then find the sustainability index from the average of the total. According to
Talukder et al., (2018), in a study on sustainability of agricultural systems, they used 52
indicators and For the sustainability analysis, all indicators were divided into 14 categories,
where each category was supposed to reflect the sustainability of one major part of the farm
system and finally the indicators were rated on a scale of 1, 5 and 10, where 10 indicated a
sustainable condition, 5 indicated a medium sustainability, and 1 indicated a condition that

was not considered sustainable.
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2.4.2. Selected categories of sustainability indicators

Indicator selection is an important step in all indicator-based assessments since it influences
results and conclusions. The use of a well-defined procedure to select indicators is thus
necessary to enhance credibility and acceptability of the evaluation (Ferede et al., 2020).
Indicators selection is based on available data since the indicator must be quantifiable.
Therefore, the data needed to quantify the indicator must be available or measurable. But for

this study the following categories of indicators were selected and categorize.

Technical performance indicators: From technical performance; water conveyance
efficiency of main canal is the main indicators selected for the study(Checkol & Alamirew,
2008).

Conveyance efficiency: Significant volume of water is lost by the networks of the
conveyance canals due to seepage and evaporation depending on the nature of the soil and
afro-climatic zone in which the canals are located. Conveyance efficiency is defined as the
ratio of the amount of water delivered at the turnouts of the main irrigation conveyance
network to the total amount of water diverted into the irrigation system or simply it is the
ratio of outflow rate to inflow rate of a system (Gorantiwar & Smout, 2005).1t is one of
closely related and commonly used output measures of performance that focus on the
physical efficiency of water conveyance by the irrigation system.

According to Leliso (2007), the conveyance efficiency for long unlined canals (>2000 m),
have been reported as 60, 70, 80% for sand, loam, and clay soil respectively; for medium
length unlined canals (200-2000) as 70, 75, 85% for sand, loam and clay soil respectively;
and for short canals (<200 m) as 80, 85 and 90% for sand, loam and clay soil respectively.
Losses of irrigation water occur during the transit from the head of a canal up to the farm
plot.

Maintenance indicators

Maintenance is the basic activities for scheme sustainability. It enables the keeping of water
control infrastructure in good working condition to minimize seepage and sustain canal water
level, so that the design water level and water delivery performance are maintained (Farley &
Trow, 2003). Where there is proper periodic maintenance, the only losses occur due to
elevation differences across structures (water level difference between upstream and
downstream of structure) in irrigation canals is the single most important factor disrupting the

intended delivery of irrigation water. The maintenance indicators will be evaluated by the
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following selected hydraulic performance indicators adopted from literature are the relative
change of water level and effectiveness of infrastructure (Poulin & Kane, 2021).

The relative change of water level (RCWL):

This indicator indicates the impact of sedimentation and erosion problems on the physical
irrigation scheme. If there is a rise or drop of the water surface elevation, which shows that
maintenance are being required (Bruijnzeel, 2004). It is ratio of the actual water depth from
the canal bottom and comparing it with the design water depth at the same position in the
main canal or the change of water depth from the intended level (Canals et al., 2006).

Effectiveness of infrastructure (El)

The computed values of the ratio (percentage), performance were classified according to
Mamuye & Mekonnen (2015) as ‘operative’, ‘nearly operative’ and ‘inoperative’. The
effectiveness of infrastructure shows the extent to which the system manager is able to
control water. As the deviation of effectiveness of infrastructure more than 5% would signal
the need for repair or rehabilitation of the physical structures (Mekonnen et al., 2022).

Physical Performance indicators

The sustainability of irrigation schemes were evaluated from physical performance. For this
study relative irrigation area and beneficiaries target performance indicators were selected.

Relative irrigated area: this term is quantify by ratio of the total area under irrigation versus
total designed command areas of already implemented irrigation projects during a particular
year or averaged over years of the scheme (Awulachew, 2010), (Mamuye&Mekonnen, 2015).
Within the irrigated area, a number of negative impacts (water logging, salinity and water
shortage due to competitive use) cause a reduction of the actually irrigated area (Kijne, 2006).
A further reduction of the irrigated area is related to population growth and urbanization, road

construction, etc.

Beneficiaries target performance: This is the ratio of actual number of beneficiaries using
irrigation schemes and planned or targeted number of beneficiaries. This is applicable mainly
to community-owned schemes (Awulachew, 2010), (Mamuye&Mekonnen, 2015).

The stability of the system

It is a useful indicator for assessing the sustainability of irrigation system and data required
will be collected through observation and semi-structured surveys. Soil fertility and
productivity of the land, water availability and land scarcity were assessed to check stability

of the system in view of sustainability (Corbeels et al., 2000). Checking the operation and
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functionality of structures in continuity of water supply and ability to deliver intended water
from head work and conveyance systems of the scheme, scarcity of resource (land and water)
and their continuity were assessed (Fischhendler & Heikkila, 2010).

Institutional structure of management system

Irrigation development and management is a community practice in which different
stakeholders work together to make irrigation system effective, efficient and sustained. The
main institutional indicator in an irrigation scheme is water user association (Gany et al.,
2019). They are formed from the members of water user as its name indicates. Poor
performances of government owned and operated irrigation systems have compelled a
number of countries to transfer rights and responsibilities for management of irrigation
systems from government agencies to private or local persons or organizations.

Productivity and profitability of the scheme

Profitability is one of the primary indicators of agricultural sustainability, the issue being to
ensure that agriculture is profitable without negatively affecting the environment, and to
recognize that farm profitability might be increased by preventing environmental
degradation. Irrigated agriculture must be economically viable in order to be sustainable,
ensuring not only adequate profitability for farmers, but also a positive contribution to
national/regional income. The purpose of using irrigation plot is to produce cash crops or
subsistence crops; production trend is increasing or decreasing, satisfaction level of users
about production, income level of users were selected as indicators under this category.
Environmental indicators

Now day environmental issues become high agenda over the world. Climate change, decline
of flow (fluctuation of discharge of water), assessment of time dependent variation of adverse
effects like water logging, salinity, flooding etc. are important environmental indicators for
monitoring a system’s physical sustainability. Sustainable irrigation system should balance in
the human, social and natural environments where it is located, maintaining and enhancing
the health of this environment. Watershed management activities in the study were assessed

by observation and survey.

13



3. MATERIALS AND METHODS

3.1.Description of the study area

3.1.1. Location

Gondar Zuriya woreda is located at 12°7'23"N-12°39'24"N and 37°24'24"E-37°45'43"E and
its total area is 1286.76 km?. Being part of the central Gondar Zone from Amhara Regional
State, Gondar Zuriya woreda is bordered on the south by the south Gondar Zone, on the
southwest by Lake Tana, to the west by Dembiya, to the north by Lay Armachiho and Gondar
town, to the northeast by Wegera. The cities in Gondar zuriya woreda include Degoma,
Enfraz, and Maksegnit.

Maksegnit is the capital town of the Gondar Zuriya woreda, which includes 37 kebeles and
have 10 perennial rivers. Amiba Garno is a community managed small scale irrigation
scheme located in Debisan Tikara kebele of Gondar Zuriya Woreda. It is located at 56 km
south of Gondar city and 18km from Makisegnit. The rest 6km is a footpath crossing a
number of private farmlands. The head work site is located at351991E and 1359062N with an
elevation of 2016m.a.s.l. The altitude indicates that it is in the range of 1995-2804 m.a.s.l,
which means that it is in the Tropical Humid agro-ecological zone. Figure3-1 below shows

the study area location map.
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Figure 3-1 Location map of the study area.

3.1.2. Topography and climate

Gondar Zuriya woreda elevation varies from 1507 to 3022 m a.s.l, and falls into two agro-
ecological zones. The two agro-ecologies are Weynadega (1500-2300 m a.s.l) and Dega
(2300-3200 m a.s.l.). In the woreda, the temperature ranges between 14-20°C, with a mean
annual temperature of 17.9°C. Rainfall ranges between 1030-1223 mm with a mean annual
rainfall of 1100 mm. Crop covers 56.5% of the area, pasture 14.7%, forests and shrubs 10%,
settlements 5.3% and the rest 13.5% is miscellaneous land and(GZWARDO, 2013 annual
report).Based on data obtained from the woreda agricultural development office, the woreda
almost flat land.

3.1.3. Demography and population

The majorities of the woreda population live in the rural area of the district, where they are
dependent on crop production and livestock rearing to sustain their livelihood. The woreda
has an estimated total population of 264,920 (of whom 130,796 are males and 134,124 are

females). About 10.24% of its population is urban dwellers, which is less than the zone
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average of 14.1%. The rural area consists of 40,551 households. With an estimated area of
1,286.76 square kilometres, Gondar Zaria woreda has an estimated population density of
205.9 people per square kilometre. This is low compared to the zone average of 60%
(GZWARDO, 2005, annual report). The total population in the Amiba Garno small-scale
irrigation project command area is estimated to be 5,000.

3.1.4. Land Use and Land Cover

Based on data obtained from the Agricultural Development Office of Gondar Zuriya woreda
and the project kebele, the main land use and land cover of the woreda and the kebele
includes cultivated land, arable land, rock, shrub and fallow lands, grass land, grazing lands,
water bodies, and others (villages or construction areas, waste lands and rock land).

Table 3-1 Land use pattern of the study area

Land use/cover Hydrological condition | Area (%) | WCN-II | WCN-III
Cultivated Poor 36.02 84.03 92.86
Grass Land 54.38

Shrub and Bush Land 8.66

Forest Land 0.94

Total 100

(Source: Gondar Zuriya agricultural office)

3.1.5. Water resources and description of the irrigation system

The main drainage basin of the project area is the Lake Tana basin, and the watershed area
covers around 26.62 km? The designed and current irrigable command area measure 82 ha
and 64 ha respectively. According to the design document, the weir height is 2.04 m and the
stream length is 10961.39 km. The major surface water resource in the project area is the
Amiba Garno River. There are also many perennial streams that join the river system
upstream and downstream of the head work site. Amiba Garno River is perennial having base
flow of 120 I/s from design document and currently 105 I/s measured by floating method in
the dry season. Amiba Garno small scale irrigation project is an upgrading scheme by
expanding the existing command area and increasing productivity with the same amount of
irrigation water flow which applying in the case of traditional activity. This project is
designed to use this water potential effectively and efficiently to increase the income of the
farmers living around the area without affecting the water balance. According to the design
report, the length of the main canals from the diversion head work to the last project

beneficiary users extends about 1.8 Km. The irrigation system conveyance structure consists
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of 1.2 km of lined canal, 2 flumes, 4 road crossing culverts, 4 vertical drops, 10 turnouts, 3
box culverts, 12 division boxes and other earthen canals was commissioned The diversion

weir of the project is shown in Figure 3-2.

Figure 3-2 Amiba Garno irrigation headwork structure
(Source: Photo taken on December 22/2023 during field survey)

3.1.6. Crop production and soil

Permanent intensive cropping is the current farming pattern in the study area, with low
technology input and without adequate soil erosion control measures. Crop production is the
main stay of the households of the project kebele. Almost all of the cultivable lands of the
kebele other than mountainous and other waste lands are under cultivation. It is also starting
point for in depth irrigation activities and production for the kebele. Based on the data
collected at Gondar Zuria Woreda Agricultural Development Office, the major crops grown
in the study area are wheat, teff, onion, garlic and pea. Barley and sunflower are the two
minor crops grown in the area. Gondar Zuria woreda agricultural development report
indicates that the major soil type of the proposed command area is clay soil.
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3.2.Materials
Materials used to conduct this study are listed in the table below.
Table 3-2 materials used for this study

No Material type Purpose

2 Stopwatch or clock To record time

3 Tape meter (50m) To measure the length of the main canal

4 Handle GPS (Garmin72) | To collect coordinate points and track actual irrigated
area

5 Stakes To fix the measuring place when the floating method
used

6 Floating object Dry leaf (Flow velocity measurement)

3.3. Method of Data Collection
Data were collected for some set of physical structure, institutional, social, environmental and
economic aspects under which we feel confident that, the scheme will continue to exist and
function, at least for the design period by understanding the past and current situation of the
system. In this study, both primary and secondary data were collected using quantitative and
qualitative methods. Tools used in this research for primary data collection were the survey
using structured questionnaires for the sample HHs, and the semi-structured questionnaires
for the FGD and programmed interview.
3.3.1. Primary data collection

Household Survey
To gather primary data, both closed and open-ended questionnaires on the socio-economic,
organizational and institutional situation of the users, household assets, activities, income,
and demographic information were collected from sample households using structured
interview questionnaires. The interview questionnaires were pre-tested among non-sample
respondents of similar characteristics and, depending on the results of the pre-test, some
modification was made based on hints received. In conducting the interview, four
enumerators who know the area and are well familiar with trained before filling
questionnaires were taken.

Sample Size and Sampling Procedure

It is difficult to collect data from the entire study area population due to time constraints and
limited budgets. Due to this, it is critical to determine sample size and identify sampling
techniques. Probability and non-probability sampling methods were used in this study. To
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sample respondents from the targeted households (HH), systematic sampling was used for
HH interviews, while in Focus Group Discussions (FGDs) the stratified method of sampling
was utilized for the water user association committees (WUAS), Development Agents (DA)

and women users of the irrigation scheme.

The current irrigation water user HH are 85 and 70 were selected for this study. A single
population proportion formula and purposive sampling techniques were applied to sample

selection.

N

o Eq. (1)

Where: n = the number of required sample of irrigation scheme (sample size); N = total
households of irrigation scheme (population size); e = confidence level (0.05) of precision.
The list of water user members is obtained from WUA. By informal communication with
other HHSs, the non-user number of all HH beneficiaries is obtained. Stratifying sampling was
used for selecting HH head from three equal places depending on the distance of the user’s
village from the head work that is 25,30 and15 household head was selected from the list of
head user, middle user and tail user respectively. For FGD and key informant interview
purposive sampling was used

Focus Group Discussion
The focus group discussion was done with representative farmers who are the first during
irrigation design and young irrigators having farm plots at the head, middle, and tail. This
was done to get all the information about management activities. Specifically, for semi-
structured questionnaires six participants were selected, including one water user committee,
two traditional water leaders, two women and one youth in the irrigation user’s community.
The discussion was based on irrigation water sustainability, water diversion mechanism,
irrigation schedule, water distribution and challenges faced in all irrigation activities starting
from water diversion from main source to field plot and agricultural seed plants.

Key Informants Interview

Key informant interview were conducted with development agents, relevant Woreda
irrigation experts and WUA and role model farmers. Conversation was conducted based on
all activities of irrigation management. This included water conveyance system, sustainability
of the irrigation scheme, the major problems faced and improvement opportunities of the
irrigation scheme. In general, the sustainability of the scheme was assessed by combining

different stakeholders.
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Discharge measurement

Discharge measurement is one of the main activities of data collection. It helps to know the
conveyance efficiency. Discharge measurement takes place in main canal using area-velocity

method. This was done as it was difficult to use Par shall flume as the canal is too large.

Measuring tape, stakes, stopwatch, and floating object are the materials that are used to
measure the discharge.

There are eleven steps as listed below used to measure and compute the discharge. It

includes:

Step 1 10m long straight section of the canal section is selected. The shape of the canal
along this section is regular;

Step 2: Two stakes are putted, one each side, at the upstream end of the selected portion
of the canal. They should be perpendicular to the centerline of the canal;

Step 3: measurel0 meter along the canal;

Step 4: Two stakes at the downstream end of the selected section is placed, which are
perpendicular to the centerline of the canal;

Step 5: The floating object is placed on the center line of the canal at least 5m upstream
of point and begin the stopwatch when the object reaches point where first stakes
at the upstream end are placed,;

Step 6: Stop the stopwatch when the floating object reaches point of downstream stakes
place, and record the time in seconds;

Step 7: Step 5 and 6 is repeated for five times in order to determine the average time
necessary for the object to travel from one point to another point. The object
should not contact the canal embankment during the trial, but if it does the
operation is repeated and the time for the bad trial is not included.

Step 8: The canal cross sectional area and wetted perimeter is calculated.

Step 9: The surface velocity(Vs) is calculated using the equations Vs = L / t, where t is
the average travel time in seconds, based on the average of five clear runs of the
floating object, and Average velocity (V)= 0.75*Vs , where 0.75 is a constant
velocity reduction factor (FAO, 1985).

Step 10: The wetted area of the cross-section A in m?is calculated

Step 11: The total discharge, Q, in the canal, is then obtained as: Q =V * A Where Q in

m3/s
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Observation

The other method of collecting primary data was by transect walk and analysis of the
situation by observing the functionality of irrigation schemes structures, carrying capacity of
the canal (actual), damage, condition of distribution structures, problem of flooding, erosion,
siltation of canal, weed growth in the canal and on farm, water logging, salinization, total
area proposed, irrigation practices and type of crop grown and other relevant data.
Photographs are also taken at selected locations. Grid coordinates are collected using hand
GPS (Global Positioning System) to prepare a map of the study area and delineate actual
command area under irrigation.

3.3.2. Secondary Data collection

Secondary data are collected from different sources like institutions involved in the
development of irrigation schemes such as the Bureau of Water Resources Development,
Bureau of Agriculture, Regional Meteorological agency, Woreda Office of Agriculture,
kebele Administration office, district and zonal irrigation offices, and Rural Development
workers. And also, literatures, both published and unpublished, were explored based on the
required data. The collected secondary data were related to type of crops cultivated, designed
command area, and designed features of the scheme, management structures, and by-laws of
water user association.

3.4. Method of Data Analysis

A descriptive analysis method such as frequency, percentage, mean and standard deviation
from qualitative, quantitative and personal observation was used to describe the different
socio-economic, institutional, environmental, cultural and political aspects of sustainability of
the schemes. Qualitative data analysis is prepared during and after data collection. The
principal elements of an asset are assessed using a standard questionnaire, requiring a YES or
NO response. This is used to see the presence or absence of a defect and analyze socio-
economic, institutional, environmental and physical aspects. Then, the Statistical Package for
Social Sciences (SPSS) software was used for quantitative data analysis. After all, outputs of
the statistical analysis such as the mean, percentage, frequency of occurrence and range were
summarized using tables, charts, graphs etc. Then, the sustainability situation under this
percentage condition is analyzed. Take the limit of condition index (Cl) in Table 3-3 which is
the score associated with the element in worst condition. Using Eq. (1), the sustainability
rated scale of the selected indicators is calculated. Take the average value of calculated rated
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scale of indicators to get rated scale of each category. Then, the average of the whole

category is calculated to get sustainability index of the scheme.

Data gathered from key informant interviews, group discussions and observations were
qualitatively analysed. At the same time, open-ended questionnaires and discussions with
different stakeholders and individual responses were summarized. Finally, data from different
sources was triangulated to get reliable information. According to these finding, primary field
or other data were collected and the data are processed by standard methods and get value of
indicators to calculate categories to get sustainability index of the condition under study.

The categories were selected to reflect the conditions of the scheme, socio-economic and
environmental, that are thought to promote sustainable irrigation system. In total, 7 categories
on the environmental and socio-economic sustainability were used in the study. For the
sustainability analysis all categories were elaborated by about 22 individual indicators, where
each of them was supposed to reflect the sustainability of one major part of the irrigation
systems.

Thus, to gain the above condition, primary data about 22 indicators are collected using survey
questionnaires, FGD and Key Informant interviews with the relevant stakeholders and
analyzed after inserting the data in to SPSS software. Then, depending on the result of the
percentage of the respondents’, the researcher find out condition index which shows the
status of the selected indicators’ goalposts. For the literacy case, it is clear that the goalpost
values should be 0 and100 percent respectively. But in this study 50 percent was taken as
lowest value of goalposts and maximum value is 100 percent. Then apply Equation 1 to find
numerical scale value of sustainability that are rated on a scale of >1, 1-2, 2-3 and 3-4, and 4-
5 as indicated in table 1. Where 4-5 show highly sustainable condition, 3-4 show sustainable
in most aspect, 2-3 stand for partially sustainability and 1-2 approach unsustainable

conditions and >1 indicated a condition that was not considered sustainable.

Actual value — minimum value

Sustainability scale= R I et Eq (1)

Maximum vaue — minimum value

Adopted from (Elias, 2011).

Table 3-3 : Condition index (Cl), status and scale of sustainability rating

condition index | Status Scale of
(categories of sustainability
actual value) rating
81-100 Good —No significant structural deterioration or | 3-5
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loss of hydraulic function

70-80 Fair indicates partial loss of function and /or some | 2-3
risk to the integrity of the structure Action not

immediately urgent

51-69 Poor a serious loss of function and/or some risk to 1-2
the structural integrity. Action needs to be taken to

prevent

<50 Very poor effective failure/approach to <1

unsustainable

Source: (Adopted from Garry et.al, 2005).

3.4.1. Selected sustainability indicators

Sustainability is a very broad and complicated concept that has been used in many ways and
various contexts the last decade and at present time. The use of this research became to study
the sustainability of irrigation systems in the case of Amiba Garno from environmental,
financial, social, and socio-economic points of view. This was to be done with a systematic
approach by using structured qualitative interviews together sustainability indicators primary

data from the beneficiaries supported by direct observation and secondary data support.

Researchers and scholars have developed many indicators to evaluate irrigation scheme
sustainability and categorize them in to group. But, to study the sustainability of the Amiba
Garno community managed irrigation scheme about nine categories of sustainability
indicators were chosen. The criteria for selecting these indicators are their effectiveness,
relevance, and they are clear and easy to measure and selecting the criteria of addressing the
central pillars of sustainability of the scheme i.e. physical, technical and management aspect,
economic, socio-cultural and environmental aspect were addressed, and they are described as
follows.

Physical performance indicators

A. Relative number of area (RA)

This indicator allowed investigating the change in area actually irrigated against the planned
in terms of ratio and give valid reasons for such variation. Thus, the actually irrigated area
was estimated by tracking using handle GPS (Garmin 72), whereas planned command area
was obtained from the design document of study area. Then, the RA of area was computed

using eq 2.1fthe value of RA of the scheme is equal and/or close to 1.00, it implies that the
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irrigated area is keeping its design state, similarly, the RA value greater than one indicates
that the expansion of cropped (command) area. However, if the RA value less than one, it
indicate the irrigated area is reduced compared to the intended; hence rehabilitation or repair
requirement of the system is required.

RA = AC/ AD --------- Eqg. (2)
Where, RA is the relative number of area, AC is the actual total command area (ha), and AD is
the designed command area (ha).
Taking 50 percent the lowest limit and 100 percent the largest limit, the sustainability rated
scale is calculated by.

Actual command area — Minimum

%
Maximum — Minimum

B. Beneficiaries target performance (BTP)

The BTP is an indicator in which people discussed their own life situation, identified their
problems, and planned for future. This indicator require developers to focus on creating
situation and finding out what to do with its inadequacies, planning for collective action to
transform whatever is undesirable, acting to change their life and finally identifying failures
and successes from action taken so that it transforms the nest plan of action. Beneficiary
members are a rich source of knowledge about their community and energy and commitment
to that community. Actual participation by community members, including youth is the key
for sustainability of project.
If implemented correctly, community participation can be effective for a number of reasons.
Communities have different needs, problems, beliefs, practices, assets. Getting community
involved in construction and implementation helps ensure that strategies are appropriate for
and acceptable to the community and its youth. Community participation promotes shared
responsibility by service providers, community members and youth themselves. This
indicator can be quantified by Eq. (3)

BTP = AB/ PB--------------- Eq. (3)
Where, BTP is the beneficiaries target performance, AB is the actual number of beneficiaries,
and PB is the planned number of beneficiaries.
Taking 50 percent the lowest limit and 100 percent the largest limit, the sustainability rated
scale is calculated by.

Actual BTP — Minimum

Maximum — Minimum

*
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Technical performance indicators

Technical performance indicators estimated through the calculation of conveyance efficiency
(EC) of the main canal. For the determination of EC in the main canal, as it is too large for
the partial flume, area-velocity method was used. The first canal section considered for
discharge measurement had 5 meter length and straight reaches of the canals. Floating
material (dried leaf) was put on the upper end of this canal section and the time it took to

reach the 5 meter mark was recorded by using stop watch.

Figure 3-3: Measuring canal length and floating material on the upper canal section
(Source: Photo taken on December 22/2023 during field survey)

This test was repeated five times and the average time it took was taken to calculate the
discharges. The cross sectional area of the canal was also evaluated by measuring the average
depth and width of this same canal section. The average velocity and the rate of flow
(discharge) were calculated by dividing the distance (5 m) with the average time, and by
multiplying the cross sectional area with the average flow velocity, respectively. Then, using

continuity equation (Q = A x V) the discharge of canals was calculated.

Figure 3-4 Measuring canal width and depth on the upper canal section
(Source: Photo taken on December 22/2023 during field survey)
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The second measurement was taken starting from the 0+00 m mark downstream from the
first test site for a distance of 500m, so that the amount of conveyance loss could be known
and the conveyance efficiency is determined. The criterion for choosing the sections for
discharge measurement was the availability of lined sections rectangular straight channel
shape to measure the flow. The discharge in the canal was determined using area velocity
method following the steps described in the above Section. After determining the amount of
water delivered by the conveyance system and total inflow into the conveyance system, the
EC was calculated using Eq. (4).

EC = (Q 0Ut / Q in)*100 ------m-mememememememememenes —Eq. (4)

Where, Q out is the amount of out flowing water from the canal (I/s) and Qin is the amount of
inflowing water (l/s). Loss (LC) is the difference between the amount of water inflow and the
amount of water out flow from the canal.

Stability of the system

Stability of the structures, soil fertility, and productivity of the land, water availability and
land scarcity were addressed by questionnaires. Then the stability rated scale were calculated
by using Eqg. (1).

Institutional structure and management system

Sense of ownership, participation of the beneficiaries, management transfer, establishment of
legitimate WUA/WUC, capacity to organize and enforce rules, integration of stakeholders,
ability of beneficiaries to generate operation and maintenance cost and construct new facility
were chosen as an indicators under this category.

Maintenance Indicators:
A. The relative change of water level (RCWL)

The term RCWL provides to estimate the impact of sedimentation and erosion problems on the
main canal of the irrigation system. Measurement of water level of the main canal during
irrigation season was considered at the head, middle and tail reach of the system. At each
reach of the main canal, the actual data were taken at every ten meter distance intervals along
the main canal up to the entire length. The actual water surface depth from canal bottom was

measured by using staff gauge and measuring tape meter.

If there is up or down of the water surface elevation, which indicates that maintenance are
being required. It was computed by taking the actual water depth from the canal bottom and

comparing it with the design water depth at the same position in the main canal.
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RCWL = changeofdepth Eq (5)

Design or intended depth

Efficiency of infrastructure (El)

The evaluation of the effectiveness of infrastructure was focused on the physical structures in
irrigation system apparatus. It is the ratio of functional structure to total number of structures
primarily installed. Under this parameter, the level of maintenance requirement of the system
was evaluated by computing the ratio of actually functional structures and total number of
structures initially installed. To determine the affectivity of the infrastructure of the irrigation
system, all the infrastructures including diversion weir, head regulator, the drop structures,
the division boxes and main canals off take gates (gates closure) which were positioned on
the main canal were monitored during the field observations.

El= (Number of functioning structures) / (Total number of structures) ---------- Eq. (6)

Table 3-4: Effectiveness of infrastructure

No | Name of structure Installed | Functional | Non-functional | El (%)
1 | Weir 1 1 0 100
2 | Flume 2 2 0 100
3 | canal regulator gate 1 1 0 100
4 | Turn out gate 5 3 2 60
5 | Drop structure 4 4 0
6 | Division box 12 8 4 67
7 | Road crossing culvert 2 2 0 100
8 | Division box gate 26 15 11 58
9 | under sluice gate 1 1 0
10 | Turn out 10 6 4 60
Total 64 38 26 59.38

Productivity and profitability

Productivity of the land whether it is decreasing or increasing, water availability and land
scarcity from time to time, whether the community generate sufficient income for the
household using irrigation, improvement of livelihood of the farmer, intensification of the
crop, increasing of annual production after modernization and availability of farm labour in
the area were analyzed from the study.

Environmental protection

Strictness of soil erosion, cropping pattern, watershed management and EIA main streaming
during planning of the project and current status and change of the environment due to

intervention were selected as indicators.
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4. RESULT AND DISSCUTION

4.1. Household Characteristics
According to Table 4-1; it was found that 54.3 % of the sample HH are 14 and below and
only 1.4 % is above 65. By considering sample HH below 14 years are too small for work
and those above 65 years are too old and are not potential contributor of labour for the family,
then the number dependency is increase in the areas.
Table 4-1: Age distribution of sample HH

Age distribution No Percent
<14 years 38 54.3
From15-32 27 38.6
From 33-65 4 5.7
>65 1 1.4

(Source: HH survey December 2015 E.C)

From the survey data, 85.7 percent of sampled HH are male headed and 14.3 percent are
female headed household. Here female headed households are supported by their adult’s son,
relatives, and or by their neighbours in the process of crop production. The average family
size of the sample household is 6.

Table 4-2: General Demographic status of the sample HH

Demographic characteristics Frequency Percentage
Male 60 85.7
Sex Female 10 14.3
Married 57 81.4
Marital status | Single 3 4.3
Divorced 1 1.4
Widowed 9 12.9
Christian 61 87.1
Religion Muslim 9 12.9
Ethnic Ambhara 70 100.0
Primary school 16 22.9
Secondary school 1 1.4
Education Special Skill 2
training 2.9
Read and write 19 27.1
Iliterates 32 45.7
Average Family size 6

Source: HH Survey December 2015 E.C
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Regarding the soil fertility of the irrigation farm, 71.4% of the respondents say good, 18.6%
very good and 0.1% bad which shows the soil fertility of the land is good since the farmers
also use mulching and traditional way of improving the fertility of the soil. Here, 100% of the
respondents use labour force to carry out farming activities. The perceptions of the household
on the land holding size are 35.7% very small, 42.9% small and 21.4% sufficient. This
confirms the scarcity of land in the area.

4.2. Sustainability of Amiba Garno SSI Scheme
The categories were chosen to reflect the conditions of the scheme, socio-economic and
environmental, those are thought to support sustainable irrigation system. In total, 7
categories for sustainability were used in the study. For the sustainability analysis all
categories were detailed by 22 individual indicators, where each of them was supposed to
reflect the sustainability of one major part of the irrigation systems.
Technical performance indicator, physical performance indicator, stability of the system,
maintenance indicator, Institutional structure and management system, environmental
protection indicators and productivity and profitability of the system were Categories.

4.2.1. Technical Performance Indicator

The conveyance efficiencies under normal flow conditions were calculated using Equation 4.
Therefore the conveyance efficiency of the canal is 88% for the lined main canals at the head
(LMCH) and 63%for the unlined main canal at tail. This result is somewhat lower than the
value of conveyance efficiency suggested for unlined canals, which was 70% (MOAFS,
2002). Here there is no secondary and territory canals developed by the project and
measurement was taken only from main canals .The average conveyance efficiency during
water delivery from main canal to field plot was 75.55%.The efficiency of lined canals has
been reported in the order of 95% for all canal length. With this respect, 88% for lined canal
are lower than 95%. But in this case there are no any secondary and tertiary canals systems,
so that much amount of water were lost due to most of canals are unlined, growing of grasses

and weeds be there in the canal during the site observation.
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Figure 4-1 Growing of grasses and weeds on the canal

(Source: Photo taken on December 22/2023 during field survey)

The reasons of these losses in the main canal also mainly the sedimentation problem and
seepage be there in the canal during the site observation. Another reason is unauthorized
water turn out by the farmers into their farm. Theft of water and illegal water abstractions,
and the peoples who lived around the main canal used canal water for domestic purpose; for
washing their body, for drinking animals, clothes and used the river for water supply purpose

as indicated figure below

Figure 4-2 Seepage loss on the main canal

(Source: Photo taken on December 22/2023 during field survey)
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Figure 4-3 Unauthorized water turns out by farmers

(Source: Photo taken on December 22/2023 during field survey)

In general, to have sustainable irrigation scheme all the required resources for irrigation

should be used in a way that is not wasteful, but maximizes output per unit input especially

water.

Table 4-3 : Conveyance Efficiency of lined and unlined main canal.

canal Average | Width | Length Time Area | Average | Discharge | Ec
section | depth(m) | (m) (m) elapsed | (m?) | Velocity | (m®/sec) (%)
(sec) (m/sec)

ULMC |0.13 0.36 50 77 0.0468 | 0.4870 0.022792 |88
LLMC [0.12 0.4 50 90 0.048 |0.4167 0.020000
UuMC | 0.11 0.6 55 160 0.066 |0.2578 0.017016 |63
LUMC (0.1 0.4 60 167 0.04 0.2695 0.010778

In sum, taking 70 percent for minimum value and 95 percent maximum value for medium

(200-2000 meters) canal, sustainability rated scale for conveyance efficiency of the project is

shown in Table 4-4.

Table 4-4: Conveyance efficiency sustainability rated scale value

Indicators Actual value of Sustainability Remark
Category indicators in rated scale
percent
Technical Conveyance 75.5 1.11 Move towards
performance of the | Efficiency unsustainable
scheme condition
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According to table 3-3, scale of sustainability rate 1-2, the status is poor and there is some
risk to the structural integrity. The current state of the scheme was shown under this category
.In general, from technical performance of the scheme, the research indicates that poor
conveyance efficiency was observed.

4.2.2. Physical performance indicators:

A. Relative number of area

Based on the design document, the proposed command area that a scheme could potentially
irrigate is about 82ha.However, the actual irrigated area in a cropping season is 64 ha. Hence,
the relative number of irrigation area is found to be 78% using equation 2. This indicates that
the actual irrigated area in a cropping season was remains 78% of the design/ intended
command area. According to table 1 the current state of the scheme was shown under 70-80
category.
Therefore, irrigated area of the scheme was reduced by 22% compared with the planned.
These were happening due to, natural drainage, and water shortage and soil fertility
degradation. In the irrigation schemes’ flooding were happen and damages the farmer’s field
by loading stones on the field and affects the soil fertility. The flood erodes the fertile soil of
the field and also it causes valleys that are not important for irrigation. This leads to reduction
of irrigation area. Taking 50 percent the lowest limit and 100 percent the largest limit, the
sustainability rated scale becomes 2.8 this result laid between 2-3 and the status is fair,
indicates action is not immediately urgent.
Beneficiaries target performance
Actual number of beneficiaries of Amiba Garno irrigation scheme is 70. According to FGD
information the number of beneficiaries decrease from planned number of beneficiaries due
to different reasons; by sell their cultivate land those migrate from rural to urban, conflict
from upstream user, and move outside of the country. Generally the actual beneficiaries
target performance is 82.4% and the sustainability rated scale evaluated by Taking 50 percent
the lowest limit and 100 percent the largest limit is 3.24. There for the beneficiaries target

performance was under good sustainable conditions. Then the physical performance indicator
is 3.02 then under sustainable condition but strengthening activities still lack.

4.2.3. Stability of the Scheme
Under this category, natural resources (water and land) were investigated with indicators like
soil fertility, productivity of the land and water availability that indicate stability of the
systems to ensure sustainability of the system. According to Garry et.al. (2005), for the
literacy case, it is obvious that the goalpost values should be 0 and 100 percent respectively.
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But in this study 50 percent was taken as lowest value of goalposts and maximum value is
100 percent. Then Taking 50 percent the lowest limit and 100 percent the largest limit
stability rated scale were shown in Table 4-5.the remark status is given based on table 3-3.
Table 4-5: Rated scale of stability of the system

Indicator Variables Actual value Rated scale | Remark
Condition
Index percent
A) soil fertility 71.4% 2.14 Fair (HHs Survey)
B)productivity of the land | 84.3% 3.43 Good(HHs Survey)
Stability of | C)water availability 62.8 % 1.43 Unfunctionality and

the systems
poor water resource

Management problem
influence it (HHs

survey)

Average rated scale of stability 2.333

(Source: Field data, December, 2015 E.C)

From Table 4-5, the stability average rated scale value shows the condition of stability of the
scheme According to Garry et.al(2005), scale of sustainability rate 2-3, fair- indicates partial
loss of function and some risk to the reliability of the structure. Action not immediately
urgent.

4.2.4. Productivity and profitability of the scheme

Farmers in rain-fed areas extremely concerned with the capture and effective utilization of
limited rainfall. Where an additional supply is available as in supplementary irrigation, as in
the case of Amiba Garno, it is important to maximize their income from this small amount of
additional irrigation.

The land does not respond without the supply of fertilizer and due to these farmers doesn’t
intense additional crop in the area in now there are shift of practice by augmenting
application of fertilizer with compost and manure.

Taking 50 percent the lowest limit and 100 percent the largest limit, productivity rated scales
were shown in Table 4-6. According to table 3-3 the sustainable condition is very good but

strengthening activities still lack.
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Table 4-6: Productivity of the scheme

Actual value of
Category Productivity Indicator Respondents Rated scale | Remark
answers in
percent
a) produce sufficient
income for the 88.5 3.85 Good
households
b) upgrading of the living
Productivity standard of the farmers | 84-3 3.43 Good
c) increase production of
dominant crop in the | 68 1.85 Poor
area)
d) Increasing of annual
production after 87.1 3.71 Good
upgrading of the
scheme
e) accessibility of farm
labor 82.8 3.28 Good
Average 82.24 3.2

(Source of data: HH survey)

4.2.5. Organizational structure and management system

WUAs are legal bodies which are made-up to have full control over the irrigation
infrastructure in their scheme. One of the major parts for a successful and sustainable
irrigation management is establishing a strong organization system. Sustainable management
of farmers-managed irrigation systems requires well established rules that assurance the
interest of all farmers.

Establishment of Legitimate WUA/WUC

The key organization structure in irrigation system is water user association. They are formed
from the members of water user as its name indicates. According to Amhara National and
Regina State (ANRS) water, irrigation and energy development bureau central Gondar zone
water, irrigation and energy department, the election of WUA can be takes place by existing
three selective members.

The establishments of legal WUA in the schemes respondents are asked whether they know
or not know water organization established in the area. Accordingly, 82.8%of the respondents
said “not know any water organization” whereas 17.2% said they know establishment of

water use association.
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From key informant interview of the kebele development agent said that:

The establishment of water user association was carried out by electing water committee only
from one got which is found at the upstream user. Still they tolerate the name of water
committee even if the beneficiaries did not accept them.

Key informant interview

Even if the committee with 8 members was established, they lack transparent, accountability,
and lack of commitment to users although it is one of the essential factors for good irrigation
management.

According to the information from FGD held with elderly traditional water leader, the setup
of the WUC in the study area previously initiated for the purpose of fulfilling the criteria set
by Amhara National and Regina State (ANRS) water, irrigation and energy development
bureau to get post-construction support especially during demonstration period and still these
people are actively participate in the leadership in the committee while the down steam users’
village did not aware them. From the HH survey, 90% of the respondents decided that they
are not the member of the irrigation users’ association and only 10% are member of the
irrigation user’s association. Some of the reasons for being not the member of the irrigation
user’s association in the survey result shows lack of participatory approach during election
period of the committee, lack of confidence in its importance and un-affordability to pay the

contribution for the membership.

The committee has no role for scheme maintenance except canal cleaning. Thus, the
committee must be accountable and transparent for all villages of beneficiary, have finances
and must have clear objective. Sustainable management of farmers-managed irrigation

systems requires healthy established rules that ensure the interest of all farmers.

Therefore, if the WUC are not practical how you manage the system in previous time and
who manage the system now was the question forwarded for the respondents.

Table 4-7: Response of respondents for existing management system

Management system Frequency Percent
community alone 1 1.4
WUA 2 3

NGO alone 0 0

GO 3 4
Traditional leader alone 15 21.4
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All in teamwork 42 60

GO and Traditional leader 4 5.7
Community, WUA and Traditional leader | 3 4
Total 70 100

(Source of data: HH survey, December, 2015 E.C.)

From Table 4-7 the issues of existing WUC are insignificant and the PA administration and
the traditional leader play a great role in management of the scheme.

Ability of the beneficiaries for Maintenance condition

Maintenance activities within a village covering small areas are done by the block or team
members and coordinated by the Community water association leader. But according to FGD
and key informant interview, the most important maintenance tasks are to remove silts two
times per year from the canals only on behalf of their villages. But the beneficiaries do not
cooperate and even shows willingness to maintain destroyed part of the scheme structure like
weir, flume and part of stolen and abandoned turn out structures. It is possible to say that
there is no maintenance of the irrigation infrastructure. The Community water association
leader is responsible for the mobilization of resources required for maintenance activities and
for the scheduling of maintenance of the main canal only for removing the silt, compacting
internal canal part to minimize the seepage and removing weeds that minimize canal carrying
capacity and retard the speed of water. Out of the 70 HHSs selected for interviews 4.3% of
them are women headed HHs from which12.9% of them are widowed and 81.4% of them
with their husband. Under the participation of the community, women participation plays a
great task to ensure sustainability of the systems. According to survey result 91.4% of the
respondents believe that there was no women participation in irrigation activities before the
project and after project too. Focus Group Discussion indicated that women headed
household who are single, widowed and owning agricultural land are parts of their schemes
enjoying similar benefits to that of men. Among the seven member of the nominally elected
water committee, two of them are women. This was done only to fulfill the criteria.
According to the respondents, 70% of the community was not participating during planning,
construction and post construction and 30% of the community was participated.
Construction of new facility

Sustainability of irrigation systems also depends largely depend upon the construct new

facility after construction of the irrigation structure and the relationships that establish
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farmers and their organization with external players that is market traders, input providers,

extension services, irrigation agencies and with relevant stakeholders.

According to the district agricultural office after construction, demonstration navigator were
carried out by IFAD for three consecutive years and intended it was adopted by the
beneficiaries. At that moment, IFAD make some correction on irrigation scheduling, but after
demonstration stopped, the downstream users force the upstream head user to use previous
traditional water right distribution systems. From this demonstration, the scheme users
benefits and learn how to cultivate which means to plough in a row, have improved seed and
able to produce twice a year. After demonstration take, the result of distribution was not that

much satisfactory according to key informant interview from woreda extension expert.

According to respondents’ response, 10% of them are the ability and willingness to pay cost
for new facility construction and 90% of them haven’t ability and willingness to pay cost for
new facility construction. In general rank the severity of absence of post construction support
was the question forwarded to the sample farmers in the selected study areas. Accordingly,
41.4% said that the post construction support was less, 20% said that it was modest while
38.6% said that post construction support was present.

Sense of ownership

For sustainability of the scheme, one of the important steps in irrigation system design has
been farmers’ participation in all stages of the project phase. However, the government has
been making vast investment in irrigation scheme design and construction without
participation of the community in the area. This lead to dependency on the government which

decreases farmer’s sense of ownership and responsibility for operation and management.

As far as capacity building for the users is concerned, only 14.3% agreed that they are gets
training and the rest 85.7% responded that they are not getting trainings regarding irrigation

scheme management.

Handing over of irrigation systems to farmers, upon completion of construction, has been a
standing procedure in small-scale irrigation development.

Here institutional structure of the scheme was summarized by taking actual value. from sub-
topic: Establishment of Legitimate WUA/WUC, Key informant interview from Participant
beneficiaries, Ability of the beneficiaries for Maintenance condition based on their capacity,

Construction of new facility and Sense of ownership
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Assuming 50 percent minimum and 100 percent maximum value of condition index, the rated
scale of each indicator was calculated and the result was found in Table 4-8.

Table 4-8: The average value of organizational structure and management system

Indicators Variable Condition | Rated Remark
index scale
a. Ability and willingness | 10 -4 90%say no pay
Organizational to pay costs and make
structure new facility construction
and management b. Participation of the 30 -2 Very poor
system beneficiaries
c. Establishment of 17.2 -3.28 Very poor
legitimate
WUA/WUC
d. capacity building 14.3 -3.58 Very poor
e. Post construction 38.6 -1.14 Very poor
support
f. Sense of owner ship 85.7 3.57 Good (with
their
Locality)
Average -1.07

From Table 4-8 the average value of Organizational structure and management system is -
1.07. The negative value shows the worst case for sustainable of the system. In general, in
this research absence of organization structure and management system in water distribution
bringing worst condition of sustainability for the systems.
4.2.6. Environmental Sustainability of Amiba Garno SSI project

The area was known by practicing irrigation for a long period of time under traditional
method and irrigation has added to increase food production. Similarly, socio-economic
difference, social distraction and environmental degradation are among the impact that
irrigation brings on the environment. To maximize the positive impact of irrigation and if
possible resist or minimize the negative one, mainstreaming the environmental impact
assessment in every project that has likely difficult impact on environment is a must. Thus,
even if the beginning of SSI project in this area has a number of social and economic benefits
which are thought to be the crop of the objectives, investigating the other side is critical and
with this respect, information was collected concerning plot fertility, human and animal

disease occurrences due to functioning of irrigation schemes in the area and condition of
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natural disaster and scarcity of natural resource which delay the sustainability of the physical

structure facility.

100% of the respondents believe that, farm destruction by flood and sediment accumulation
of weir is the major natural factors that reduce the sustainability of irrigation scheme in the
area. 92.9% of the respondents said that; land scarcity hold the first rank during ranking
scarcity of resource in the irrigation area. The land scarcity problem noted by farmers is the
result of population increase 78.6%, irrigation expansion 5.7%, infrastructure expansion 1.4%
and flooding problem 20%.Similarly, 91.4% of the respondent said that soil erosion is the
environmental problem in the area. The soil erosion observed on farm land caused by
irrigation water management problem 55.7%, and flooding from upstream that destruct
nearby farm accounts 35.7% of the respondents® response. About 81.4% of the respondents
said that, the productivity of the land do not decrease where as 18.6% said that the
productivity of the land decreased from time to time because without fertilizer there are no
any production from our plots. The water logging and salinity problem is not significant since
the land is sloppy in nature but next to the river side needs attention as observed through field

Visits.

Figure 4-4 Flooding problem on apron structure and sediment accumulation

(Source: Photo from field observation at Amiba Garno SSI December 2015 E.C)

Most of the respondents in the area did not specify an incidence of human or animal diseases
after the implementation of the irrigation schemes. Additionally, for crops ‘are there any pest

infestations due to irrigation implementation?’ was the question forwarded to the

respondents. Accordingly, 94.3% of the respondents said ‘no’ while only 5.7% said ‘yes’ for
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the above question. Therefore,” what is the reason of crop failure?’ are another question to

the respondents.

Thus, 42.9% of the respondents those who said there is crop failure responded that, the reason
for crop failure are existence of crop diseases and pests , water shortage due to insufficient of
scheme structure and poor cultural practice as a reason. Concerning the stability of water
availability, 54.3% of the respondents said that climate change has effect on availability of
irrigation water whereas 45.7% of respondents said that they do not know the connection of
this thing.

Generally, some of observed problem in the area are flooding, land slide, soil erosion which
result land degradation in the area. Population increase is another area, which needs attention
for the future in the area. Siltation is the main barrier for the irrigation structure sustainability
on the head work diversion while for cross-drainage structures damage by flooding is the
main factors. Here, the protective action of the scheme is also considered to study the
environmental stability of the project. Similarly taking 50 percent as minimum value and 100
percent as maximum value, protective action to bring environmental sustainability of the
project was summarized in Table 4-9.

Table 4-9: Summary of results for protection action rating scale

Indicators Variable Condition | Rated | Remark
index scale
Absence of soil 20 -3 92 % said yes
Environmental erosion erosion is
Protection for severe)
sustainability of the . i
scheme Croppl_ng pattern for |51.4 0.14 (no crop rotation an_d
protection of soil fallow to protect soil
fertility fertility due to land
scarcity
Watershed mgt. And | 0 0 Key informant
EIA consideration interview
during planning
and current practice
Change in 92.8 4.28 (12.9 % said yes)
environment due to
intervention
Average 1.42

(Source: Field work, 2015 E.C)
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From Table 4-9 average value for protection of environmental indicator is 1.42 according to
Table 3-3 between1-2. This shows the unsustainable condition of the systems. Therefore, the
study shows that due to irrigation structure, there are no environmental changes. But due to
lack of protective measure that ensures sustainability of natural resources that affect the
project, environmentally the project is in the condition of unsustainable condition.

4.2.7. Maintenance Indicators

The relative change of water level (RCWL)

This parameter is defined by measuring the ratio of change of the water level in the canal to the
intended (designed) level as shown above. The design or intended value of the water level
(H) when the main canal was 0.46 m. whereas the actual level (height) measured was 0.21 m.
This makes change of water depth to be 0.25, the value of relative change of water level to be
54.34 percent. If a value is greater than one it would expected to indicate an erosion problem or
overcapacity of a canal resulting from inaccurate dreading or cleaning activity. While, if the value
of water surface elevation ratio is less than one, then there is a probability of rising canal bead
level due to sedimentation or siltation and weed incidence in a canal (MOGISO, 2020). When the
value of water surface elevation ratio is equal to or close to one, this implies that the main canal is
keeping of water conveyance and distribution system in good working condition.

Taking 50 percent the lowest limit and 100 percent the largest limit sustainability rated scale
0.434, this value is greater than 0 and less than 1. This indicates that the intended water level
in the main canal has not been achieved due to growing of weeds, grasses and sediment
accumulation in the canal as observed during on site visit. Hence, less discharge is delivered
per unit time there for, maintenance is required.

Efficiency of infrastructure (EI)

Effectiveness of infrastructure was estimated using equation 6. According to the design
document, the total number of structures initial installed in the irrigation scheme was 64,
however only 38 structures are currently functional. Therefore, the value of effectiveness of
infrastructure is found to be 59.38%. This value indicates that more than 40.63% of initially
installed structures were non-functional because of scouring, sedimentation, silt accumulation
and the physical irrigation infrastructure in this system has decline over time. It was happing
due to absence of regular repair of the irrigation system components

Taking 50 percent the lowest limit and 100 percent the largest limit then the sustainability
rated scale became 0.938 based on the formula. As the deviation of effectiveness of
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infrastructure more than 5% would signal the need for repair or rehabilitation of the physical

structures (Mekonnen et al., 2022).

In this study the maintenance indicator the average of the two indicators (The relative change
of water level and efficiency of infrastructure) which is 0.686.
4.3. Challenges of Amiba Garno SSI and level of impact on sustainability of

the system
The major irrigation management challenges are forces which threaten the sustainability of
irrigation structure. Identifying these threats should be the solution to various protective
actions by managements. Siltation at head work is one trouble and factors that cause system
unsustainable. Eventually, it becomes impossible to supply the dependent command area with

water. Siltation in the canals is moderate but in some area it needs desilting.

Figure 4-5 Siltation at head work
Source: Photo from field observation at Amiba Garno SSI December 2015 E.C

Regarding for the loss of soil fertility, it is good if the combination of composite and fertilizer
application as well as manure application would implemented as reported from key informant

to ensure the stability of the productivity of the farm land.

The other problems that are threatened related to water resource availability and agricultural
land scarcity such as drought, sedimentation, too small land holdings and farm land
inundation due to flooding will be endangered in the future but application of integrated
watershed management is the solution to it. As observed during site visit, weed growth in the
canals and in the farm is another important physical constraint which decreases efficiency of

the canals and productivity of the farm respectively.
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Figure 4-6 Weed growth in the canals
(Source: Photo from field observation at Amiba Garno SSI December 2015 E.C)

According to design document, the irrigation water distribution per each irrigation has been
directed by community elders who have its own problem to irrigate water stress sensitive
crops such as vegetables. Therefore, such problem can be easily solved by establishment of
strong water users committee under improved systems (GZAO, 2010). Absence of
establishing representative WUC or strengthening of the existing structure was the main

institutional threats of the area.

Key informant of GZAO engineer, Gebru Zemene, there are great problem of integration of
stakeholders, overlap of duties and responsibilities and institutional instability. According to
him, in development of irrigation due attention was given to construction of physical part
only and at this moment, there is no operation and maintenance department as well as no
regular monitoring and evaluation trend in the office. Finally, the respondents asked to rank
the major challenges that reduce their irrigation development at present. The results are
shown in Table 4-10.

Table 4-10: Major factors which decrease irrigation development at present and their rank

degree of challenges in percent

Challenges Less Modest Severe Rank
poor technology choice 14.28 25.71 60 2
lack of market information 5.7 35.7 58.6 3
Very Small land holding 8.58 4.28 87.14 1
lack of training on irrigation technologies 45.7 10 54.3 4
poor infrastructures such as roads, lack of 61.4 24.3 10 7
adequate credit service and extension packages

lack of irrigation structure maintenance 21.4 34.3 44.3 5
Water scarcity 60 14.3 25.7 6
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The survey result showed that 52.9% of the respondents said that irrigation water use can
create conflict, those conflicts are raise due to, scarcity of water, water theft and problem of

water management as the main reason for conflict as shown in Table 4-11.Whereas 47.1% of

the respondents believe that there is no conflict

Table 4-11: Reason for conflict

Source for conflict Frequency Percentage
Scarcity of water 21 30

Illegal abstraction of Water 8 11.4

Lack of enforcement of by low(Problem of water management) | 35 50
Unequal maintenance contribution 6 8.6

Total 70 100

4.4. Sustainability level of Amiba Garno SSI
In this study, sustainability of SSI scheme can be defined as, the search for some set of
policies and practices under which we will feel confident that the system should continue to
exist and to function, at least for time-span of 20-30 years. Here, from policy perspective the
researcher only focus on practices on the ground. From technical, physical, socio-culture,
environmental and community participation different practice were discussed under each
topic as indicated above and understand the condition of each aspect. Now, let us see the

level of impact of each condition on sustainability of Amiba Garno scheme.

According to Abernethy (1994), cited by Elias (2011), there seem to be three major ways in
which systems may lose sustainability, because they are no longer delivering their benefits,
they are not performing the eternal part of the structure as well, they are damaged by different

factors, and beneficiaries haven’t responsibility to hard work for urgent activities.

Before categorizing the scheme to the above three criteria, combining of values for individual
category are done as follows:

» Stability average rated scale =2.33
Technical performance average rated scale =1.11
Physical performance average rated scale =3.02 that means the average of its indicator
Productivity average rated scale =3.2
Environmental Protective average rated scale =1.42

Institutional structure average rated scale=-1.07

YV V V V VYV VY

Maintenance indicator average rated scale =0.686 that means the average its indicator
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Hence, the sustainability index of Amiba Garno was the average of the above values, and
itbecamel.528. According to this value, the scheme is on the verge of becoming

unsustainable.

The result indicated that, it is useful to organize an impact study on the irrigation systems that
causes unsustainability. Number one factor is the absence of well-organized institutional
structure towards the scheme sustainability which resulted mainly from low value of
establishment of legitimate WUA, resulting low value of maintenance performance.
Similarly, very low value of environmental protective average rated scale, lack of protective
means to overcome any threat against the distraction of conveyance system and natural

resources of this project.

In this regards, development of Amiba Garno SSI scheme was relevant for the community
and also increase their productivity that explained by value between fair and good.
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5. CONCLUSIONS AND RECOMMENDATIONS
5.1 CONCLUSIONS

The aim of this research is to study the sustainability of Amiba Garno SSI scheme. To answer
the specific question of the study, primary data were collected from sampled households
using survey questionnaires. FGD with elderly traditional water leader, water committee,
women and youth, direct field observation, measurement and key informant interview also
carried out. Secondary data were also collected from design document, literature and

published books. More of primary data was used in this study.

The study was done to give an image of the sustainability at scheme level. The spatial scale
comprised the farm and scheme and the time scale at least for the time intended during the
planning stage of the project that is 20 years and now it was 6 year after construction. The
objective was to give level of the sustainability of condition index by concerning selected

indicators.

Generally, good productivity and physical performance indicator of the scheme with fair
stability is balanced by poor technical performance, poor Institutional structure Poor
Maintenance indicator , poor protective action and resilience of the systems which affect the

sustainability of the scheme in aggregate.

The results are described using table and charts. Important indicators of sustainability of SSI
scheme were selected based on theories of sustainable SSI found in the literature and then
primary data for each indicator was collected using survey questionnaires and condition index
was set depending on the response of respondents. At the same time, scale rating was
assumed for each condition index and goalpost was assumed. Taking the average of each

indicators value was the final steps to determine the sustainability index of the systems.

The total length of the main canal of the scheme is 1008m. From this, 858m is concrete lined
and 150m is earthen canal. Average conveyance efficiencies were 88% and 63% for lined

rectangular and earthen canal, respectively.

Maintenance performance indicators were considered by the parameter of relative change of
water level and effectiveness of infrastructure. As a result the maintenance performance of

the system was very poor.

Using the qualitative and quantitative information obtained from household interview, key

informants, FGD and direct observations, households socio economic characteristics,

47



technical performance, physical performance, stability of the system, institutional structure,
maintenance indicator, environmental protection, productivity of the system and challenges

and sustainability of the SSI scheme were analyzed and methodically discussed.

In the case of this project, an outcome of lack of equitable resource distribution, which create
lack of institutional structure towards the scheme sustainability issues especially for operation
and maintenances which damage the stability of the physical performance by minimizing the
conveyance efficiency of the scheme coupled with low environmental protective action
aggravate the problem and finally systems are no longer to deliver their benefit and the
beneficiary are also no longer to give necessary efforts to key activities and sustainability of
the system become under question. Then to use the results to point out the parts of the
irrigation scheme in which there were shortage in the sustainability, and where the farmers
and concerned body could work in order to improve the sustainability.
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5.2. RECOMMANDATIONS
The following recommendations are believed to contribute for improving the sustainability of

Amiba Garno SSI scheme:

>

Bottom-up approach is best for irrigation development treating farmers as owners and
not as beneficiaries of the projects. So, farmers should involve throughout the project
planning, implementation and evaluation phases.

Creating representative water user association is fundamental for irrigation scheme
sustainability. Hence, water user association of Amiba Garno irrigation scheme has to
be strengthened. Effort should also be made to bring all beneficiaries of the irrigation
scheme under water user association

Training in water management, and marketing and general crop production for
farmers and extension workers ,Institutional support and regular monitoring and
evaluation of irrigation schemes is necessary to provide feedback and information
important for the future planning of management of new schemes and maintenance of
old schemes.

Finally, promote research and development activities that indicate standard indicators
of sustainability of SSI scheme to assess and monitor the scheme in the light of these
indicators.

Although the success of implementing new irrigation facilities, equal attention should

also be given to sustainability of already constructed irrigation schemes.
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Appendix

Table 0-1: Name of selected water committee Amiba Garno SSI scheme

No Name Sex Age Village (gote) | Year of
establishment
1 Mandae Takele Male 45 AmibaGarno | 2011
2 Awoke Mandefro Male 39 AmibaGarno | 2011
3 Misganaw Chekole | Male 41 AmibaGarno | 2011
4 Megabiyaw Sisay Male 33 AmibaGarno | 2011
5 Alamirew Kasse Male 48 AmibaGarno | 2011
6 Setegn Mola Male 40 AmibaGarno | 2011
7 Deneblal Kasse Female 28 AmibaGarno | 2011
8 Ageritu Abate Female 33 AmibaGarno | 2011
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Questioners for sampled house hold, focus group and key informant
Bahir Dar University Institute of Technology
School of Civil & Water Resource Engineering
School Graduate studies
Hydraulics Engineering Department

A questioner designed for sampled farmers
Dear respondents,
The main objectives of this questionnaire is to identify challenges and level of sustainability
in case of Amiba Garno small scale irrigation project in central Gondar zone Gondar zuria
woreda, such studies on the community based small scale irrigation are useful to the planers
and decision makers to sketch the most suitable irrigation development plans, which are
based on food security, farmers needs and priorities.
You are kindly asked to give an answer freely and openly. The questionnaires are abundant
for the academic research purpose, any information you present will be kept confidential.
Thus, your cooperation is very necessary to achieve the desired goal of the study.

Thank you for your support in advance
Bayesh Maru the survey coordinator

SECTION I
Questionnaires for Beneficiary Households
1. General information
1.1. Site of research
Woreda-------=-=-=-===neneueun--

Full name of interviewer ---------------- --

Date of interview -----------=---=---mmmomemeeo-
1.2. Household Head:

1. Fullmame ..............ooooiiiiiiiiii,
2. Sex: 1, male 2, female
3. Age: ..ol years 1,<l4 years 2,from15-32 3,from33-65 4,>65
4. Marital Status: 1, married 2,unmarried 3,divorced 4, Widowed
1.3. Ethnic background: 1, Amhara 2, Other, Specify --------------
1.4. Educational status  1,Reading and writing 2, primary school
3,secondary school 4, special skill training, 5 illiterate
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1.5. Religion backgroundl,Christian 2, Islam 3,Catolic 4,Protestant
5,0thers(specify)

1.6. Family size: How many family members do you have? Male------ Female----Total---

1.7. What type of irrigation system you have? 1 .Gravity 2. Pump 3. Both

Land resources and operation

2.1. Do you have land for production and other activities?1. Yes 2. No

2.2. If yes, provide the following information: 1. Homestead 2. Irrigation land 3.
Private Pasture 4 .Common grazing 5. Other/specify

2.3. For what purpose have you used your irrigation land? 1. Seasonal crop 2. Food crops
3. Grazing land 4. Cash crop 5. Any other specify

2.4. What is the soil fertility of land on which you are irrigating?
1. Very good 2. Good 3. Bad 4. Very bad

. A. Significance of the project

3.1. Did your irrigation land (farm) belong to you? 1. Yes 2.. No

3.2. If no, to whom belongs this irrigation plot/farm? ...........c.cccceee.

3.3. If you are using irrigation how do you see the size of land holding you have under
irrigation? 1. Very small 2. Small 3. Sufficient 4.Large

3.4. What are the main purposes of using irrigation? 1. To generate cash income 2.To
produce food for the household 3. Produce livestock feed 4 others
(specify

3.5. What do you think is the benefit of Amiba Garno irrigation project? (Multiple answer
is possible)

» For human: For home consumption 2. Market (Income increase) 3. Job opportunity
4.0ther, Specify

» For livestock: 1. Forage production increase 2. Easy access to water 3. Crop residue

for livestock 4.0ther; specify

3.6. Is this irrigation project significant to you?1. Very much 2. Normal 3. Not that much
4. Completely not

3.7. Is your life changed after you begin to use modern irrigation? 1. Yes 2. No

3.8. If yes what are the indicators?1. Construction of new house 2. Sending children to
school 3. Food variety 4.Income increase 5.Constructions of new irrigation facility

6.0ther, specify
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3 B Community contribution

3.1 Who begin the construction of the scheme in your area? 1. Government 2. NGO 3.
Community 4.1&2 51&3 6 Allincollaboration

3.2 Has the scheme been constructed full participation of the target beneficiaries? 1) Yes
2) No

3.3 If your answer to Q3.2 is yes at which stage of the intervention process you have
participated?1) Preparation 2. Construction 3)Post-Construction 4)1&2 5)2&3 6)1&3
7)in all phases 8)others (specify)

3.4 If your answer to Q3.3 is participated, what is your contributions?1)initiative 2) only
free labor 3)IN cash 4)Food for work 5)Cash for work 6) Supply of local materials

3.5 Is there women involvement in irrigation activities before and after scheme
upgrading?1) Yes 2) No

3.6 If the answer is yes for Q3.5 how they participated?

3.7 Are the numbers of beneficiary decrease or increase after modernizing the irrigation
system? 1 decrease 2 increase

3.8 Is the management system put in place for developed scheme after intervention?

1) Yes 2) No

3.9 | f your answer to Q 3.8 is yes, who manage the system now?1)Community alone 2)
WUA alone 3) NGO alone 4) Government alone 5)Traditional leader alone 6) All in
Collaboration(multiple answer is possible)

3.10 Is the management body adequately performed its duties and
responsibilities?1)Yes 2)No

3.11 If your response to Q3.10 is no what do you think the reason? --------------------
3.12 Do you have sense of owner ship to the developed scheme?1) Yes 2) No
3.13 What do you think should be done by the community to improve the

sustainability of the scheme?

4. Productivity of the project

4.1. What seems your production pattern and productivity?

4.2. How many times do you produce in a year?

4.3. Do you think that currently the productivity of your land has decreased?
1. Increase 2. Decrease

4.4. If you say decrease to the above question what is/are the main reasons?
1. Ageing of land 2. Loss of nutrients 3 . Little or no use of following
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4.5 What is the indicator for you the irrigation system is productive? 1 produce sufficient
income for the households 2 upgrading of the living standard of the farmers 3
increase production of dominant crop in the area 4 Increasing of annual
production after upgrading of the scheme 5 accessibility of farm labor

5. Technical performance

5.1. Do you think the Irrigation water is enough for the project? 1. Yes 2. No

5.2. Is there water shortage for your plot? 1. Yes 2. No

5.3. If your answer for question No 5.2 is yes why you do think is the reason? (Multiple
answer is possible) 1. There is shortage of water in the river 2. The pump capacity is
small 3. Water distribution management is poor 4. Water conveyance system is not
functioning well

5.4. What is the water conveyance method from source to field? 1. By Gravity method
2. Motor pump by using electric power 3. Motor pump by using engine power 4.
Others

5.5. Do you feel you share equal water with every user in the scheme? 1 .Yes 2. No

5.6. If no, what do you think is the reason for the inequality? 1. Ethnicity 2. Gender 3.
Political Power 4. Religion; 5. Crop Type; 6. Management problem; 7. Nearness to
the main water canal; 8. Land size; 9. Topography of the plot; 10. Others/Specify

5.7. What are the major challenges in water conveyance system of canals? (your answer
may more than one) 1. Poor canal leveling and grading 2.Sediment deposition in
the canal 3.Lack of willingness of farmers in canal clearance 4. Seepage 5.weed
growth in the canal

6. Maintenance indicator

6.1. Who make maintenance of irrigation system? 1. Government 2. Farmers 3.
Nongovernmental organization (NGO) 4. Others

6.2. What is the source of water for your scheme? 1. River 2. Dam 3. Lake 4. Ground
water

6.3. Which structure frequently of damage is high? Rank them1 .head work 2. Flume 3.
Intake gates of main canal 4. Drop structure 5. Road crossing culvert 6. Earthen canal
7 Others/Specify

6.4. Did you still took guidance on operation and maintenance of the structures and

canals? 1. Yes 2. No
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6.5. If your answer is yes on Q. 6.4 how many times? 1. Once per irrigation season 2.
Once per year 3. As required by the community 4. As planned by the Government 6.
Other specify

7. Environmental indicator

7.1. Which resource you think is short in your area? 1. Water; 2. Agriculture land; 3.
Pasture land; 4. Forest; 5. Other specify

7.2. Why you think it is scarce/shortl. Population increase 2. Irrigation expansion 3.
Infrastructure expansion 4. Expansion of grazing land 5. Overgrazing 6. Fuel wood
consumption 7. Other, specify

7.3. From where are you getting water for your utilization? (Multiple answers are
possible)1. Rain fall 2. From Amiba Garno River 3. Ground water from your place
4. Any another, specify

7.4. What are the primary uses of water? 1. For Agriculture, 2. For Domestic, 3. For
Industrial, 4. Other, specify

7.5. Do you think the climate change has an effect on the water availability? 1. Yes 2. No

7.6. How?

7.7. Do you think that soil erosion is an environmental problem in the project area? 1. Yes
2. No

7.8. If your answer is yes for the above Q 7.8, why? Because 1. Irrigation water
management problem 2. Irrigation system (flooding) 3.Structure problem 4. Type or
irrigation (pump/ gravity) 5. Other,

8. Institutional structure and management system

8.1. Is there any water organization in your irrigation area? 1. Yes 2. No
8.2. If yes, what it is? 1. WUA 2. WUC 3. Other, specify

8.3. Do your water organization has written bylaw 1. Yes 2. No

8.4. Are you a member water user association 1. Yes 2. No

8.5. How do you see your water organization? 1. Very Strong 2. Strong

3. Medium 4. Very weak 5. Weak
8.6. What are the challenges in WUAs during water coordination? 1. Low communication
between WUs 2. Lack of incentives for WUAs 3. Lack of willingness of WUASs4.
Lake of transparency and accountability 5.0ther
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9. Major Challenges that threat the sustainability of the scheme

9.1 Major Challenges that threat the sustainability of the irrigation structure

Challenges degree of the problem: 1=Less,
2=medium,3=Severe

Very Small land holding

poor technology choice

lack of market information

lack of training on irrigation technologies

poor infrastructures such as roads, lack of
adequate credit service and extension packages

9.2 Do you think the irrigation water use can create conflict? 1. Yes 2.No

9.3 Why do you think is the irrigation water is the source for conflict? Because of1.

Scarcity of water 2. lllegal abstraction of Water 3. Lack of enforcement of by law

(Problem of water management) 4. Unequal maintenance contribution 5 others

9.4 . Whom do you think create the conflict will be? 1. among the beneficiaries 2. With

D/s users 3. With U/S users 4. With1 & 2 5. With1& 3 6. With1, 2 & 3.

I1. Question for Focus Group Discussion (FGD) For Women, Traditional Water Leader,
WUA, Youth.

Name of Irrigation Scheme-------------=-------ocemeeo--

Interviewer sex-------------------

1.
2.

What it look like the overall maintenance of irrigation structure?

What is your skill to construct new facility and to improve the existing irrigation
facility?

What are the major problems in water conveyance system?

What are the sources of conflict in relation to irrigation scheme in the area?

Do you have traditional structure on how to allocate water resource, maintain the
canal and diversion structure and way of penalty, conflict resolution during traditional
irrigation system before intervention and what is your contribution to the
sustainability or unsustainability of the schemes from your socio-cultural back
ground?

Does the irrigation scheme create special benefit to women? What is the benefit?
What is your experience on the continuity and availability of irrigation water and
irrigated agricultural soil fertility?
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8. Isthere a water users Association for the scheme? What is their responsibility?

9. What is your relation with the Woreda Agriculture Office and the irrigation expert?

I11. Questionnaires to Key Informant

Key informant interview for Gondar zuria woreda Water office and Agriculture Office.

Organization

Name

Educational status

1.

o > N

What it seems irrigation water management practice of Amiba Garno irrigation
scheme?

What is the major management problems related to water conveyance?

Do you organize all water management activities in good manner? If no why?
Have you ever seen conflict between users or WUA in the scheme? How to solve?
What type of medication or action you take to solve the problems in water sharing
and conveyance system?

What are the duties of WUAs? How many member they have?

Is there any special support to female headed households using irrigation?

Suggest the possible option to sustain the irrigation structure?

THANK YOU VERY MUCH
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