VIdOIHL3 NI SIW3HIS NOILYIIYHI 3T¥S-TTVINS NIVLNIVIN OL SSININITIIM .SHIINHYA ONY XIOLSIAI ‘NOLLYINIWIOIS

==
=
—
=
—
=
=
(=)
m
—
m
(=)
rm
(5]
w
=
—
m
(=]
—

SEDIMENTATION, LIVE
WILLINGNESS TO M
RRIGATION SCHE




o g ~ w

Propositions

The sustainability of small-scale irrigation schemes is highly dependent on the
farmers’ willingness to maintain the irrigation systems.

(this thesis)

Current measures to reduce sedimentation are unsuccessful because they address only
one source.

(this thesis)

Young mothers need more than a scholarship to succeed in their Ph.D.

Writing science in your own mother tongue is more difficult than writing in English.
For a successful Ph.D. trajectory, emotion management is needed than intelligence.
Limited attention for transdisciplinary learning at Ethiopian Universities hampers

solving the country’s complex problems.

Propositions belonging to the thesis, entitled.
Sedimentation, Livestock and Farmers' Willingness to Maintain Small Scale-

irrigation schemes in Ethiopia.

Hanan Tadele Dessalegn
Wageningen, 21 February 2023



Sedimentation, Livestock and Farmers’ Willingness to
Maintain Small-Scale Irrigation Schemes in Ethiopia

Hanan Tadele Dessalegn



Thesis Committee

Promotor
Prof. Dr. Charlotte de Fraiture
Professor of Hydraulic Engineering for Land and Water Development

IHE Delft Institute for Water Education and Wageningen University & Research

Co-promoters
Dr. Ir. Alex Bolding
Assistance professor, Water Resource Management

Wageningen University and Research

Dr. Mekonen Ayana Gebul
Associate professor, Department of Water Resources Engineering

Adama Science and Technology Institute

Other Members

Prof. dr.ir.C (Cees) Leeuwis, Wageningen University and research, The Netherlands

Prof. Tena Alamirew, Senior researcher at Addis Ababa University, Ethiopia

Dr. Hermen Smit, Senior Water policy officer at Westland Municipality, The Netherlands
Dr. Frank van Steenbergen, Meta-Meta Enterprise, Netherlands.

This research was conducted under the auspices of the Graduate School for Socio-Economic
and Natural sciences of the Environment.



Sedimentation, Livestock and Farmers’ Willingness to Maintain
Small-Scale Irrigation Schemes in Ethiopia

Hanan Tadele Dessalegn

Thesis
submitted in fulfilment of the requirements for the degree of doctor
at Wageningen University
by the authority of the Rector Magnificus,
Prof. Dr A.P.J. Mol
in the presence of the
Thesis Committee appointed by the Academic Board
to be defended in public
on Tuesday 21 February 2023

at 1:30 p.m. in the Omnia Auditorium.



Hanan Tadele Dessalegn
Sedimentation, Livestock and Farmers’ Willingness to Maintain small-scale Irrigations in Ethiopia
142 pages

Ph.D. thesis, Wageningen University, Wageningen, the Netherlands (2023) With references, with
summary in English

ISBN: 978-94-6447-548-7

DOI: 10.18174/584355









CHAPTER 1.

nnnnnnnnnnn






Introduction

1. Introduction

1.1. Introduction and Background
1.1.1. Irrigated Agriculture and Its Contribution to Global Food Security

Irrigation has been used by humans for over 8,000 years as a technique to grow crops in areas
or seasons where otherwise they would be unable to do so. Irrigation has played a very
important role in increasing global agricultural production and improving global food security
in the past decades. From 1961 to 2009, the global area equipped for irrigation increased by
117%. Currently, more than 40 percent of global agricultural products are produced on
irrigated land, which is less than 20 percent of global arable land area. To meet the
requirements of the world population, which is projected to be more than 9 billion by 2050,
food production needs to be increased by 70 percent globally and by 100 percent in
developing countries, and irrigation is expected to be a major contributor (Alexandratos &
Bruinsma, 2012). Nevertheless, in Africa, only about 5% of agriculture is irrigated even though
the region has an irrigation potential covering 43 million hectares (Ringler, Mekonnen, Xie, &
Uhunamure, 2020). For a continent where much rainfall is highly seasonal, this remains a huge
barrier to improved food security and better incomes for farmers. In most African countries,
including Ethiopia, there is still untapped irrigation potential that can be developed to boost
agricultural production for ensuring food security and poverty alleviation.

Investment in irrigation infrastructure and the maintenance of existing irrigation schemes are
key to improve agricultural productivity and fast-track economic growth for practical poverty
reduction (Hanjra & Gichuki, 2008).

1.1.2. Irrigation in sub-Saharan Africa (SSA)

Most of the people in Sub-Saharan Africa (82% according to (Beegle, Christiaensen, Dabalen,
& Gaddis, 2016)) live in rural areas, earning most of their income through agriculture and
struggling to secure food. The region has the highest prevalence of hunger, more than 66% of
the population of Africa has been affected by moderate to severe food insecurity (UNICEF,
2021). Around 92% of rural households in SSA are to some extent involved in farming, and a
median African rural household earns about three-quarters of its income from agriculture
(Davis, Di Giuseppe, & Zezza, 2017). Despite farmers in SSA being vulnerable and food
insecure, they can be the engine for growth and poverty alleviation. Empirical evidence shows
that agricultural growth in SSA can be eleven times as effective in reducing extreme poverty
as growth in other sectors (FAO 2012; Ringler et al., 2020). Irrigation has been identified as a
key investment to end hunger by 2025 as part of the Malabo Declaration (AUC 2014). Hence,
the African Union launched a framework for Irrigation Development and Agricultural Water
Management in Africa in 2019. The irrigated area in SSA is projected to double by 2030 (World
Bank, 2008) increasing both the food supply and sector productivity since irrigation produces
twice the yield of rainfed agriculture (De Fraiture & Giordano, 2014).
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Estimates of the number of small-scale farmers and how much they contribute to food
production vary according to the definition of a small-scale farm, which in turn is context
dependent. The size of the landholding is often cited, but the scale varies tremendously from
one country to another. For instance, irrigation schemes in Ethiopia are classified into three
types based on the size of their command area, namely, small-scale (< 200 hectares),
Medium-scale (200-3,000 hectares), and large-scale irrigation systems (>3,000 hectares)
(Makombe et al., 2011).

A large body of empirical research (Fan & Rue, 2020) argues that smallholders are key to
global food security and nutrition. The smallholders in developing countries play a key role
worldwide in this food security equation. More than 84% (513 million) of the world’s farms
operate on less than two hectares of land. Although these farms account for only 12% of the
world’s farmland, they provide livelihoods for more than 2 billion people and produce about
80% of the food in SSA and Asia (FAQ, 2015). Smallholders contributed up to 30 % of the gross
domestic product (GDP) of SSA and employed 67% of the labour force(Tushaar shah,
2020).0ne of the reasons why SSl is attractive for food security purposes is that the estimated
SSI potential in sub-Saharan Africa is 6.6 Mha, much bigger than the irrigation potential for
large-scale irrigation schemes of 1.3Mha (You et al., 2011). The simple design, easy operation
and management, low cost, and higher rate of return relative to large-scale schemes make
SSI promising for increasing agricultural productivity (De Fraiture & Giordano, 2014).
Moreover, studies show that small-scale irrigation schemes perform better than large-scale
irrigation ventures (Bjornlund, Bjornlund, & Van Rooyen, 2020; Gebul, 2021).

1.1.3. History Of Small-Scale Irrigation in Ethiopia

All three government changes in Ethiopia have been accompanied by some restructuring of
land tenure policy, including the imperial regime (prior to 1974), the Derg regime (from 1974
to 1991), and the current government steering the Federal Democratic Republic of Ethiopia
(from 1991 to date).Traditional irrigation development in Ethiopia has a long history that was
practiced before centuries (Bekele, Tadesse, & Konka, 2012) probably pre-dating the Axum of
empire more than 2,000 years ago (Kloos, 1991)Moreover, in the highlands of Ethiopia,
irrigation practices have long been in use since ancient times for producing subsistence food
crops. Spate irrigation has also been used traditionally.

During the imperial regimes (prior to 1974), local resources (human, land, water, and other
natural) were “owned” by a few powerful individual agents affiliated with the royal court:
landlords, army officials, or local tax collectors who used to work on behalf of the central
kingdom. Irrigation planning and management were undertaken by the owners or their
representatives. Peasants who were working with local landowners on “sharecropping” basis
did not have any entitlements unless the landowner (i.e. the scheme owner) allowed them to
use water.

During this regime, the main purpose of irrigation was to provide industrial crops to the
growing agro-industries in the country, many of which were controlled by the interest of
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foreign companies and fostered to boost export earnings (Gebul, 2021). Spate irrigation has
also been used traditionally.

During the era of the socialist Derg regime (from 1974-1991), the dominant motto was
empowering the socially disfavoured peasants in the imperial regime by organizing and
making them “owners” of the resources. The irrigation and agricultural development schemes
were then transferred to peasant cooperative unions. Ownership was secured by joining
Agricultural Producer Cooperatives (PAC) which constituted peasants from the local peasant
association (PA) and managed the scheme to produce food crops. Maintenance of ownership
was secured through participation in the production processes of the PAC. Kloos (1991)
argued that during the Derg regime, the government-funded initiatives of irrigation
development were unsustainable partly due to the social instability created during the
national villagization program that led to the resettlement of peasants and abandonment of
irrigated lands in the old settlement areas. Also tenure insecurity and the peasants'
dissatisfaction with cooperative farming negatively affected by irrigation performance
(Gessesse, 1990) as cited by (Kloos, 1991). Since the 1975 land reform, ongoing land
fragmentation and a reduction in farm size have been major factors in the reappearance of
insecure tenure (Gebre-Kiros, 1980). Insecure land tenure has hindered peasants from
investing time and money in irrigated agriculture.

During the current FDRE regime (from 1991 to date); the period between 1991 and 1995 was
considered a transitional period (to federalism) during which no significant irrigation
development activity was carried out. There has been no major change in core property (land)
policies between the Derg and the current government; hence changes concerning irrigation
schemes were not as radical as that between the imperial and the Derg regime. Ownership of
the SSI scheme has remained communal, while the management system has been changed in
many respects. Under the current government, “democracy” and devolving power to the
people (whether it is practiced or not) through decentralization dominate public policy
discourses and discussions in Ethiopia. The political atmosphere of such a governance system
is manifested - at least in theory - in the day-to-day communications of irrigation
management. Institutional hierarchies are decentralized and major decisions at least in
principle are supposed to be made at an individual, local level. The present regime is focused
on the articulation and implementation of a series of national economic development plans
and programs. In all these plans, irrigation development has progressively received greater
attention. Hence, in the past decades, small-scale irrigation received considerable attention
through a national plan for expansion as well as many state-funded efforts to foster
rehabilitation and modernization of existing irrigation schemes (Mastewal Yami, 2013). The
growing interest in enhancing rural livelihoods through improving agricultural water
management has led to an increase in investment in SSI development by donors, and
governmental and non-governmental organizations (NGOs).

Small-scale irrigation is classified into three categories, modern, traditional, and modernized
small-scale irrigation schemes. Modern schemes usually have fixed or improved water
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control/ diversion structures and are generally constructed by the government or NGOs.
Traditional irrigation schemes on the other hand differ from modern schemes because their
diversion weirs are usually made from local material and need reconstruction every year.
They are constructed by local people and have often been functional for a relatively long
period. The management of small-scale irrigation is similar, usually involving local leadership
and water users’ association with the government providing extension support. Studies are
showing that local water management institutions are stronger in traditional irrigation
schemes compared to modern schemes (Hagos, Makombe, Namara, & Awulachew, 2009).
Modernized small-scale irrigations are comprise existing traditional irrigation systems that
have been upgraded by concrete diversion structures and concrete lining part of the irrigation
canals (Haile & Kasa, 2015).

Even though irrigation schemes are considered key in eradicating poverty, the irrigation
sector also represents the largest freshwater consumer in many countries. Irrigation accounts
for approximately 70 percent of total global fresh water withdrawals, including from
groundwater, and account for more than 80 percent of consumptive water use (FAO, 2016;
Makarigakis & Jimenez-Cisneros, 2019). Livestock watering and freshwater aquaculture are
additional forms of growing agricultural water use. According to the World Water Assessment
Programme (UNESCO, 2015), irrigated water withdrawals have tripled over the last 20-50
years, and these were expected to increase at 0.6% per year from 1998 until 2030, resulting
in 36% more food production at the cost of 13% more water consumption.

1.1.4. Available Water Resources and Irrigation Potential of Ethiopia

Ethiopia is blessed with an abundance of natural resources, especially water, it is known as
the water tower of Africa. The annual rainfall varies from 2,000 mm in southwest Ethiopia to
100 mm in the northeast of the country, in the arid Afar lowland. Besides the availability of a
huge volume of freshwater — Ethiopia has 12 river basins with an annual runoff volume of 122
billion m? and an estimated annual renewable groundwater volume of more than 6.5 billion
m3, most of its rivers are not perennial, with about 70% of the total runoff obtained from the
month June to August (S. B. Awulachew & Ayana, 2011; RVO/NWP, 2015). Water is a limiting
factor in the irrigation potential.

Ethiopia's irrigation potential estimates differ from one source to the next due to a lack of
standard or agreed-upon criteria for estimating irrigation potential in the country. Awulachew
and Ayana (2011) estimated that there was 3.7 million ha of irrigation potential, and 197,000
ha are actually irrigated, but Hagos et al. (2009a) reported that there was an irrigation
potential of 3.5 million ha and 626,116 ha are actually irrigated. However, according to (MoA,
2011), traditional and modern irrigation schemes are currently used to irrigate between 10
and 12 percent of the total irrigable potential. According to Tilahun and Paulos (2004),
traditional irrigation schemes cover 138,339 ha, while modern small-scale irrigation covers
48,074 ha and modern large- and medium-scale irrigation covers 61,057 ha, making up for a
total irrigated land of is 247,470 ha. One of the characteristics of Ethiopian agriculture and
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the national economy is the country's inability to produce sufficient food (Gebreselassie,
2006). The challenge that Ethiopia faces in terms of food insecurity is associated with both
inadequate food production, even during good rain years (a problem related to the inability
to cope with the growth of population), and natural failures due to erratic rainfall (aggravated

by climate change) that increased the vulnerability to periodic droughts and food insecurity.
Ethiopia has a history of famines caused by a combination of high population pressure,
resource depletion, but also war and social disruption and droughts that have a significant
impact on rain-fed agriculture. Low farm production and productivity as a result of backward
technology and a lack of other productivity-enhancing modern inputs have been documented
as major causes of rural poverty and food insecurity (Gebreselassie, 2006). As a result,
increasing total available arable land or attempting to increase agricultural yield by, for
example, growing higher-yielding crop varieties has limited potential to provide food security
in Ethiopia. With the advent of rapid population growth in recent years, local population
displacement, deforestation, frequent land redistribution, soil erosion, and sedimentation
have begun to threaten the very resource base of the dominant farming system. Unless the
overall natural resource management and its governance is improved, food security will
remain challenging to achieve.

1.1.5. Challenges of SSI in Ethiopia

Awulachew and Ayana (2011) argue that the failure to achieve the planned national targets
is caused by many operational problems. Several studies (Abera et al., 2019; Agide et al.,
2016; S. B. Awulachew & Ayana, 2011; Zeleke, Bart, & Laszlo, 2012) indicate that the
performance of irrigation schemes is low, measured with several applicable indicators; While
the causes for low performance are diverse, one of the major constraints is excessive
sedimentation in the headworks and canal network and a lack of funds and labour for
operation and maintenance (S. B. Awulachew & Ayana, 2011; Gebul, 2021). It is largely
attributed to inadequate management of schemes. S. B. Awulachew and Ayana (2011) argued
that the operational and management problems that affect the irrigation systems are due to
a lack of strong national institutions. Hence, not only are the productivity and efficiency of
schemes low but also the areas irrigated are far below the potentially irrigable areas created
by project implementation. Reports indicate that currently, about 50% of the irrigation
schemes are considered as providing functional services, 34% of the implemented schemes
are not utilized at full capacity, and 16% are non-functional (Gebul, 2021).

The succession of water resources and irrigation management policies is characterized by the
frequent restructuring that also involves the movement of human and physical resources.
Institutional instability causes high levels of staff turnover and the loss of institutional
memories and data that hinder effective knowledge and skill transfers (Gebul, 2021).
Irrigation development and management in Ethiopia is highly dominated by a top-down
approach and could not benefit from the golden opportunity of existing local knowledge
(Yohannes, Ritsema, Solomon, Froebrich, & Van Dam, 2017). A lack of ownership feeling by
the local community toward those schemes that are planned, implemented, and operated by
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government support constitutes of the key reasons for the unsustainable irrigation system
operation. In general users community are not actively consulted during the various stages of
irrigation schemes design and construction.

The consistent focus on the expansion of new construction of irrigation schemes while those
previously operationalized are underperforming or abandoned, shows the lack of regard for
or access to lessons learnt from past efforts. Generally, irrigation development in Ethiopia has
been largely focused on infrastructure construction. The important role of irrigation
management and governance is largely overlooked. There has been little attention paid to
the rehabilitation of deteriorated schemes.

Recognizing the shortcomings of technical top-down measures and the importance of social
interaction in managing sediment and maintaining irrigation infrastructure, another set of
solutions emphasizes the establishment of effective formal and informal institutions (Beyene,
2009) and collective action (Chun, 2014). Collective action is considered the most promising
solution for the sustainable management of common property resources (Gebremedhin,
Pender, & Tesfay, 2004; Ostrom, 1990).

1.1.6. Sedimentation in SSI

Sedimentation was pointed out as one of the main causes of underperformance and
abandonment of irrigation scheme. Excessive sedimentation in irrigation schemes can cause
clogging of the intake, filling the headworks and canals, and jamming of the sluice gates, which
in turn causes inequity and inadequacy in water supply (Fayisa Ertiro, 2017; Munir, 2011;
Theol, C. de Fraiture, & Surya, 2016). The management of sedimentation in irrigation schemes
requires a considerable budget and/or manpower to keep up the canals. However, problems
related to the accessibility of funds or labour often cause a considerable delay in
maintenance, and may ultimately lead to the abandoning of the schemes (Munir, 2011).
Therefore, the planned food security improvement may be under threat unless relevant
preventive measures are put in place.

1.2. Problem Statement

The continuing underperformance of irrigated agriculture in sub-Saharan Africa has set a
negative impact on the returns on investments in the irrigation sector. The failure and
underperformance of the irrigation systems undermine the region's ambition to obtain food
security despite the high prevalence of hunger and acute poverty. Irrigation expansion in sub-
Saharan Africa has experienced an endless loop, with new systems being constructed while
many of all the existing systems underperform. There are many reasons for irrigation scheme
underperformance, however, a primary factor causing underperformance and abandonment
is excessive sedimentation and inadequate maintenance (S. B. Awulachew & Ayana, 2011;
Gebul, 2021). Sedimentation causes several performance issues including conveyance
capacity reduction of up to 40% (Belaud & Paquier, 2001), inequity and inadequacy in water
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supply, and a large number of resources that have to be mobilized to maintain the canals.
Particularly in SSl it has proven difficult to mobilize sufficient funds and especially labour force

to perform proper maintenance. Considerable delays in maintenance may occur ultimately
leading to scheme abandonment in the face of excessive labour demands.

The mitigation measures for sediment management in small-scale irrigation that are in place
have not been effective for two reasons: First, previous policies were directed at minimizing
sedimentation either through measures aiming at upstream catchment conservation or
technical measures to deal with suspended sediments entering the scheme from the main
intake. Both sets of measures overlook the problem of in-season sedimentation caused by
livestock-irrigation interactions. Second, none of the past policies achieved effective forms of
user governance and participation, precipitating SSI scheme collapse and abandonment.

1.3. Research Objectives and Questions

The study aims to assess the causes and extent of sedimentation, unravel the livestock-
irrigation conundrum and understand the complexity of collective action in a multi-use
irrigation system and illustrate the key factors influencing farmers' willingness to maintain the
small-scale irrigation.

Specific objectives of this study are to:
1. Identify the causes and extent of sedimentation in four small-scale irrigation schemes.

Hence Research Question 1 is: What are the major causes of sedimentation during the
irrigation season?

2. Disentangle the livestock-irrigation conundrum, explore the various causes for
sedimentation and the challenges of coming up with effective solutions.

This translates into Research Question 2: What factors inhibit the emergence of effective and
sustainable collective action?

3. Show that Farmers’ Willingness to Maintain (FWM) better explains the sustained
operation of SSIs in Ethiopia than a singular, snapshot analysis using either Ostrom'’s eight
design principles or Coward’s hydraulic property relations framework.

Research Question 3 respond to this objective by wondering: when farmers give up on their
irrigation system that is subjected to heavy sedimentation? When do SSls collapse, and what
factors play a decisive role in that?

4. Provide policy recommendations to reduce sedimentation and improve the governance
and sustainability of irrigation systems in Ethiopia.

Hence the Research Question 4 is: What are the policy recommendations that could enhance
SSI sustainability?
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1.4. Conceptual Approach

1.4.1. Governance of Common Pool Resource (CPR) Research

The study used the "socio-technical" approach to the study of collective governance CPRs
(multi-use irrigation system) by using Ostrom's (1990) eight Design principles and Coward's
(1986) "property rights creation" theory to assess the schemes' performance on their
empirical validity After studying long-lasting user-governed common-pool resources (CPRs),
Elinor Ostrom developed her well-known design principles (DPs) (Ostrom, 1990). These DPs
have been widely used to evaluate the functionality of CPR institutions all over the world that
rely on various types of natural resources. She identified some significant common features
of these CPRs that characterized their governance system and contributed to their long-term
existence (robustness). Although the operational rules of these strong CPR institutions
differed, they all shared some characteristics that Ostrom categorized as the eight DPs.
(Ostrom, 1990) defines a DP as an important element or condition that contributes to
understanding institutions' success.

Table 1.1. Ostrom’ s Design Principles

Ostrom’ s design Operationalization

principles
Clearly  defined | Individuals or households who have rights to use the common resource
boundaries are clearly defined.

Congruence with
local conditions

Rules restricting the time, place, technology, and/or quantity of resource
are well adapted to local conditions.

Collective choice

Most individuals affected by rules can participate in modifying them

arrangements

Monitoring Monitors who actively audit CPR conditions and appropriate behavior
are accountable to the appropriators or are appropriators themselves

Graduated Users who violate operational rules are subject to graduated sanctions

sanctions (depending on the seriousness and context of the offense) by other

users, officials accountable to these appropriators, or both

Conflict- Appropriators and their officials have rapid access to low-cost local

resolution arenas to resolve conflicts among appropriators or between

mechanism appropriators and officials.

Minimal The rights of users to devise their own institutions are not challenged by

recognition of
rights to organize

external governmental authorities.
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Nested Appropriation, provision, monitoring, enforcement, conflict resolution,
enterprises and governance activities are organized in multiple layers of nested

enterprises

Coward (1986) hypothesized that in constructing irrigation infrastructure, farmers transform
and reinforce their social relationships and establish property relations. These so-called
'hydraulic property rights are essential for the sustained maintenance of irrigation
infrastructure.

The concept of (re)creation of hydraulic property can be used to explain the entire process of
acquiring and negotiating water rights. The first step in acquiring water rights, according to
Coward (1986), is to invest in irrigation infrastructure. The structures and the water that flows
through them will be regarded as belonging to the farmers who invested in their construction.
Other users who want to use the water may be given several options by the owners of the
hydraulic property, including they can either pay the "owners" a fee for the water they use,
or in some cases, buy a share and become co-owners. This share could be provided through
in-kind or cash investments. Because the process of obtaining water rights is ongoing, water
rights are constantly recreated and redefined often annual water right can only be
reproduced through a proportional contribution to collect maintenance activities. Ownership
and responsibility for irrigation work are thus inextricably linked. This means that clear
concepts of ownership will be central to good Operation and Maintenance practices. External
intervention in an irrigation system, whether new or existing (modernizing or expanding),
might have a number of consequences for the development of hydraulic property relations,
sometimes leading to their extinction or redefinition. This in turn often negatively affects the
collective action around their maintenance.

The study used these theoretical frameworks to analyse the sustainability or collapse of
collective action for the multi-use irrigation systems that are subjected to contextual rather
than generic principles. The study actively participates in a socio-technical approach that
focuses on how water, technology, and social actors who use and manage SSIs interact. To
determine the tipping point beyond which farmers decide to quit maintaining their system at
the individual and collective level, it is critical to gather information on the factors impacting
farmers' collective willingness to maintain.

1.5. Methodology

The empirical work for this PhD can be divided into three stages. The first phase was used to
review literature and write the proposal, while the second and third phases were used to
collect primary data in four small-scale irrigation schemes. | conducted a literature review on
the sedimentation problem in irrigation schemes and potential mitigation measures during
the first phase (December 2017-June 2018). This laid the groundwork for understanding the
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scope of the sedimentation problem and its impact on irrigation system sustainability, as well
as the peculiarities of small-scale irrigation. Due to the scarcity of available online information
about schemes, | visited 22 small-scale irrigation schemes in close proximity to Addis Abeba,
Ethiopia, during a second phase (June to October 2018). Based on site selection criteria such
as proximity, accessibility, sedimentation level (light versus heavy), and functionality
(functional versus abandoned), | chose four small-scale irrigation schemes (Figure 1.1). During
the second phase, | collected qualitative data from all four schemes through semi-structured
in-depth interviews, focus group discussions, and field observation. | measured the
accumulated sediment before the start of the irrigation season in the canal for lightly and
heavily sedimented schemes using a staff-rod with a flat sheet at the bottom of the rod to
measure the depth of accumulated sediment and depth of both lined and unlined canals. The
canal profile was created by measuring the canal's width and length with a measuring tape.
Using the volume equation, the volume of the accumulated sediment is then calculated.

During the third phase (in 2019), Sediment inflow was measured in the Ejersa (heavily
sedimented) scheme during one irrigation season from October 2019 to February 2020,
starting when the irrigation season resumed after conclusion of the rainy season. These
measurements considered changes in discharge caused by inflow or outflow from the canal,
control structure operation, changes in canal geometry along its length, changes in roughness
when the canal's surface material changed, and changes in bed level. Within the 1.85 km
length of the main canal from the intake, eight data collection points were marked. At each
section, all required data (water flow, cross-section, sediment concentration sample, top and
bottom bed level, water depth) were measured once a week. A DH-48 depth-integrating
sampler was used to collect water samples at the eight marked points, and a digital current
meter was used to measure velocity. Using a measuring tape, the canal cross-section and
water depth were determined. | used pre-weighed glass fiber filters (Whatman GF/C) to
determine suspended sediment concentration. After filtering a one-liter volume, the filters
are dried and weighed to determine the suspended sediment concentration. To determine
the particle size distribution, the pipette laboratory analysis method was used.

As a general methodological approach, we used a “follow the water” approach to identify the
water users and their networks, to map all relevant infrastructure and institutions. Following
the livestock was also used to track the owners of livestock, irrigation users, and grazing areas.
Mapping, open-ended and semi-structured in-depth interviews, field observations, and focus
group discussions were all part of the fieldwork period. Snowball sampling was used to
identify key informants from the top, middle, and bottom of the user pyramid. In phases two
and three of the research, | interviewed 75 people: 18 women and 45 men from the four
schemes' head, tail, and middle-reach users, including Water User Association and Livestock
Farmers committee members, five irrigation development agents, four government officials,
and three engineers (The interviewees varying in age from 14 to 79 years).
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The number of interviewees was increased until the collected information reached a point
where no new insights could be gleaned beyond those already expressed (Glaser and Strauss,
2017; Bernard and Bernard, 2013). Following that, nine focus-group discussions with 6-8
members in each of the four schemes were held. Field observations and semi-structured
interviews with older farmers', WUA committee members, irrigation users, livestock farmers
(LF), selected professionals, and responsible government officials provided first-hand
information on the irrigation schemes' operation and maintenance practices, as well as the
irrigation schemes' interaction with livestock and livestock farmers. To stay focused on my
research puzzles, | kept day-reports of each day, noting interviews, film and observations,
meetings, and any remaining questions that | could bring with me the next day. Interviews
were triangulated by comparing them to field observations. Birhanu Angea, a translator,
assisted me in translating interviews from Afaan Oromo to Amharic, and | translated from
Ambharic to English. In addition to translating, he provided feedback on my observations and
interpretations, and we discussed the operation of the irrigation system to understand the
details. Secondary data was gathered from the district and a regional office that had a stake
in the respective schemes. After reading each transcription line by line, the qualitative data
analysis was carried out. Field notes and observations helped triangulate findings and
interpret results.

1.6. Study Area Description

Four small scale irrigation schemes have been included in the study:

» The Ejersa small-scale irrigation scheme was modernized with government assistance, but
it is now a heavily sedimented scheme that serves two kebeles (the lowest administrative
unit in the country), Dembeleketa and Bedesa Koricha. It is situated 114 kilo meters from
Addis Ababa along the highway to Jimma, at an elevation of 2120 meters above mean sea
level, with 96 hectares of command area supplying water for 120 households.

» Boye-1 and 2 began as two separate traditional small-scale irrigation schemes that were
merged and modernized by the government without the consent of the irrigation users.
Improvements to the new main intake and the lining of the main canal were part of the
modernization. This scheme was chosen as an example of a lightly sedimented scheme. It is
located 110 kilometers from Addis Ababa, at an elevation of 2123 meters above mean sea
level. The current scheme is divided into two parts: Boye-1, which serves 56 households,
and Boye-2, which serves 65 households, irrigating a total command area of 56 hectares.

» Meri-Megari is a non-functional modern small-scale irrigation scheme that has been
abandoned. Sedimentation and excessive seepage loss along the canal were the primary
reasons for its abandonment. It is located 158 kilometers from Addis Ababa and has an
elevation of 1902 meters above mean sea level. Prior to its abandonment, it covered 200
hectares of command area supplying water to 234 households.
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» The Kulit traditional small-scale irrigation scheme is a new scheme that was established in
response to the abandonment of the Meri-Megari scheme. A traditional weir in Kulit was
built 5.3 kilometers downstream of the Meri-Megari abandoned scheme weir. It is Situated
at 151 kilometers from Addis Ababa, at an elevation of 1834 meters above mean sea level,
with 17 hectares of command area providing water for 29 households.

A

® MerkMegari Ss1
® Kulit Scheme
o Boye 82 scheme
® Ejersa SSI Scheme
South West-Shoa zone
[ oromia Region
A Ethiopia

(] 400 800 1,200 1,600 km
]

Figure 1.1 Location of the study area with the three case-study irrigation schemes

1.7. Structure of the Thesis

The thesis is structured in Six parts, which will be outlined below.

Chapter 1: -Provides the background to this study and introduces the research objectives and
methodology.

Chapter 2: - Identifies the causes and extent of sedimentation in the four small-scale irrigation
schemes included in the study. It is argued that livestock-irrigation interactions are the main
sediment source during the irrigation season. Before the irrigation season (during the rainy
season) the bulk of sedimentation may originate from the upstream catchment through in-
flow and overland flow.

Chapter 3: -Builds on the findings of Chapter 2 by digging deeper into the phenomenon of
livestock-irrigation interaction. It investigates why sediment management mitigation
measures are ineffective by unravelling the intricate interactions between irrigators, livestock
farmers, and local governments. These interactions explain why technical approaches are
ineffective, but also why collective action to remedy its effects is difficult to achieve, as
demonstrated by three small-scale irrigation systems in Ethiopia.

Chapter 4: - Demonstrates that an empirically based concept, such as Farmers' Willingness to
Maintain (FWM), better explains the sustained operation of SSls in Ethiopia than a single,
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snapshot analysis based on either Ostrom's eight design principles or Coward's hydraulic
property relations framework. Rather, we studied the willingness to maintain in a process-
oriented manner to examine the sustenance or collapse of collective action subject to
contextual rather than generic principles. Obtaining information on the factors influencing
farmers' collective willingness to maintain is critical in determining the tipping point beyond
which farmers decide to quit maintaining their system on an individual and collective level.

Chapter 5: - Examines past policies, identifying the key reasons for their ineffectiveness in
addressing sedimentation in SSls. It summarizes key challenges related to the conundrum of
sedimentation in Ethiopian small-scale irrigation systems based on four case study schemes;
and provides policy recommendations to reduce sedimentation, improve governance, and
ensure the sustainability of Ethiopian irrigation systems.

Chapter 6: - Contains the synthesis and reflection of this study. It provides a brief overview of
the entire dissertation before providing summary answers to the research questions,
followed by a reflection on the methodology used and the research's scientific and societal
relevance. The positionality of the researcher and potential biases are discussed. The study's
limitations are followed by suggestions for future research.

13




‘s103e31LII Isnf jou s1osn o[dnnwr oyerodioour
0) Spaau uonMNsul s19s) (S) ¢SI9SN 0} POAJOAIP 9q 0} SPIAU
Aroedeo Supjewony (4) ‘poaordwr oq pInoys 20UBUISAOT
101em pue pue| ur uonedionted Jo [oA9T (g) {pessaippe 9q
pnoys diysioumo Jo sonssi () UONBIUSWIPIS UOSBIS-UL )
SuiSpoimousoe ‘(1) 9AJOAUI SUONEBPUIWILOAI Ad1jod A9

G 191dey)

UoISSNOSIP
dnoi3 snooj pue ‘smorarojur
yydop-ur pormonns
-TWAS ‘MITADI dINJBINIT

woIsAs uone3LuI oy} Jo

MO[ Sursned s10}0e} Ao

juowIuOpUBqe pue oouerwLIoIod

<1 oy o1 20UBUIOAOS 9ADIYYS PUB
JuowdSBUBW JUSWIPAS JANOIJJO
sojowoid jey Korjod jo doe] oy,

Ayiqeurelsns [SS

<_| ©eoueque pnoo yey)

SUOIIEPUSITIOA]
Korjod oy a1 1Ry

'SISS
Jo juowuopueqe 10 jutod Jurddn e Sururejdxo siojoey urew
oy} o1e peo| uonejudWIPas ‘Ajjiqedes [euoneziue3io ‘oinjrej
uononnsuod pue uisap ‘Aouspuadop uoneduur jey) pasodoxd
st 3] sordound owouded uey) IoyeI [BNIXAIUOD 03 Jo3[qns
ST Je1]) WISAS oy} Jo asde[[0o 1o douruIRISNS ) Ure[dxd AJny
K100y} JH S,pIemo)) Iou sdd S,wonsQ Ioyou jey) songry

¥ 11deyn

uorssnosip dnoi3
SNO0J PUE ‘SMOTAIIUT
yidop-ur panjonns
-TWIAS “MOTADI QINJBIN

< ,SJawuey Bupuanjyul sio3oey

jutod Buiddiy ayy Ajuspi
03 juepoduwi S| ulejulew
03 ssaubul||IM 9AI309]|0D

uo uonewJojul buiuierqo

¢3eyl Ul 9|0J DAISIDIp
e Ae|d siojoe) jeym pue
‘asde||0d SISS Op U3YM

‘pIemio} Jy31ex)s jou SI uoroe
QAIDQ[[0D Os[e Ing ‘DAnd9)jour ore soyoeoxdde [eoruyoo)
Aym surejdxo UOIOBISIUI QU] ‘UOIOE JANIJ[[0D B SIOpUIy
jey) SI0JOBJ OU} JO QUO SI JUSWIUIOAOS [BOO] puB SIOULIEJ
JNO0ISOAI]  ‘SI0JBTLLI  U99MIO9q uonoerjul  xo[dwioo oyl

¢ wdeyn

uorssnosip dnoi3
SNO0J PUB ‘SMOIIAIIUL
pdop-ur painjonns
-twas ‘yoeordde
121eM 1) MO[[OJ
‘MOTADI 2INJRINI]

‘SuOnN[0S 9ANYJO YPim dn Furwoo
JO soSud[[eyo oY) PuL UOIJBIUSWIPIS
10J sosned snotrea o) uriojdxo

<—{  ‘WNIPUNUOd UONEILII-YO0ISIAT]

o) 9[SuLIUSSIP O} WL dIM
‘OSNEd JUSWIPAS Y} SB POIOAOISIP ST
UOTORIOUI UOTJESILIT-YO0ISOAT] AU I,

Juonoe
OAT}OQ[[00 J[qeuTe)SNS pue
OATOQJJO  JO  ooudSIowd
Sy Jqlyur sIopoej Jeym

MO[J PUB[IOAO PUB MO[J-UI YSNOIY) JUSWIYIJLD
weansdn oy wogy 9jeuISLo Aew UONBIUSWIPIS JO [Nq 9y}
uoseas Aurel 9y} 910Jog "UOSBIS UONESLLI Oy} SuLinp 92IN0S
JUSWIIPAS UleW Oy} dJe SUONOBIUI UONESLLI-}J0)ISOAIT

7 @™dey)

sindinQ pue 3nsay

jusuwrdInseawW JuUaWIPas
MOJJUI pue pajenuundde

2 puE UOISSNISIP

dnoi3 snooj ‘smararoiul
yidop ur painjonys
-IUWAS ‘MITAI SINJBINI]

sasneo
o3 SurpreSox suondwnsse
<~ SNOJUOLId 0} ONP JANOJJoUl
Uu99q 9ALY UONBIUSWIPIS
Jsurede saInseawl uone3nIw

{UOSBOS
uone3 LI oY) JuLmnp
UONBIUSWIPIS JO SOSNEd
Jofew oy} a1e JeyA\

SPOYIOIN

UOT)BATION

uonsanQ) Yoreosay

VIdOIH.LA
‘VOHS LSAM-HLNOS WO SAIANLS ASVD 4104 :NOSVAS NOLLVOTHYI dH.L ONINNA NOLLV.INANWIAES 404 ADUNOS AT V SV ‘SNOLLDVIALNI ANAHIS NOLLVOIIHI ATVOS-TIVIAS ANV JMDOLSIAI'T




Introduction

15






CHAPTER 2.

Livestock and Small-Scale Irrigation Scheme Interactions; As a
Key Source for Sedimentation during the Irrigation Season: four
case studies from South-West Shoa, Ethiopia

This chapter is based on:
Dessalegn H.T., Bolding A., Fraiture, C.d., and Ayana, M. (2021)

Livestock and Small-Scale Irrigation Scheme Interactions; As a Key Source for

Sedimentation during the Irrigation Season: four case studies from South-West Shoa,
Ethiopia.
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2. Livestock and Small-Scale Irrigation Scheme Interactions; As a Key Source
for Sedimentation during the Irrigation Season: four case studies from
South-West Shoa, Ethiopia

Abstract: Small-scale irrigation (SSI) development can play a major role in Ethiopia’s economic
development, but sedimentation is a major threat to its sustainability. The focus of the
dominant discourse around the sedimentation of SSI schemes lies in upstream catchment
protection during the rainy season, neglecting both protection against erosion through
overland flow along the margins of the canal network and sedimentation caused by livestock
disturbances. Remedies against the latter causes of sedimentation during the irrigation season
have been ineffective due to erroneous assumptions regarding its cause. This study aimed to
identify the sources and extent of sedimentation in SSI schemes. The accumulated sediment
in the canal pre-irrigation season was measured from four SSI schemes and suspended
sediment samples during irrigation season were collected from one SSI scheme. The
accumulated sediment in the canal pre-irrigation season was measured from four SSI and
suspended sediment samples during irrigation season were collected from one SSI scheme.
The extent of sedimentation in the canals during the pre-irrigation season in relation to canal
capacity was 100% of lined and unlined canals in abandoned, 68% in a lined, and 84% unlined
canals in heavily sedimented and 38% in a lined and 46% of unlined canals lightly sedimented
schemes. Livestock interactions with the SSI schemes were found to be the major sediment
source before and during the irrigation, hence, attention should be given to integrating
livestock as a part of the system.

Keywords: small-scale irrigation scheme; sedimentation; livestock access; sediment cause
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2.1. Introduction

Irrigation development plays a major role in Ethiopia’s economic development program
(Makombe et al., 2011). Investment in irrigation infrastructure and the maintenance of
irrigation schemes are key to improve agricultural productivity and fast-track economic
growth for practical poverty reduction (Hanjra & Gichuki, 2008). Irrigation schemes in
Ethiopia are classified based on the size of the command area, in three types (Makombe et
al., 2011). Namely, small-scale (< 200 hectares), Medium scale (200-3,000 hectares), and
large-scale irrigation systems (>3,000 hectares). Small-scale irrigation plans have been
identified as vital to ensure the food security of the nation because of their simplicity to

develop and operate, relatively small investment, and cheap operation and maintenance
(Lambisso Wamiso, 2008). Despite the huge ambitions, 80% of the proposed irrigation
development in Ethiopia falls within the small-scale irrigation category.

In Ethiopia, most irrigation schemes do not operate at full capacity and many of the schemes
failed to serve the purpose for which they are intended (S. B. Awulachew & Ayana, 2011;
Fayisa Ertiro, 2017; Lambisso Wamiso, 2008). In Oromia Regional State alone, 109 (18%) of
the modern irrigation schemes and 8,508 (13%) of the pump schemes were reported to be
inoperative or semi-functional in 2017 (Gurmu, Ritzema, de Fraiture, & Ayana, 2019). In the
Tigray region, most of the reservoirs, that feed the small-scale irrigation schemes, are filled
with sediment within less than 50% of their intended service time (Tamene, Park, Dikau, &
Vlek, 2006).

Improvement of this low performance is high on the policy agenda and the prime motivation
of the government to keep investing in the sector. The causes of underperformance and
abandonment of the schemes are often diverse and complex; one of the major constraints is
excessive sedimentation in the headworks and canal network and a lack of available funds and
skilled manpower for operation and maintenance(S. B. Awulachew & Ayana, 2011; Kidane &
Alemu, 2015). In a developing country like Ethiopia, rapid population growth, deforestation,
uncontrolled land use, and overgrazing have resulted in accelerated soil erosion (Gelagay &
Minale, 2016). Soil erosion and soil loss are the major challenges for sustainable irrigated
agricultural development.

Excessive sedimentation in irrigation schemes can cause clogging of the intake, filling the
headworks and canals, and jamming of the sluice gates, which in turn causes inequity and
inadequacy in water supply (Fayisa Ertiro, 2017; Munir, 2011; Shaimaa A. Theol). The
management of sedimentation in irrigation schemes requires a considerable budget and/or
manpower to keep up the canals. However, problems related to the accessibility of funds or
labour often cause a considerable delay in maintenance, and may ultimately lead to the
abandoning of the schemes (Munir, 2011). Therefore, the planned food security improvement
may be under threat unless relevant preventive measures are put in place.
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Most of the existing studies point at the erosion in the upper and middle river catchment as a
prime cause of sedimentation, whereby high sediment loads pass through the intake structure
of irrigation schemes, and accumulate in the (unlined) canal network, thus resulting in
excessive sedimentation (Dereje & Yusuf, 2015; Haregeweyn et al., 2017; Kassie, 2019;
Wolancho, 2012). Other studies have documented that the causes of sedimentation vary
according to different stakeholders’ perceptions (Gurmu et al., 2019) some ascribing
sedimentation to design problems, most of the engineers identifying erosion in the upstream
river catchment and a lack of appropriate technology and materials as prime causes, and
farmers seeing poor operation and maintenance as a major cause.

Some scholars argue that cattle accessing streams, grazing, and trampling of stream banks
cause an increase in erosion, destruction of in-stream banks, and changes to stream
morphology (Katrien Descheemaeker, Tilahun Amede, & Amare Haileslassie, 2010;
O’Callaghan et al., 2019; Wilson, 2007). Even though some studies point to livestock accessing
the grazing land on the canal bank as potential sediment sources, most literature focuses on
the causes of sedimentation during the rainy season. In Ethiopia, the sediment management
strategy, put in place in irrigation schemes, is ineffective because it considers only the
sediment source during the rainy season. It focuses on watershed management as a solution
whereas sedimentation during the rainy season is not the only cause. Identification of the main
cause of sedimentation year-round is the first step in determining effective solutions.
Therefore, this study aims to identify the causes and extent of sedimentation in four small-
scale irrigation schemes. It is argued that livestock-irrigation interactions are the main
sediment source before and during the irrigation season.

The paper consists of seven sections; the next section introduces different discourses of
sediment causes. Section three introduces the key features of the study areas. Section four
describes the study methods. Section five presents the results on the extent and origin of
sedimentation in the four study schemes while delving deeper into the dynamics of
sedimentation during one whole irrigation season in one case study scheme. Section six
assesses the importance of different causes for sedimentation, identifying livestock
interactions as the key in-season cause, and delving deeper into the drivers behind livestock-
irrigation interactions. The last section presents the overall conclusion and some policy
recommendations for tackling sedimentation during the irrigation season.

2.2. Discourses on the Causes of Sedimentation in SSls

There are two dominant discourses on the causes of sedimentation in small-scale irrigation
schemes: erosion in the upstream watershed and improper design of small-scale irrigation.
Many authors identify the upstream catchment erosion and the high rates of soil erosion and
land degradation in Ethiopia as major drivers of sedimentation in irrigation systems. An
estimated 25% of the highland area is affected by large volumes of soil eroded annually. Soil
erosion and soil loss are major challenges for sustainable agricultural development in the
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Ethiopian highlands. Inappropriate agricultural practices, high population pressure from
humans and livestock, high rainfall intensity, and rugged topography have been reported as
the main facilitators of severe erosion and sedimentation (Kidane & Alemu, 2015). Erosion in
the upper and middle catchment is the main source of sedimentation during the rainy season
(Wolancho, 2012). The sediment-laden river water that comes from the upstream eroded
catchment is one of the sediment sources in irrigation systems(Dereje & Yusuf, 2015).
Deforestation also contributes to upstream soil erosion and watershed management is the
fundamental step to reduce sedimentation (Tamene et al., 2006).

The second discourse around causes of sediment problems in irrigation highlight poor design
of small scale irrigation schemes without considering adequate baseline data (Tolera;
Wolancho, 2012) faulty design; the location of the intake; mild longitudinal slopes; poor layout
of the main canal; and poor operation and maintenance (Gurmu et al., 2019). One of the
causes of sedimentation is the erosion of the unlined canals due to the erosive potential of
the irrigation water coming from the main canal. (Dereje & Yusuf, 2015). This discourse implies
that proper design of the infrastructure and better operation and maintenance is needed to
reduce the sedimentation.

The two domain discourses are propagated by different professional groups, namely policy
makes and engineers. Considering the ineffectiveness of the proposed sediment management
solutions and the vital role of the mitigation measures, a deeper understanding of the extent
and causes of the sedimentation is warranted. Therefore, we researched four small-scale
irrigation schemes in different settings and with variables rates of sedimentation. Based on
this deeper understanding, we will propose a third discourse that accords a prime role to
livestock—SSl interactions, thus allowing us to recommend more effective measures to control
and mitigate the problem of sedimentation in SSI schemes in our concluding section.

2.3. Description of the Study Areas

2.3.1. Selection of Case Study Schemes

This study was conducted in the Southwest Shoa zone of Oromia, Waliso, and Ameya districts,
which are located between 110 - 158 km from the capital city of Ethiopia, Addis Ababa, along
the main road to Jimma. Four small-scale irrigation schemes were purposively selected (Figure
2.1) based on three sets of criteria. Firstly, all schemes have to meet the criteria of proximity
and accessibility. Secondly, a variety in the degree of sedimentation varying from light to heavy
sediment loads was required, whereby the Boye-1 and 2 merged scheme represents the lightly
sedimented category and Ejersa small scale irrigation scheme the heavily sedimented
category. Thirdly, this study probed what happens when a scheme gets abandoned due to
sedimentation, including both an abandoned scheme (Meri-Megari) and a new scheme that
was started in response to abandonment (Kulit) in the same location. Hence, four schemes
were selected of which three functional schemes and one non-functional scheme.
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® Meri-Megari abandonded scheme
© Kulit traditional scheme.
© Ejersa scheme

Figure 2.1. Location of the study area with the Four Case-Study Irrigation Schemes. Source:
Hanan Tadele, 2021.

Main Canal

600 1200 1800 2400 m
1

Figure 2.1.A, Ejersa Small-Scale Irrigation Scheme. Source: Hanan Tadele 2021.
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Figure 2.1. B, Boye 1 and 2 Merged Small-Scale Irrigation Schemes. Source: Hanan Tadele, 2021
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Figure 2.1. C Meri-Megari scheme and Kulit traditional small-scale irrigation scheme.
Source: Hanan Tadele 2021.

2.3.2. Background Information of Each Study Scheme

In Ethiopia, small-scale irrigation schemes are divided into different categories based on the
establishment, management, and nature of the structure. Traditional irrigation schemes
usually use temporary diversion arrangements or barriers made from local material which
need annual maintenance. The canals are usually earthen, and the schemes are managed by
the community. Modern schemes are irrigation systems with more permanent diversion weirs
made from concrete that don’t require annual re-construction. They are mostly community-
managed, and the primary and secondary channels are made of concrete. Modernized
schemes are traditional schemes that were upgraded after some time with more permanent
diversion and concrete canals (Haile & Kasa, 2015).

Ejersa small-scale irrigation scheme was modernized with the support of the Government but
is now a heavily sedimented scheme that serves two kebeles (the lowest administrative unit
in the country), Dembeleketa and Bedesa Koricha. It is located 114 km from Addis Ababa along
the highway to Jimma at an average elevation of 2120 meters above mean sea level, covering
96 hectares of command area, providing water for 120 households (Table 2.1)
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Boye-1 and 2 started operation as two separate traditional small-scale irrigation schemes
which were merged and modernized by the government without the irrigation users’
consent. The modernization entailed improvements to the new main intake and the lining of
the main canal. This scheme was selected as representative of lightly sedimented schemes.
It is located 110 km from Addis Ababa, at an average elevation of 2123 meters above mean
sea level. The present scheme comprises two parts: Boye-1 providing water to 56 households
and Boye-2 providing water to 65 households, irrigating a total command area of 56 hectares.

Meri-Megari was a modern small-scale irrigation scheme that is non-functional (abandoned).
The main causes of its abandonment are sedimentation and excessive seepage loss along the
canal. Itis located at 158 km from Addis Ababa, at an average elevation of 1902 meters above
mean sea level. It had comprised 200 hectares of command area providing water for 234
households.

Kulit traditional small-scale irrigation scheme was selected as a scheme that was initiated and
constructed by the same farmers who were previously using the Meri-Megari modern
scheme until its abandonment. The traditional weir in Kulit was constructed at 5.3 km
downstream from the Meri-Megari abandoned scheme weir. It is located 151 km from Addis
Ababa, at an average elevation of 1834 meters above mean sea level, and comprising 17
hectares of command area providing water for 29 households.

2.3.3. Climate and Weather Condition of the Study Areas

All selected schemes are situated in the mid-highland (Woyna-Dega) agro-ecological zone. Its
rainfall pattern is of the unimodal type in which one main rainy season occurs during summer,
which lasts from June to August. The mean annual rainfall of the area ranges from 1208 to
1270 mm (design document, unpublished). The average temperature of the study area
undulates between 26.7 in summer and 10.3 °C in winter.

2.4. Materials and Methods

2.4.1. Methods of Data Collection.

As a general methodological approach, we used a “follow the water” approach to identify
and map the water users and their networks, to map all relevant infrastructure and
institutions, along with a “follow the livestock” approach to assess the uses of livestock, the
grazing areas around the schemes, track livestock owners, and analyze the problem of the
livestock—irrigation interaction. We selected the participants for a qualitative interview using
a purposive and snowball sampling technique to identify the key informants from the head,
middle, and tail-end users who represent the range of variation expected in the water user
population. The fieldwork was conducted during two periods: from June to October 2018 and
from September 2019 to February 2020. We conducted open-ended and semi-structured in-
depth interviews with older farmers, Water User Association (WUA) committee members,
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irrigation users, livestock farmers (LF), selected professionals, and relevant government
officials. The number of interviewees was expanded until the collected information reached
a certain saturation level, when no new insights could be collected beyond those that had
already been expressed (Bernard & Bernard, 2013; Glaser & Strauss, 2017). Field observations
provided first- hand information on the irrigation schemes’ operation and maintenance
practices and the schemes’ interaction with the livestock and the livestock farmers. We
gathered secondary data from the district and a regional office that have had a stake in the
respective schemes, and we conducted nine focus group discussions on the topic with six to

eight participants in each session.

We interviewed about 75 persons: 18 women, and 45 men from the head, tail, and middle-
reach users of the four schemes, including WUA and LF committee members, five irrigation
development agents, four government officials, and three engineers (the interviewees
varying in age from 14 to 79 years).

Snowball sampling was used to identify the key informants from the head, middle, and tail-
end users, and the open-ended semi-structured in-depth interviews were continued until the
collected information reached the saturation level followed by nine focus-group discussions
with 6-8 members in all four schemes.

2.4.2. Accumulated Sediment and Sediment Inflow Data Collection

The accumulated sediment in the canals before the beginning of the irrigation season was
measured in the Boye 1 and 2 and Ejersa schemes for one season by using a staff rod with a
flat sheet at the bottom of the rod to measure the depth of accumulated sediment and depth
of both lined and unlined canals. The bottom flat sheet helped to prevent the staff rod from
penetrating the surface of the unlined canal. Since the deposited sediment in the canal were
non-uniformly distributed, we measured the accumulated depth in three places (left, right,
and middle of the canal) in all data collection points and we took the average value. The canal
profile was established by using a measuring tape to determine the width and length of the
canal. The volume of the accumulated sediment is then calculated by applying the volume
equation:

Vrc = Lx W x Dacc (1)
Vrc= Volume of accumulated sediment in rectangular canal (m3)
L= Length of the canal that covered my accumulated sediment (m)
W= Width of the canal (m)
Dacc= Accumulated sediment depth (m)

For unlined trapezoidal canal

Vtc = L * (B + zDacc)Dacc, (2)
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Vtc= Volume of accumulated sediment in trapezoidal canal (m?)
L= Length of the canal that covered my accumulated sediment (m)
B= m width of the trapezoidal canal (m)

D= Accumulated sediment depth (m)

z=side slope of trapezoidal canal

To calculate the canal capacity in Volume.

Vee=LxWxDc, (3)

Vce= Canal capacity in volume (m3)
L= Canal Length (m)
W= Canal Width (m)
Dc= Canal Depth (m)

The volume of accumulated sediment in the canal

Percentage of sediment accumulation = * 100, (4)

Canal capacity in volume

2.4.3. Sediment in Flow Measurement

Sediment inflow was measured in the Ejersa scheme during one irrigation season from
September2019 to February 2020. These measurements considered the changes in discharge
because of inflow in or outflow from the canal, operation of the control structure, changes in
canal geometry along its length, changes in roughness when there is a different surface
material of the canal, and changes in bed level. Eight data collection points were marked
within the 1.85 km length of the main canal from the intake. All required data (water flow,
cross-section, sediment concentration sample, top, and bottom bed level, water depth) were
measured at each section once a week. Inflow sediment was measured at the eight marked
points by using a DH-48 depth-integrating sampler. Depth integrated suspended sediment
sampling is carried out at one vertical point most closely representing the centroid of flow for
that canal width. We took three samples from each station at a time. All samples were
composited into a single container which was then agitated, sub-sampled, and analyzed for
suspended sediment concentration (Bartram, Ballance, World Health, & United Nations
Environment, 1996), and velocity was measured by using a digital current meter. The canal
cross-section and water depth were established using a measuring tape. To determine
suspended sediment concentration, we used pre-weighed glass fiber filters (Whatman GF/C).
After filtration of a certain volume, the filters are dried and weighed to obtain the suspended
sediment concentration. Results and Discussion; Extent and origins of sedimentation in the
study schemes.



Livestock and Small-Scale Irrigation Scheme Interactions; As a Key Source for Sedimentation

2.5. Results And Discussion

Below we first present data pertaining to the extent that the four study schemes have been
affected by sedimentation (2.5.1); next we identify the origin of this sediment (2.5.2); we
describe the livestock-irrigation scheme interaction as a sediment source (2.5.3) and finally
we describe the suspended sediment inflow for the Ejersa irrigation scheme during the 2019-
20 irrigation season (2.5.4).

2.5.1. The Extent of Sedimentation in All Four SSI Schemes

In the abandoned Meri-Megari scheme, the construction took place between 2001/2001 and
2005/2006, initially with initially the full potential of irrigating 200 hectares. In the first 5
years, it went from irrigating 200 hectares to a significantly reduced area of 40 ha. It was
abandoned in 2016, having served only half of its designed lifetime of 20 years. The main
reasons for its abandonment were sediment deposition at the intake and canal networks, and
the high levels of seepage loss. In 2019, we observed and learned that the entire canal
capacity had been 100 percent filled with accumulated sediment. The irrigation water
reached the command area after traveling over nine kilometers through a mostly earthen
canal (only 0.5 kilometers is lined). It proved impossible for the scheme’s beneficiaries to
remove the accumulated sediments from the nine kilometers long canals each year. Another
complicating factor was formed by the submerged pipe close to the river intake of the
scheme. This pipe was prone to blockage by accumulated sediments and proved impossible
to clean.

Ejersa scheme comes in the second position regarding its vulnerability to sedimentation. It
suffers from a heavy sediment load. However, the Ejersa scheme users are well organized
with a strong water user committee capable of keeping the scheme functional. While the
scheme is irrigating its full command area, the amount of labor that is required to clean the
canals each season is considerable. About 68 percent of the lined canals and 84 percent of
the unlined canals were found filled with sedimentation in 2019 before the start of the
irrigation season (Figure 2). The farmers removed the accumulated sediment before the
beginning of the irrigation season in September. Moreover, the farmers clean the scheme
every month to keep it operating at full potential. The accumulated sediment load in the canal
network was observed to be heavier at the furthest point from the intake, showing a
tendency for suspended sediments to settle as current flow velocity dwindles.

29



Chapter 2

30

__ 120
g 100 100
©» 100
% 84
o
bt 80 68
<
-
£ 60
o
5
£ 40
el
& 20
hel
3
o 0
g meri-megari accumulated Ejersaaccumulated Sediment ~ Boye-1 and 2 accumulated
2 Sediment Volume (%) Volume (%) Sediment Volume (%)
<
schemes

M lined M Unlined

Figure 2.2 Percentage of accumulated sediment in the canal at the start of the irrigation
season in three schemes (source: own measurements, 2019)!

Kulit traditional scheme was constructed on the same river as the abandoned Meri-Megari
scheme. The sediment inflow in the canal is such that the irrigation beneficiaries have to clean
the canal network at least three times a year. The canal cleaning for the first irrigation season
of each year consumes up to a month of labor. Any subsequent cleaning for the other two
seasons takes up to 12 days. Some farmers use only two irrigation seasons a year by extending
the time that the plant stays on the field and some of the farmers use three irrigation seasons:
two seasons to plant different crops and one season to transplant seeds from 45-60 days for
the next season. The advantage of this scheme is that during summer when the diversion of
the scheme gets washed away the accumulated sediment inside the weir is removed without
entering the scheme’s canal network. However, the subsequent re-construction of the intake
weir at the end of the rainy season is not easy and cheap for the farmers. The re-construction
and sediment removal process at the start of the next irrigation season takes a month with
almost all 29 members participating.

The merged Boye-1 and 2 schemes were selected as a case study of a lightly sedimented
irrigation venture, whereby the sediment inflow through the intake was insignificant during
the irrigation season. However, the sediment accumulated still represented 38 percent of the
volume of the lined main canal and 46 percent of the unlined canal network before the start

1 The accumulated sediment in Meri-megari was observed after three years of abandonment. For kulit scheme | couldn’t
measure the accumulated sediment before irrigation season because of the challenges in the road of access (muddy road)
after rainy season.
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of the first irrigation season in 2019 (Figure 2.2). Furthermore, the farmers clean the canal
length three times a year to remove the sediment that accumulates in the canal network
during the irrigation season.

2.5.2. Sources of Sediment in All Study Schemes

In all study schemes, we assessed the sources of sedimentation. | measured the
accumulated sediments at the start of the irrigation season due to erosion from the upper

river catchment. The overland flow contribution during the rainy season, removed sediment
backflow from either side of the canal due to livestock interaction during irrigation season;
livestock grazing over the canal bank and drinking water from the canal during irrigation
season, and finally the livestock farmers’ contribution through trespassing inside and outside
the scheme.

The Overland Flow of Agricultural Land

Overland flow contribution on agricultural land during rainy season and erosion in the upper
catchment at the beginning of irrigation season was found to be the major sediment source
of the small-scale irrigation schemes (Wolancho, 2012 ). Overland flow in agricultural areas,
particularly land that is susceptible to erosion due to livestock trampling during the rainy
season, potentially contributes to sediment accumulation. Furthermore, overland flow is one
of the causes of the backflow of sediment from the sides of the irrigation canals where
removed sediment is deposited on the canal banks.

2.5.2.1. Erosion in The Upper Catchment

Upstream erosion is another sediment source caused by sediment-laden water from the
upper catchment entering the canal system through the intake structure at the beginning of
the irrigation season (Dereje & Yusuf, 2015). To reduce sediment entering through the intake
gate, irrigators delay the canal opening by 2-3 weeks, delaying the growing season (Gurmu et
al., 2019).

While these results confirm the existence of the sources of sedimentation that are frequently

highlighted in both the neo-Malthusian and technical discourses (as described in section 2),
in the next section we will highlight the importance of an often-overlooked third cause.
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2.5.3. Livestock-Irrigation Interaction as a Major Sediment Contributor During
the Irrigation Season

Before and during the irrigation seasons, livestock grazing and movements in and out of the
schemes Before and during the irrigation seasons, livestock grazing and movements in and
out of the schemes contribute to sediment in all four irrigation schemes. Livestock production
is the second most important economic activity in the area and a key means of livelihood for
many. The type and number of livestock holdings of the respondents vary across the study
areas from 0 to 33 heads per household and over 70 percent of the livestock are cattle.

The land that was used to construct the irrigation scheme and the remaining grazing land
was owned by livestock farmers (LFs). During Ejersa and Boye 1 & 2 schemes upgrading, they
made two agreements: one with the irrigators regarding the land that was going to be used
for canal construction with adequate compensation for the land and a second agreement
with government officials regarding measures in the scheme to facilitate the use for livestock
and livestock farmers (LFs). The government agreed to construct cattle-troughs in the canal
and a bridge to help the livestock and livestock farmers in exchange for their consent for the
construction. The agreed measures implicitly indicate that the livestock was expected to drink
from the canal. However, the government representative office did not honor the agreement
and the cattle troughs, and the bridge were not constructed. On top of that, during the
scheme modernization, the canal route changed its original path, and the canal depth was
shallower than in the traditional scheme. Consequently, the water overtops the canal and
creates a water stagnation on the grazing land. The livestock farmers were disappointed
because promises were not kept. However, the government officials who were in favor of the
scheme construction ignored the livestock farmers’ objections. In turn, the livestock farmers
felt threatened by the government officials who favored irrigation over livestock farming, and
they felt they were losing their property right over the water resource.

In the absence of troughs, livestock struggle to drink from the canal when the water level is
low. The livestock farmers see the absence of cattle troughs as a denial of water right for their
livestock, and they still have a lingering feeling that the land they have already given for the
irrigation scheme, belongs to them. Excluding the livestock from the irrigation scheme is
extremely difficult because the grazing lands are located along the irrigation canal. The
scheme neither has a clear boundary that forbids the livestock farmers to keep their livestock
away from the scheme nor a fence that prevents the livestock interaction with the irrigated
land.

In all study areas, grazing land is located along the irrigation canals, mostly on the riverbed
side. Irrigation water travels a long distance to reach the command area and along the
trajectory of the canals, in some cases on both sides of the canal, grazing areas are located,
accommodating hundreds of livestock. In most parts of the country, in peri-urban areas
drinking water for livestock was never considered in urban planning. Consequently, livestock
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is forced to drink canal water or water from the river (Sileshi, Tegegne, & Tsadik, 2003). In all
the studied irrigation schemes there are no cattle-troughs along the canal for the livestock to
drink in a safe, non-disturbing way and no water supply sources in case the river is low. The
absence of the troughs gives the livestock access everywhere along the canal length and as a
result, they push the sediment into the canal and destroy the canal bank (Figure 2.3b).
Uncontrolled access to the grazing land on the canal bank and cattle trampling all around the
scheme make the land more vulnerable to erosion and leads to an increase in sedimentation
(Wilson, 2007). The lack of dedicated safe access points for cattle aggravates the vulnerability
for erosion (Brits, Van Rooyen, & Van Rooyen, 2002, (P 54); K. Descheemaeker, T. Amede, &
A. Haileslassie, 2010, (P 581); O’ Sullivan, Huallachain, Antunes, Jennings, & Kelly-Quinn,
2019, (P 147)). By frequently crossing the irrigation canals (Figure 2.3a) cattle push deposited
sediment into the canal, they damage the canal banks and cause bank erosion that leads to
sedimentation in the canal (O' Sullivan, O hUallachdin, Antunes, Jennings, & Kelly-Quinn, 2019
(P 153)).

Figure 2.3 (a) Cattle grazing and crossing the canal  (b) Cattle drinking from the canal
(Source: Ejersa scheme pictures by Hanan Tadele, 2019)

A common practice among the livestock farmers is to put local material in the canal to block
and raise the water level for the livestock to drink safely. The herders who constructed the
blockage never remove the material once the cattle have had its fill, thus disturbing irrigation
water supply and, perhaps more importantly, creating local hubs for sediments to accumulate
(Figure 2.4 a and b).

33



Chapter 2

34

Figures 2.4a and 2.4b. Canals blocked by local material in Ejersa scheme (source; Pictures
by Hanan Tadele 2019)

Livestock are owned by three different groups of farmers: 1) livestock farmers who are
irrigators in several irrigation schemes; 2) livestock farmers who use the same irrigation
scheme and 3) trespassing livestock farmers who do not have land inside the irrigation
schemes but whose rainfed farmland is located along the grazing land. Even though some of
the livestock farmers are a user of the small-scale irrigation scheme, emerging conflicts over
damage caused by livestock are difficult to solve. Livestock farmers belong to different owner
groups with different needs and different levels of attachment to irrigated land. Moreover,
irrigators and livestock farmers are represented by two different institutions: the irrigation
water user association (WUA) and livestock farmers association (LFA), both working for the
benefit of their members without considering the damage that they cause to each other.
Lastly, boundary issues between the grazing land and the irrigation scheme territory are
unsettled. Without a defined boundary between these two communal resources, it remains
challenging for the institutions to solve it by themselves.

Livestock owners who gave up land for the construction of the scheme, but do not have
land inside the irrigation scheme, feel short-changed. They contributed to the scheme but
are excluded from benefits created by the irrigation scheme. They expressed their reluctance
of caring for the schemes, and they are not bothered by their contribution to scheme
sedimentation or canal bank destruction by livestock. They don’t feel ownership of the
scheme. Instead, they prefer to freely graze their livestock in all grazing areas. Furthermore,
they believe they have nothing to lose if the scheme is damaged. On the contrary, when the
system breaks down, they gain access to the entire grazing land and thus they seek to reduce
the risk of the livestock getting hurt trying to drink from the canal. In fact, they admitted that
they tried to damage the intake gate. However, they did not succeed so far but indicated that
they would continue trying to destroy it without being directly responsible to avoid the
consequences of destruction of government property. (LF focus group discussion in Ejersa,
Woliso, November 2019)
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A livestock farmer who also used the same irrigation schemes (Boye and Ejersa) stated in
an interview that they preferred not to speak about the problem, as they believed that the
problem is complicated for them to solve unless government officials get involved. One of
them believed that both parties, livestock farmers and the irrigators, were right because for
both groups it was a question of survival. Neither livestock nor crops survive without water,
and it is just a conflict of interest that may not be solved easily. Since no solution was in sight,
as a livestock owner and irrigation user they neither opposed the consequences of livestock-
irrigation interaction, nor did they support the irrigators' effort to limit the interaction. They

acquiesced in letting their cattle at the canal bank graze and drink the water, even though
they were aware that cattle contribute to sedimentation and canal bank damage. They were
willing to contribute the money and labor like other irrigators to maintain the scheme and let
their livestock graze as any LF does” (LFs interview, woliso, November 2019)

Both irrigators and livestock farmers have an association that was formed under the
acknowledgment of the district office. These two associations have not agreed on any form
of co-operation regarding communal resource use. The WUA admits that the LFs are the
owner of the grazing land and thus they have decision power over the use of grazing land that
includes the verge of irrigation scheme canal bank. However, the irrigators believe that they
should at least decide about the irrigation scheme usage, water supply, and any harm that
may affect the scheme. Yet, they are not in a position to do so due to the livestock drinking
water from canals, that has a negative impact on the irrigation water supply and distribution.
The WUA feels it has no means of controlling the situation.

Livestock farmers who do not benefit from the irrigation scheme emphasized that it has
been their grazing land: the irrigators are the ones who appropriated the grazing land and
created problems for the livestock and livestock farmers. If the scheme had not been
constructed, their livestock would have had safe access to drinking water. The existence of
clearly defined boundaries of resource systems is often mentioned as a crucial factor for
sustainable governance of local commons (Ostrom, 1990). Yet none of the small-scale
irrigation schemes in our study have rules and regulations that can be applied to all scheme
users, irrigators, livestock farmers, and trespassers. The Ejersa and boye 1&2 LFs demanded
that Their presence be acknowledged for them to be able to co-operate with irrigators and
contribute to the scheme’s sustainability. This can be achieved by constructing a cattle-trough
and a bridge. Meri-Megari LFs are using the irrigation canal as a grazing since it is abandoned
and filled with grass. Kulit scheme is a traditional scheme and they have not approached by
the government office for upgrading the system yet and the cattle drink the water without
cattle-through and sometimes by walking in the canal.

Because of the conflict of interest and the boundary issue of the communal resource, the
Water User Association (WUA) and Livestock Farmers Association (LFA) were unable to solve
their differences. Government officials claim they were unable to help since there is no
assigned specific body in the district office that deals with the issue related to boundaries. As
a result, damage caused by the livestock interactions with irrigation schemes continued.
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Nevertheless, since both associations (WUA and LFA) fall under the district irrigation
development office, they are formally responsible to smoothen the relationship between the
two groups to reduce the damage. Both WUA and LFA, have been raising their complaints,
yet the LFA still believed they were not important enough to warrant the district officers'
attention. This neglect slighted them and hardened their unwillingness to co-operate with
irrigators.

Complicating matters are the frequent changes in government policy and District office
structure: the mandate of those responsible for small-scale irrigation changes, while the
officers who have experience in the specific place are getting assigned to different locations
frequently. As a result, the district offices are facing a lack of skilled and experienced
manpower.

Gaining the trust from irrigators as well as livestock farmers takes a long time. The few
officers who did win those farmers' trust often got re-assigned, thus sustaining the
communication problem between the farmers and the district office. Moreover,
understaffing, missing documents due to the frequent change of the officers, shortage of
skilled manpower, a lack of coordination, and a low level of participation and consultation
with the schemes make the problem more challenging to handle for the district office.

2.5.4. Quantity of Sediment Deposition in Ejersa Scheme During the Irrigation
Season.

The Ejersa scheme is one of the schemes that faces challenge of sedimentation caused by
strong livestock disturbance due to livestock grazing along the canal bank. It causes a s
livestock disturbance due to livestock grazing along the canal bank. It causes a significant
sediment deposition in the canal during the irrigation season. In this scheme, 60 households
use the grazing land along the main canal. On average a household has about 11.93 livestock
with a standard deviation of 7.4 (Design-Document, 2013) per household involving mostly
cattle. On average, over 600 heads of livestock graze along the canal banks every day. They
cross the canals frequently pushing the sediment into the canal (Figure 2.3a).

Furthermore, lacking cattle-throughs along the irrigation canal, the canal is the only
means of drinking water supply for the livestock when the river is low (Figure 3b). The
livestock farmers put blocking barriers consisting of local material inside the canal to raise the
water level for the livestock to drink safely. The cattle-farmers raise the water level to 163 %
by adding those materials (Figure 2.4 a and b).

The sediment inflow to Ejersa irrigation scheme was measured weekly at 8 points along
the 1.85 km of lined main intake canal. The sediment inflow level varies from one data
collection point to another. Figure 2.5 shows a variation in sediment concentration across the
data collection stations; the maximum and minimum sediment concentrations were found in
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different stations due to livestock disturbances. The minimum sediment inflow per cubic
meter per second was observed in the fourth station for the first four weeks followed by
station two

from week four to week eight and from week 8-16, the minimum sediment inflow was
observed at the first station or the intake.

Sediment inflow at the data collection points
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Figure 2.5. Sediment inflow per two weeks at data collection points (from intake (point 1)
to most downstream along the main canal (point 8))

However, the maximum Sedimentation inflow per cubic metre per second was observed
at the seventh station for the first 6 weeks, followed by station six for the first four weeks.
Higher sediment inflow was measured at the point downstream of the livestock grazing and
drinking point during the disturbance compared with the upstream of the access point (O'
Sullivan et al., 2019 ). The livestock disturbance was primarily observed at a certain distance
from the intake. In some cases, the disturbance occurred at the weir of the scheme: the
livestock re-suspends the deposited sediment while drinking the water or crossing the grazing
area through the weir. Other times swimming kids at the weir intake re-suspend the sediment
and then relatively higher concentrations are found at the intake than other consecutive data
collection points.

The trend of Figure 2.6 shows that during the irrigation season, sediment inflow rate per
cubic meter increases from the intake to the furthest point and sediment concentration spike
was found at the place where there was a disturbance. Moreover, the inconsistency in peaks
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demonstrates that rather than sediments originating from upstream catchment erosion,
disturbances caused by livestock and swimming kids explain the values at any point along the
canal, during the irrigation season. Moreover, it also shows a reduction in sediment
concentration over time. The possible reasons might be, the quantity of water that arrives at
the Ejersa scheme reduces significantly since the Ejersa scheme is the fifth scheme that is
constructed on the same river, as a result, the sediment concentration that is carried by the
water would be less. Discharge and sediment concentration show a direct correlation. The
other possible reason is that the kids who swim at the intake and resuspend the sediment at
some point stop swimming because the water level at the intake is too low to swim in it. As
a result, the disturbance would be less and thus sediment concentration in the canal was
reduced.
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Figure 2.6. Sediment inflow trend lines per 2 weeks at data collection points (from intake
(point 1) to most downstream along the main canal (point 8)).

2.6. Conclusion and Recommendations

Since the discourse around sedimentation of SSls is based on erroneous assumptions
regarding its cause, it is unsurprising that the remedies that have been tried in the past proved
ineffective. The focus of the dominant discourse lies on upstream catchment protection,
neglecting both protection against erosion through overland flow along the margins of the
canal network and sedimentation caused by livestock drinking from the canals and through
disturbances caused by livestock grazing and trespassing. Hence remedies that have been
advocated in the past, like the design and construction of silt traps at the start of the main
canal and conservation measures in the upstream river catchment, will not be sufficient to
deal with on-going sedimentation during the irrigation season.
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One of the issues that the schemes are facing as a livestock-scheme interaction is a
boundary issue between the grazing area and the SSIs margin of the canal network. It is a
complicated matter, especially since there is no specific government body at the small-scale
irrigation level that can solve the boundary-related problems. Lacking an easy solution, the
problem of sedimentation and damage of SSls infrastructure caused by livestock interaction
during the irrigation season has been sustained. Livestock irrigation interaction contributes
to sedimentation and canal bank damage. It also affects the water supply since the livestock
is a considerable water consumer, while upstream users also withdraw water for domestic

use.

To promote sustainable management of small-scale irrigation infrastructure and improve
irrigation water supply; the government has a rule that a water committee must be
established before construction of water infrastructure. However, so far this involves
irrigators only. It is suggested that involving livestock farmers in the water user committee or
creating WUA committees that comprise at least two sub-committees, livestock farmers and
irrigators from the beginning of the scheme design and construction, might help to resolve
some of the conflicts related to the livestock-irrigation conundrum. Being represented would
give livestock farmers a sense of ownership and involvement that might commit them
towards resolving the negative impact of livestock-irrigation interactions. Joint rule making
by irrigators and livestock owners concerning use of grazing land, use of canals for drinking
and movements of livestock across canal infrastructure may help to mitigate the
sedimentation as a result of livestock interactions.

Boundary policy efforts that seek to integrate both livestock and irrigation farming
systems will be necessary to achieve improvements. This calls for a new institutional
approach on the part of government agencies, abolishing established ‘silo” structures to
facilitate integration of livestock and irrigated production. Improving the sediment
management strategy can make an important contribution to increasing overall agricultural
water productivity and improve the performances of SSls that are believed essential to
sustainably meeting future human food security needs and reducing poverty.
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3. Livestock-Irrigation Interaction and Its Influence on the Sustainability of
Small-Scale Irrigation Schemes in Ethiopia

Abstract

Small-scale irrigation (SSI) plays a big role in rural livelihoods and the economy in Ethiopia.
Despite considerable investments, overall SSI performance is disappointingly poor.
Sedimentation of canals and intakes leads to low performance and abandonment of systems.
Roaming livestock in the command area and around riverbanks is an important contributor
to sedimentation. Commonly proposed solutions, including technocratic fixes, institutional
arrangements between irrigators and livestock farmers; and collective action by irrigators has
not yielded satisfactory results. Based on three case studies from Ethiopia, we illustrate why
existing solutions are not effective and why the collective action is not straightforward. Using
in-depth interviews and focus-group discussions, we examine the complex intertwined
relationships between irrigators, livestock farmers, and local government. Without
understanding the interrelationship and accounting for the links between irrigation and
livestock in the design and governance structures of SSI, the proposed technical and
organizational fixes are not likely to be successful. Addressing the conflicting interests and
building consensus and trust among irrigators and livestock farmers are prerequisites for
solving SSI performance concerns of many Ethiopian SSI.

Keywords; livestock, Small-scale Irrigation, Sedimentation, Water User Association, grazing
management, Ethiopia.
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3.1. Introduction

Small-scale irrigation is of utmost importance for the rural economy and farmers' livelihoods
in Ethiopia. Therefore, the government is investing considerably in the expansion of irrigation.
However, small and medium scale irrigation schemes in Ethiopia are underperforming as
compared to their designed capacity, and some of them are dysfunctional (S. B. Awulachew
& Ayana, 2011). The causes of underperformance and abandonment of the schemes are
diverse and complex. One of the major constraints is excessive sedimentation in the
headworks and canal network and a lack of funds and labour for operation and maintenance
(S. B. Awulachew & Ayana, 2011; Gebul, 2021).

Sedimentation is a big challenge, as it draws on a lot of labour for maintenance before the
start of and during the irrigation season. There are three frequently cited causes for
sedimentation, each pointing at different solution pathways. The first blames upstream
overpopulation and erosion and consequently argues for more catchment protection
programs (Wolancho, 2012). A second reason blames faulty design and lack of institutional
capacity by users at SSI scheme level and identifies technical solutions and institutional fixes
to organize users in irrigation schemes (Gurmu et al. 2022 and 2019). A third reason focuses
on the often overlooked cause of sedimentation during the irrigation season, namely
livestock-irrigation interaction (Dessalegn, Bolding, Fraiture, & Ayana, 2021). Neglecting the
irrigation-livestock interaction often renders other measures to reduce sediment ineffective.

In this paper we aim to unravel the livestock-irrigation conundrum. Using the example of
three small scale irrigation systems in Ethiopia we explore why the commonly proposed
solutions are ineffective by disentangling the complex interactions between irrigators,
livestock farmers and local government. These interactions explain why proposed technical
approaches are ineffective, but also why collective action is not straightforward.

To do so, we first review existing literature on irrigation-livestock interaction before
describing the case study area and study method. Next, we describe and analyse irrigation-
livestock interactions in the study schemes by looking into the extent of sedimentation caused
by livestock; various forms of collective action controlling livestock movements inside the
irrigation perimeter, along its margins and on grazing land; various owner groups of livestock
and their motives for interaction with the scheme; and finally, the difficulties of devising
effective strategies for institutional control over livestock interactions. In the concluding
section we present the major causes and challenges associated with sedimentation caused by
livestock-irrigation interactions and present various options to moderate the negative effects
of such interactions in the short and long run.
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3.2. Irrigation-livestock Interactions
3.2.1. Irrigation is Associated with Higher Livestock Densities

Widgren and Sutton (2004) in their book on islands of intensification in Africa, establish a
close link between places in Tanzania and Kenya where irrigated production emerged and the
routes of trading caravans from the Indian ocean to the hinterland. This link is not coincidental
but based on a mutually beneficial relationship between irrigating agriculturists and nomadic
traders (and pastoralists): pack animals (camels, oxen) required watering and stock-feed,
whereas irrigating agriculturalists were interested in manure and draught power. Irrigation
facilities provide access to water and fodder even during dry seasons and hence attract
livestock.

In Africa the highest animal densities are found in irrigation settings (Peden et al., 2006).
Cattle provides draught power for farming and transport (McMichael, Powles, Butler, & Uauy,
2007) and also manure, which produces benefits for both farms (fertilizer) and households
(fuel and building material). Further, livestock offers a vehicle for wealth accumulation and
buffer against income fluctuations.

The beneficial uses of livestock explain why irrigation is associated with high livestock
densities. However, higher livestock densities around irrigation also create pressures and
problematic effects.

3.2.2. Problems of Livestock-Irrigation Interactions

The problems caused by livestock in an irrigation setting relate to their needs: grazing and
water, which often involve movements from the homestead kraal to the place of
feeding/watering. Grazing, drinking and regularly moving about produce negative effects,
such as sedimentation from erosive, overgrazed pastureland; destruction and sedimentation
of irrigation infrastructure; and crop damage. The incisional and erosive forces of cattle
hooves, coupled with overgrazing, can reduce stream bank stability, and increase suspended
sediment and turbidity, which contributes to in-stream deposited sediment. The trampling
effect of cattle is prominent around watering points, where land degradation can be extreme
(Brits et al., 2002). Continuous and unrestricted grazing on a riparian margin leads to higher
bank erosion and the baring of soils can lead to stream bank deterioration, irrigation
infrastructure damage and sedimentation.

3.2.3. Commonly Proposed Solutions to Minimize Livestock-Irrigation Problems

Sedimentation problems due to livestock-irrigation interactions are not new. Already in the
colonial period the problem of roaming livestock in the then newly developed irrigation
systems in Rhodesia were recognized (Roder, 1965). Solutions were sought in state regulation
and top-down measures, such as grazing bans around canal banks and fields, enforced by
fencing; and reducing the cattle density according to carrying capacity (Ibid). Realizing that
destocking and culling of livestock would lead to strong resistance among the local
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population, other proposed approaches comprised a system of rotational grazing and
cultivating feed crops such as alfalfa or elephant grass in part of the irrigated area (Ibid).

These technocratic measures are still commonly proposed and implemented. Restricting
livestock access to water courses by providing cattle troughs and alternative water sources is
an effective way to minimize cattle movement (Wolancho, 2012) and reduce intrusion of
suspended sediment in the water body and associated effects on water quality (Madden,
Harrison, Finn, & Huallachain, 2019). Nevertheless, Line, Harman, Jennings, Thompson, and
Osmond (2000) found that provision of alternative drinking sources alone was ineffective.
Cattle exclusion from the grazing area and water course through fencing proved effective to
reduce bank erosion and suspended sediment in the UK (Collins et al., 2010) and the USA
(Carline and Walsh, 2007). However, fencing may be too costly in large irrigated areas in
developing countries (Pekor et al., 2019).

Zero grazing with cut-and-carry of grasses helps to exclude livestock and can significantly
relieve pressure on grazing land (Meul, Van Passel, Fremaut, & Haesaert, 2012). However, the
presence of communal grazing areas discourage zero grazing as farmers resort to free-riding
strategies (Gebreyohannes & Hailemariam, 2011). Most farmers reject zero grazing on the
assumption that they have large grazing lands and can benefit more by having many herds.
Others associate zero grazing with confiscation of land. Growing feed crops such as alpha-
alpha or elephant grass on irrigated areas as proposed by Roder (1965) likely displaces other
crops and hence decreases farmers’ income.

Recognizing shortcomings of technical top-down measures and the importance of social
interaction in managing sediment and maintaining irrigation infrastructure, another set of
solutions emphasizes formal and informal institutions (Beyene, 2009) and collective action
(Chun, 2014). Collective action is considered the most promising solution for the sustainable
management of common property resources (Gebremedhin et al., 2004; Ostrom, 1990).
However, effective collective action between livestock farmers and irrigators is virtually non-
existent in Ethiopia and common sediment management strategies in small scale irrigation
schemes are ineffective. Our case studies illustrate the underlying reasons.

3.3. Description of the Study Areas

3.3.1. Selection of Case Study Schemes

This study was conducted in the Southwest Shoa zone of Oromia, Waliso, and Ameya districts
(Figure 1). Three small scale irrigation schemes were identified according to their accessibility
and degree of sedimentation varying from light to heavy sediment loads (Table 3.1). The Boye-
1 and 2 is a merged and upgraded scheme that represents a lightly sedimented case. It
comprises two parts: Boye- 1 providing water to 56 households and Boye-2 with 65
households, irrigating a total command area of 56 hectares (Figure 3.1b).
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Table 3.1 Background information on selected small-scale irrigation schemes

Average
Command .
L Year of No. of livestock
S. | Irrigation | Type of first area State of the holdi
irs oldin
No | Schemes | scheme ) Hectare scheme &
operation (h ) Households per
a
household
1 Boye 1 & | Upgraded | 2013 56 121 Lightly 8.25
2 merged sedimented
scheme
2 Ejersa Upgraded | 2013 96 120 Heavily 11.93
scheme sedimented
3 | Kulit Traditional | 2019 17 29 Lightly 10
scheme sedimented
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Source: (Unpublished official document)

Ejersa is an upgraded and heavily sedimented scheme serving 120 users from two kebeles,
the lowest administrative unit in Ethiopia (Figure 3.1a). The Kulit case represents a new

scheme that was started by farmers in response to abandonment of Meri-Megari SSI because
of sedimentation. The traditional weir of the Kulit scheme was constructed at 5.3 km
downstream from the Meri-Megari abandoned weir. Located at 151 km from Addis Ababa at

an average elevation of 1834 meters above mean sea level it comprises 17 hectares and 29

households (Figure 3.1c)
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Figure 3.1. Location of the study area with the three case-study irrigation schemes.
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Figure 3.1a. Ejersa irrigation scheme and Part of Grazing land
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Source: (Own material)

Figure 3.1b. Boye | & Il irrigation Scheme and Part of Grazing land
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Figure 3.1c. Kulit traditional irrigation Scheme and Part of Grazing land

3.4. Material and Methods

As a general methodological approach, we used a "follow the water" principle to identify the
water users and their networks, to map all relevant irrigation infrastructure, grazing areas and
institutions, and to track the livestock owners and reconstruct their interactions with
irrigators. Participants for a qualitative interview were selected using a purposive and
snowball sampling technique to identify the key informants from the head, middle, and tail-
end user representatives. We gathered data during two periods: from June to October 2018
and from September 2019 to February 2020. Open-ended and semi-structured in-depth
interviews were conducted with older farmers, the Water User Association committee
members, irrigators, livestock farmers, engineers, and relevant government officials. The
number of interviewees was expanded until the collected information reached a level where
no new insights were added beyond the ones that had already been expressed. Field
observations provided first-hand information on the schemes' operation and maintenance
practices and the interaction with livestock and the livestock farmers. We gathered secondary
data from the district and a regional office that have had a stake in the respective schemes,
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and we conducted nine focus group discussions on the topic with 6-8 participants in each
session.

We interviewed 63 persons in total. Among the users of the three schemes, we interviewed
15 women and 36 men farmers, spread across the head, tail, and middle-reaches with some
of them acting as WUA committee members. Also, twelve officials were interviewed of whom
five irrigation development agents (DA); one former DA from Waliso District, two active DAs
from Waliso District and two DAs from Ameya District. Of the four Government officials
interviewed, one worked for the Oromia irrigation development agency Addis Ababa, one
from Waliso District, one from the Ameya District office and one from the south-west Shoa
province. A further three engineers were interviewed: one from Oromia irrigation
development agency Addis Ababa, and two from south-west Shoa province. The age of the
respondents ranged between 14 and 79 years. Interviews were translated and transcribed.
The qualitative data analysis was conducted after repeatedly reading each transcription line
by line. Field notes and observations contributed to triangulate findings and interpreting the
results (Dessalegn et al. 2019).

3.5. Results and Discussion

The problems of the livestock-irrigation interaction in the case study irrigation schemes are
driven by the conflicting needs of irrigators and livestock owners: livestock needs grazing and
drinking water and often this involves movements from the homestead kraal to the place of
feeding/watering. The destruction of irrigation infrastructure is manifested by the main canal
of Ejersa SSI which is broken and leaking in many places. The frequency of interactions is high
because irrigation farming, livestock grazing, and drinking represent daily activities practiced
year-round in all study area schemes. Moreover, because of livestock’s gregarious, restless
behavior, and their free grazing habits, part of the grazing area in Ejersa and Boye 1&2 study
sites was overgrazed despite the Livestock Farmers Associations’ efforts to impose grazing
management. Compounding the problem is the fact that livestock have unrestricted access
to the irrigation systems and cattle need to cross irrigation canals to reach grazing and
watering areas along the river (Figures 3.1a and 3.1b).

3.5.1. The Irrigation-Livestock Conundrum: Different Stakeholders, Different
Perspectives

Because of the sedimentation and damage to infrastructure, the interaction between
irrigators and livestock owners leads to conflicts. The presence of different stakeholders, who
have partly over-lapping interests and who are dependent on functional irrigation systems
makes the situation more complex. We have categorized the relevant stakeholders into four
(partly overlapping) sub-groups: Irrigators, livestock farmers, trespassers, and local
government (Figure 3.2). These will be treated in more detail in the section below.
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Irrigators

Livestock
Farmers

Stakeholders

Tresspassers

Local
Governmnet

Figure 3.2 Stakeholders in the three SSls

3.5.2. Livestock Farmers' Perspectives

Livestock farmers (LFs) in Ejersa and Boye claim that irrigation schemes are in the middle of
their grazing areas (figures 1a and 1b) whereby land now included in the irrigated command
area used to be grazing area. During the upgrading of Ejersa and Boye schemes, responsible
government officials made an agreement with LFs regarding measures to facilitate the safe
use of irrigation water for livestock. The regional office agreed to construct cattle-troughs in
the canal and a bridge to facilitate safe livestock movements in exchange for the LF's consent
for the irrigation system construction on their land. The agreed measures implicitly indicate
that livestock was expected to drink from the canal. However, at none of the schemes the
promised cattle-throughs or watering points were constructed. In response LFs felt cheated
and even tried to sabotage the construction of the irrigation scheme, to no avail.

The broken promises and the denial of formal access to the irrigation water led to the absence
of ownership feeling among LFs, lack of cooperation for irrigation maintenance and
unwillingness to consider measures to reduce the negative effects of livestock roaming. For
example, to facilitate livestock drinking, a common practice among livestock farmers is to put
local materials in the canal to block the flow and raise the water level. The herders who
construct the blockage never remove the material once the cattle have had its fill, thus
disturbing irrigation water supply and, inadvertently, creating local hubs for sediments to
accumulate.

Livestock owners who have both irrigation and grazing land in the same system act as silent
observers. They neither discuss the problem caused by their livestock nor the infrastructure
damaged by the livestock. In the Focus Group Discussion in Ejersa and Boye schemes, they
stated they were afraid to be taken to task by either irrigators who do not own livestock or
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the livestock farmers who do not use the irrigation scheme. Even though they benefit from
both resources, grazing land, and irrigation system, they feel trapped in between. Hence, they
prefer to remain silent and contribute for canal maintenance as an irrigator and participate
in activities of the livestock association.

3.5.3. Irrigators' Interests

Until the schemes were modernized/upgraded by the government, irrigators and livestock
farmers in the Boye and Ejersa schemes managed to come to mutually agreed arrangements.
The original users in traditional schemes had formed Abba Melka's (committee of elders). The
latter maintained a user's list based on either the farmer's labour contribution during the
development of the original scheme or a monetary joining fee for compensating users' efforts
to keep the scheme functional. This contribution formed the basis to acquire a water use right
(A. Bolding, Post Uiterweer, & Schippers, 2010).

Once the irrigation infrastructure in Ejersa and Boye 1&2 had been upgraded by the
government, the schemes were transferred to the irrigators to use it as a common pool
resource and share the burden of operation and maintenance. To become acknowledged as
official irrigation scheme, the District Office instituted a new structure of water users’
association (WUA or Korrei) headed by seven executive committee members. The WUA and
the listed members were formally recognized by the district office as the rightful irrigation
users. In the Ejersa scheme, soon after completion of the modernization works new members
were registered as a water user based on their inclusion in the newly extended command
area. In the Boye 1&2 merged scheme, no new members were added due to the limited water
supply. By organizing WUAs it was hoped that irrigators would perceive the irrigation schemes
as their own and take responsibility to maintain and sustain by regularly removing
accumulated sediments and repairing damaged canal banks. In both schemes, the irrigators
are deemed as the only water user having the formal right to use the irrigation system and
livestock farmers are blamed for regular livestock intrusion in the irrigation system.

In 2018, the Ejersa WUA attempted to communicate with the LFs to reduce the livestock-
irrigation interaction with the help of elders from the neighboring villages. However, the LFs
without land in the irrigation system could not see the benefit from limiting cattle movement.
On the contrary, they claimed the irrigation canal was constructed through their grazing area
and blamed the lack of promised cattle throughs to be beyond their remit. Taking their
livestock elsewhere to water would involve more work at zero-benefit.

3.5.4. Trespassers

Trespassers are another group of stakeholders (figure 3.2) who do not have a formal water
use right. There are two ways in which trespassers can nevertheless make use of the
modernized irrigation schemes. One way is through the arrangement made by the WUA in
Ejersa; if a farmer has land in different locations in the water course within the same
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command area, s/he can choose for which one of his plots s/he can use irrigation each year,
but s/he can only irrigate one plot. However, s/he is required to inform the WUA before the
irrigation scheduling is made. This is the reason that opens the door for the trespassers to use
the irrigation scheme for grazing. Some farmers use this opportunity to steal water even
though they are a registered member, and they will be fined when caught. However, the fine
is small relative to the benefit.

The second way in which trespassers can make use of irrigation relates to the way livestock
farmers acquire the right to grazing land. An informal rule allows the LFs to inherit the user
right to a specified section of grazing land and pass this to the next generation. In Ejersa and
Boye schemes, the LFs who inherited the right and may not live or irrigate in that specific area
can still use the grazing land. They move their livestock to the grazing land and move them
back home at night. This is how livestock farmers who irrigate in several or different irrigation
schemes and LFs who use rain-fed agriculture maintain access to the grazing land. The LF who
has the right can have as much livestock as s/he can afford and graze them with no specific
limitation imposed on him/her.

3.5.5. District Office

In the case study area, the District Office pays far more attention to irrigation development
than livestock production as testified by recent efforts to upgrade the Ejersa and Boye 1&2
irrigation schemes and recognize the irrigators as their rightful users. The district office
maintains regular communication with irrigators. The irrigators and WUA executive
committee interact once or twice monthly. During their meeting, they discuss the status of
the Scheme, the problems they encountered, and they identify or develop viable solutions,
and address any other issues that are raised. The irrigators and the District office interact with
each other through the WUA committee. The committee works as a communication platform
for the district office, presenting issues and questions raised by the irrigators to the
responsible government agencies, though in practice their questions are rarely answered by
government agencies.

3.6. Institutional Structures Governing Land and Water Resources

There are three common resources relevant to the livestock-irrigation interaction: the
irrigation schemes; the grazing land, and the river and riverbeds. For all three separate
collective governance arrangements apply.

The WUA is responsible for operation and maintenance activities of the irrigation schemes in
the study area. Their biggest challenge is organizing maintenance, particularly removing
deposited sediments from the canal. Different parties’ abstract water from the irrigation
canal: irrigators, livestock, livestock farmers, and trespassers. Yet the WUA rules and
regulations do not apply to all these uses and users. The WUA lacks the power to enforce
measures to regulate livestock movement and prevent damage caused by livestock. They
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cannot exclude non-irrigators from accessing canal water. Even for the livestock farmers who
are also irrigation member, the WUA cannot prevent or punish actions that lead to
infrastructure decay.

Similarly, the Livestock Farmer Associations (LFA) manage the grazing lands in Ejersa and Boye
SSls. The LFA aims to manage the grazing land, increase the stock feed growth, and safeguard
livestock against any danger (injury and death of livestock being stuck in the canal while
drinking). The LFA group the livestock in various paddocks of the grazing area and rotates the
livestock herd over different sections. However, livestock is unpredictable and often too
restless to stay in the designated areas. The habit of free grazing and the absence of fences
results in ineffective grazing management practices. Further, unrestricted access has resulted
in overexploitation of the grazing land (Gebremedhin et al., 2004).

The management of livestock grazing in riverbeds does not fall under the LFA nor WUA
mandate. The riverbed is not managed by any formal or informal institution, except in the
case of Ejersa SSI. Along the Ejersa river, there are 21 traditional and modern small-scale
irrigation schemes which make use of its waters, with Ejersa SSI being the fifth scheme
counted from the upstream end of the river. These 21 schemes have formed a general
committee that has the responsibility of ensuring a fair water distribution of the river water.
Even though these committees have the responsibility of managing the river water, their
focus has always been on inter-scheme water allocations. They have so far not been capable
to control the tress-passers, nor have they expressed an interest in doing so.

The three resources (irrigation system, grazing area and the river) are governed by separate
user-based institutions that hardly overlap in terms of institutional membership. None of
these institutions engages with irrigation-river-livestock interactions, thus allowing boundary
zones where livestock can freely maraud. The burden of damage caused by livestock squarely
falls on the irrigators. The position of livestock farmers is similar to that of free-riders: they
use a resource (water) without having to sustain it. As (Ostrom, 2010) argued different user
groups is a serious deterrent to successful collective governance. In addition, the absence of
co-ownership for livestock farmers inhibits collective management.

The problems occur at the physical and institutional boundary of the grazing area and
irrigation system. Since both the WUA and the LFA lack institutional coverage to sanction or
penalize the free-riding behaviors of livestock, the users of both institutions look at the
responsible government office to step up on solving the problems (joint FGD December 2019).

3.6.1. The Role of the (Local) Government

The district office is aware of the problem. However, its officials claim they cannot solve the
issue of free-riding livestock because there is no assigned body at District level that deals with
boundary-crossing problems, even though both the WUAs and LFAs are linked to the district
irrigation development office, thus making it indirectly responsible. The district office has so
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far absconded its responsibilities, believing that users who are part of the same community
are better situated to resolve this issue. Facing staffing and budget constraints, the district
officials argue they can only address problems when they acquire a specific budget and
institutional mandate (District officer interview December 2019).

Governance of SSls at District level has been subject to fragmentation, prevalence of top-
down approaches and frequent changes in both policy and placement within different
Ministries. As a result, there is a lack of coordination and a low level of participation and
consultation (M. Yami, 2016). On top of that, reforms have mainly focused on the redesigning
of policy documents and restructuring of authorities and not on how to reform the internal
organizational/institutional contexts to fit with the plan or vice versa.

Resource users feel part of the institutions governing each resource but dealing with resource
access cutting across these various institutions proved difficult. Even with dual members, who
had a stake in two resources at the same time, it was challenging to initiate the conversation
towards a negotiation. Moreover, the WUA's requests to the district office to help resolve the
issues fell on deaf ears (FGD, Waliso, December 2019).

3.7. The Livestock-Irrigation Conundrum — The Missing Link in the Sedimentation
Debate

One of the biggest challenges affecting the performance of SSI schemes is linked to canal
damage, sedimentation, and the corresponding maintenance burden, caused by different
livestock owning farmers. Some of these farmers are members of the affected irrigation
scheme itself. What keeps the different actors from coming up with an effective response to
the livestock-related challenges?

3.7.1. Top-Down Planning

Informants in the study schemes blame the ineffective response to the livestock-irrigation
conundrum on the prevailing top-down approach to irrigation development. The planning and
implementation of the SSI projects do not address the concerns of the local community
through their active involvement. For instance, issues related to the suitability of the design
for cleaning and maintenance, and the trajectory of irrigation canals might cause conflicts
within the community. Concretely this may concern the construction of cattle-throughs along
with the irrigation canal network or passages where the livestock can safely cross without
pushing sediment into the canal. Furthermore, even in livestock dense areas, water demand
calculations for scheme design and management does not consider livestock water demand.
All these concerns have not been taken up in the design of Boye 1&2 and Ejersa irrigation
systems. The infrastructural design was made only from the irrigation perspective, ignoring
the interaction with livestock. Even after commissioning the newly rehabilitated (upgraded)
irrigation schemes these concerns, while expressed, were not addressed, reflecting a design
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culture that ignores the concerns of the actual users and owners of the irrigation schemes
once the project’s construction has been finalized.

Most of all, the top-down style and sectoral approach of planning and implementation of SSIs
by various responsible government agencies hinders addressing inter-sectoral needs and
undermines a sense of co-ownership and co-responsibility among users, thus precluding the
development of solution pathways that could deal with the negative effects of livestock
movement and watering. This finding is confirmed by literature which articulates a lack of
pluralistic approaches (Habtu & Yoshinobu, 2006) and lack of integration of users' knowledge
and concerns in SSI design (M. Yami, 2016)

3.7.2. Rigid Designs Ignore Users’ Needs and Concerns

Even when users explicitly protest certain upgrades, their needs are rebuffed, as transpires
from a key informant’s description of the planning and construction of the case study
schemes:

"The regional Government prepares the plan, provides a framework, and consults the
relevant District experts when inputs are needed. Plans are prepared in a top-down
manner, and the space given to the District and Kebele officials is that of informants to be
consulted. In Ejersa, and Boye 1 and 2 SSIs, the Kebele office was contacted only for
informing irrigators about the project. When the irrigators and livestock farmers refused
the modernization of their irrigation Schemes (particularly irrigators of Boye-1 scheme and
livestock farmers of Ejersa), the Kebele office was contacted again to negotiate between
the irrigators, livestock farmers, and regional government office for their plan to proceed.
Ultimately, the regional office promised to build additional components, such as cattle
throughs, and a bridge, which had not been included in the original design. Yet, at the end
of the day, these were not constructed' (Former dembeli-keta kebele Chairperson
interview, Waliso, November 2019).

This lack of downward accountability on SSI project planning is compounded by the limited
efforts at comprehensive capacity building of project staff, and the tendency to recruit under-
equipped construction companies for implementing rigid designs, as transpires from the
interview cited below:

“The weak capacity of the study teams and engineers who design and construct the
Schemes, which results in poorly designed irrigation infrastructure are challenges of all
studied Irrigation Schemes. The challenge becomes prominent because of the frequent
restructuring of the irrigation sector, and the confusion on duties and responsibilities of
District office staffs, understaffing of the District offices relative to the irrigation Schemes
they should monitor, and missing irrigation system documentation. The SSI project
documents often state the necessity of capacity building among District staff. Nevertheless,
the higher officials do not facilitate the District/Kebele staff to take training on technical
and managerial issues of SSI projects. They do not even consider it as their responsibility.
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Most times, all the project money was used on project implementation without capacity
building. Hence, the staff starts implementation without understanding the plans,”.
(Development Agent interview, Waliso, October 2019).

3.7.3. Institutional Limitations

Besides these weaknesses in the design and construction of modernized SSls, the relationship
between the various government agencies, such as the Development Agent, District, and
Kebele officers, and the WUA is highly political. The pursuit of political agendas using the
platform of the WUA reduces farmers’ motivation to take part in problem-solving discussions
and contribute towards their resolution. The meetings held on the government'’s political and
development agenda often last long, and farmers who participate in the meeting have limited
time for raising SSls problems. As a result, farmers are less interested in the meeting. Most of
them do not even show up for the meetings anymore.

Finally, the issuing of standard by-laws for WUAs of modernized SSlIs to administer, without
user consultation, directly violates several of Ostrom's design principles for successful
collective governance of CPRs. The Ejersa WUA chairman claimed that the absence of formal
or informal institutions that can be enforced to all stakeholders makes it difficult to control
the non-rightful users of the Scheme, and the irrigators (WUA) committee can't take any
action against the free riders as they have neither authority over them nor the enforceable
rules (WUA chairperson interview, November 2019). This confirms (Baggio et al., 2016)
findings that all commons are likely to be non-successful when cognitive principles,
accountability of monitors, and gradual sanctions are absent. Including livestock farmers as a
separate sub-committee, with specifically drafted by-laws addressing the right to move across
canal infrastructure and watering livestock from canals, would go a long way to make sure
that cross-cutting livestock and irrigation uses are addressed. The latter would address the
boundary problem that is caused by each resource having its own property arrangement and
collective monitoring institution, leaving overlapping resource use at the discretion of a non-
responsive District office. Successful irrigation-livestock interaction in traditional schemes

The example of Kulit traditional irrigation scheme, albeit at a much smaller scale, provides a
refreshing contrast, where irrigators and livestock farmers have drafted mutually agreed
resource sharing arrangements that reduce the damage created by livestock (though they
have not constructed cattle throughs or bridges to facilitate this). This traditional scheme,
which is not recognized by the government, was established by farmers from a modern SSI
that was abandoned due to sedimentation and maintenance problems. There are no formal
rules that declare who may use Kulit SSI. It is used informally by those users who displayed an
interest in continuing irrigation and proved willing to contribute labour to construct the
diversion structure and be involved in operation and maintenance of the newly established
Kulit scheme. The users have formed a group and are open to registering new members,
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especially to reduce the maintenance burden (FGD: Kulit traditional scheme, Ameya, January
2020).

Most irrigators own livestock which they graze near the scheme. They are neighbors and
share membership of one or more social groups, like ‘Idir’ (burial gathering) ‘Mahber’
(religious associations), and ‘Equib’ (rotational saving) clubs. As a result, unlike the users of
the other schemes, they do not see themselves separately as LF and irrigators. The livestock
that grazes around Kulit can use the scheme for drinking (interview: Kulit traditional scheme
WUA committee, Ameya, January 2020). In this scheme, we can observe that the small
number of users and adequate water supply is key in bringing users together in a closely-knit

community, avoiding conflicts between irrigators and LFs.

This result may be explained by the fact that, most irrigators and livestock owners are the
same people who established and use the same scheme. Having smaller user community with
adequate water resources could also be the other key reason in bringing users together in a
closely-knit community, avoiding conflicts between irrigators and Livestock-Farmers. Another
possible explanation for this is that the rest of the abandoned scheme (Meri-Megari) is under-
utilized. It offers a grazing area for their livestock lacking the degree of overstocking and
suffering that affects the other schemes. Furthermore, there is no intervention by the
government that disturbs their mutually agreed arrangement, thus allowing them to avoid
the conflict and negative effects of livestock interaction.

3.8. Conclusion

Irrigation-livestock interactions produce both positive and negative effects. Livestock
improves the farmers' livelihood in many ways; however, their interaction with irrigation is a
main cause of sedimentation before and especially, during the irrigation season. Livestock in
irrigation systems often cause overgrazing, erosion and sedimentation in intakes and canals.
Irrigation activities often coincide with higher livestock numbers. At the same time, irrigation
systems are often constructed in grazing areas and canals cut through cattle access routes to
the river. This potentially leads to conflict.

The top-down style and sectoral approach of planning and implementation of SSIs by various
responsible government agencies inhibits addressing inter-sectoral needs and undermines a
sense of co-ownership and co-responsibility among users, thus precluding the development
of solution pathways that could deal with the negative effects of livestock movement and
watering. Furthermore, in making top-down interventions in irrigation systems, livestock-
irrigation interactions are insufficiently considered, leading to aggravated conflicts. Issuing of
standard by-laws for WUAs of modernized SSIs to administer, without user consultation,
directly violates Ostrom's design principles for successful collective governance.

Frequently proposed solutions to address sedimentation problems caused by livestock do not
work because they do not address underlying conflicts between irrigators and livestock
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farmers. The irrigation infrastructure design was made only from the irrigation perspective
ignoring the inter-dependence of the livestock and irrigation system. It reflects a design
culture that ignores the socio-cultural context and concerns of the actual users and denies
irrigators to come up with their own technical/design solution to mitigate the negative effect
of the interaction.

An appropriate institutional framework to address irrigation-livestock interactions is not in
place. The WUA is for irrigators, the LFA is for livestock farmers. They are each organized in
their associations. Each resource has its own property arrangement, but these cannot deal
with the overlap of resource use at the boundaries. Even when single appropriators are
member of two or three institutions, they tend to evade penalization or monitoring of the use
their livestock makes or damage it causes. The absence of cross-cutting (in)formal institutions
that can police the resource use of all stakeholders makes it difficult to control the non-
rightful users in both Boye and Ejersa schemes. The WUA committee is powerless against the
free riders from accessing water as it falls outside their jurisdiction. However, in Kulit
traditional scheme, all users are collectively co-operating because of their strong ownership
feeling for the scheme they established and the smaller numbers of members with adequate
water. Their successful, though informal, collective action manages to supersede the artificial
institutional boundaries that constrain formalized institutions for collective action. While it
seems that both WUA and LFA are properly nested in other governing networks, like the
district office, as stipulated by another of Ostrom’s design principles, in practice the top-down
and compartmentalized way of dealing with resource use precludes effective collective action
to control irrigation-livestock interactions. Hence our talk of a missing link.

The persisting problem of sedimentation, irrigator-livestock farmer conflicts in SSl in Ethiopia,
has induced the need for strategy development and recommendations for dispute resolution.

3.9. Recommendations
3.9.1. Options to Moderate the Interaction Effect in the Short and the Long Run

Over time, engineers and administrators have cracked their heads over devising sustainable
solutions to address the negative effects of livestock-irrigation interactions. The mitigation
measures that are going be introduced in the future should be in consideration of both
resources management, irrigation system and grazing land. Our main recommendations focus
on two points.

The newly developed projects and rehabilitation of existing schemes could emphasize
alternative practical measures for better herd and farming management that consider all
potential users of the common resource. This could be done by either creating a platform
superseding the WUA and LFA, or by including livestock farmers as a separate sub-committee
on the WUA, with specifically drafted by-laws addressing the right to move across canal
infrastructure and water animals from canals. Such inclusive arrangements would go a long
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way to make sure that cross-cutting livestock and irrigation uses are addressed. The latter
would address the boundary problem that is caused by each resource having its own property
arrangement and collective monitoring institution, leaving overlapping resource use at the
discretion of a non-responsive District office.

During the design of new and upgraded SSI systems, it is important to consider the inter-
sectoral needs of both irrigation and grazing systems. The design could include the concerns
of the actual users (irrigators and livestock farmers), local knowledge and consider the socio-
cultural context of irrigation and consult both irrigators and livestock farmers and account for
their interactions.
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4. Key Factors Influencing Farmers' Willingness to Maintain Small-Scale
Irrigation Systems in Ethiopia — Going Beyond Ostrom's Design Principles
for Successful Collective Action

Abstract

This paper analyses the sustenance or collapse of collective action of multi-use small-scale
irrigation (SSI) systems by studying the willingness to maintain four specimens of sedimented
SSI schemes using an analytical framework that applies contextual rather than generic
principles in a process-oriented manner. We actively engage with a socio-technical approach
that focuses on the interplay between water, technology, and social actors benefitting from
and governing SSls. This study aims to show that the concept of Farmers' Willingness to
Maintain (FWM) better explains the sustained operation of SSls than a singular, snapshot
analysis using either Ostrom's (1990) eight institutional design principles or Coward's (1986)
hydraulic property relations framework. Data were collected from June to October 2018 and
from September 2019 to February 2020. We used in-depth interviews, focus group
discussions, and sedimentation data. Even though Ostrom's design principles and Coward's
hydraulic property analysis shed light on farmers' willingness to collectively maintain their SSI
system, our study has highlighted complementary, contextual factors that help determine the
time when SSI schemes are abandoned or sustained. We found four key factors affect FWM
either positively (+) or negatively (-). These are (1) dependency on irrigation production (+);
(2) Enhanced organizing capability of Water Users Association and shared membership in
various local institutions (+); (3) Sophisticated technological design (-) and construction of
infrastructural elements that deal with sedimentation (+) and (4) High Sediment load (-). We
conclude that further studies should bear out what other contextual factors may affect
farmers' willingness to maintain their gravity canal SSls and when a tipping point may be
reached.

Keywords: Farmers' willingness to maintain, Multiple-use, Small Scale Irrigation, Collective
action, Institutional design principles, Hydraulic property, sedimentation, Ethiopia
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4.1. Introduction

Small-scale irrigation (SSI) plays a big role in local livelihoods and the rural economy in
Ethiopia. Yet, several studies show that the performance of particularly small and medium
scale irrigation schemes is poor (Dejen, Schultz, & Hayde, 2012; Kassie, 2019), with some of
them being abandoned shortly after construction or rehabilitation (S. B. Awulachew & Ayana,
2011). Excessive sedimentation in the headworks and canal network and a lack of funds and
labour for operation and maintenance are singled out as key causes (S. B. Awulachew &
Ayana, 2011; Kidane & Alemu, 2015).

The government, facing budgetary constraints, adopted various programs to transfer the
responsibility for managing and maintaining irrigation infrastructure to farmers organised in
Water User Associations (WUA) (Gebul, 2021; Kiprop, Mulungu, Kibet, & Macharia, 2017). To
sustainably manage irrigation systems, property rights play an important role, especially
when the resources are scarce, users compete over the resources, and conflicts arise over
rights (ownership), duties, and responsibilities (Otsuka & Place, 2001). (Coward 1986)
hypothesised that in constructing irrigation infrastructure, farmers transform and reinforce
their social relationships and establish property relations. These so-called 'hydraulic property'
rights are essential for the maintenance of irrigation infrastructure. In contrast, (Ostrom,
1990) explored under which circumstances users of common-pool resources without clearly
defined property rights are willing to collaborate for sustainable management. The author
defined eight institutional design principles for enduring, self-organized irrigation systems

(listed below). Many studies of irrigation schemes use Coward's hydraulic property principle
(Coward 1986; Hanemann, 2014; Meinzen-Dick, 2014) or Ostrom's institutional design
principles (Baggio et al., 2016; Jelsma, Slingerland, Giller, & Bijman, 2017; Ostrom, 1993) to
explain the WUA ability -or inability- to maintain their irrigation system. However, neither
Coward's nor Ostrom's framework can fully explain when farmers renounce on an irrigation
system that is subjected to heavy sedimentation. When do systems collapse, and why? We
believe an analogy can be drawn with the concept of tipping points as used in studying the
effect of climate change on socio-ecological systems (Lenton, 2020; Van Ginkel et al., 2020).
At some point, the collective action that ensures sustenance of the small irrigation system
collapses.

We propose to study this by operationalizing a new concept: Farmers' willingness to maintain
the system (FWM). By using such a concept, one can stretch the analysis of the governance
of common-pool resources, such as small-scale irrigation systems, beyond a simple checklist
of assessing the eight design principles of Ostrom or reconstructing property relations as
Coward would have us do. Rather, we propose to analyze sustenance or collapse of collective
action not only for irrigation water use as Ostrom and Coward propose, but also for livestock
and domestic use as a multiple-use irrigation system that is subject to contextual rather than
generic principles. There are different uses of water and different factors, like technology,
that inhibit collective action around maintenance. We actively engage with a socio-technical
approach that focuses on the interplay between water, technology, and social actors
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benefitting from and governing SSls. Obtaining information on factors influencing farmers'
collective willingness to maintain is important to identify the tipping point beyond which the
farmers decide to stop maintaining their system at the individual and collective level. This
study aims to show that Farmers' Willingness to Maintain (FWM) better explains the
sustained operation of SSls in Ethiopia than a singular, snapshot analysis using either Ostrom's
eight design principles or Coward's hydraulic property relations framework.

The innovation in this paper is that we propose an alternative framework that helps
understand the abandonment of SSI systems by understanding the process of governance in
action. To do so, we examine four case study schemes by using Ostrom's eight design
principles to understand to what extent these principles can assess the actual condition of
the case study schemes, the farmers' willingness to maintain SSI, and scheme abandonment.
Before this assessment, we give a brief description of the study area, our methodological
approach, and an outline of both Ostrom's and Coward's theoretical frameworks. After
demonstrating the limitations of Ostrom's framework, we identify additional factors that help
describe and analyze farmers' willingness to maintain the studied SSls. Finally, we conclude
with an explicit treatment of the key factors that influence the willingness to maintain, which
we believe offer new avenues for both policy makers and researchers to explore and prevent
the collapse of SSls due to increased maintenance burdens in both Ethiopia and wider Africa.

4.2. Material and Methods

We selected four SSls in south-west Shoa zone, central Ethiopia, that vary in size,
membership, construction history and sediment loads (see figure 4.1). As a general
methodological approach, we used a "follow the water" principle to identify the water users
and their networks, and to map all relevant infrastructure and institutions. Participants for a
qualitative interview were selected using a purposive and snowball sampling technique to
identify the key informants from the head, middle, and tail-end water users. We gathered
data during two periods: from June to October 2018 and from September 2019 to February
2020. Open-ended and semi-structured in-depth interviews were conducted with older
farmers, the WUA committee members, irrigators, livestock farmers, engineers, and relevant
government officials. The number of interviewees was expanded until the collected
information reached a certain saturation level, where no new insights could be collected
beyond the ones that had already been expressed. Field observations provided first-hand
information on the schemes' operation and maintenance practices. We gathered secondary
data from the district and a regional office that have had a stake in the respective schemes,
and we conducted nine focus group discussions on the topic with 6-8 participants in each
session.

We interviewed 75 persons in total, of whom 12 officials (development agents, managerial
officials, and engineers). Among the users of the four schemes, we interviewed 18 women
and 45 men farmers, spread across the head, middle and tail-end, with some of them acting
as WUA committee members. The age of the respondents ranged between 14 and 79 years.
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Interviews were translated and transcribed. The qualitative data analysis was conducted after
repeatedly reading each transcription line by line. Field notes and observations contributed
to triangulate findings and interpreting the results.

4.3. Description of Study Area

In Ethiopia, small-scale irrigation schemes are divided into different categories based on their
establishment, management, and nature of the structure. In traditional irrigation schemes,
the intake weir is made of an earthen material that needs annual maintenance and is
managed by the community. Modern schemes have a permanent diversion weir, and the
primary and secondary channels are made of concrete that do not require annual
maintenance and are mostly managed by the community. Modernized or upgraded schemes
comprise traditional schemes which were improved with more permanent intake structures
and concrete (lined) canals after certain years of service, before being handed-over to a
formally constituted WUA (Haile & Kasa, 2015).

For this study, we selected four small-scale irrigation schemes in the Southwest Shoa zone in
Ethiopia (Figure 4.1). Details on the four schemes are summarized in (Table 4.1). Ejersa SSI
scheme is a traditional scheme on the Ejersa river managed by the local community. The WUA
(Aba Bishani) handles operation and maintenance. It is a heavily sedimented scheme that is

located across two kebeles (the lowest administrative unit in the country), Dembeleketa and
Bedesa Koricha.

The second scheme, Boye-1 and 2, started as two separate traditional SSI schemes which were
merged and upgraded by the government without the irrigators' consent. They share the
main canal that bifurcates into two secondary canals. The modernization entailed
improvements to the new main intake and the lining of the main canal. This scheme was
selected as representative of lightly sedimented schemes. The present scheme comprises two
parts: Boye- 1 providing water to 56 households and Boye-2 providing water to 65
households, irrigating a total command area of 56 hectares.?

The third scheme Meri-Megari was constructed in 2000 with Government support as a
modern SSI but has been fully abandoned since 2017. The main causes of its abandonment
are sedimentation and excessive seepage loss along the canal. Before abandonment, it
comprised 200 hectares of command area providing water for 234 households.

2 In the result and discussion section we used boye 1, boye 2 and boye 1&2 merged schemes separately and together as
needed to show the actual condition of irrigation governance among these users’ group.
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Lastly, the Kulit traditional small-scale irrigation scheme was initiated and constructed by the
same farmers who were previously using the Meri-Megari modern scheme until its
abandonment. Kulit traditional diversion was constructed at 5.3 km downstream from the
Meri-Megari abandoned scheme. It comprises 17 hectares of command area providing water
for 29 households.

o Meri-Megari SSI
¢ Kulit SSI

* Boye 1&2 merged SSI
* Ejersa SSI

mm South West-Shoa zone
Oromia Region

[ Ethiopia

210 280 km

o
<
3
o
3

0 700 1,400 2,100 2,800 km

Figure 4.1. Location of the study area with the Four Case-Study Irrigation Schemes. Source:
Hanan Tadele, 2021.
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Table 4.1. Background information on selected small-scale irrigation

beneficiaries

beneficiaries

beneficiaries

Boye 1 &2 Ei
ersa
Irrigation Schemes merged ! Kulit scheme Meri-Megari
scheme
scheme
Distance from 114 110 151 158
. Adiss Ababa
Location
(km)
Average 2120 2123 1834 1902
elevation (masl)
Type of Scheme Upgraded Upgraded Traditional Modern
Canal characteristics partially lined | partially un-lined Mostly un-lined
lined
Year of construction 1976 1960 2019 2000
Year of rehabilitation 2013 2013 NA NA
Command Area Hectare | 56 96 17 200
(ha)
No. of official irrigators 121 120 29 234

beneficiaries

Water Sources Boye River Ejersa River | Kulit River Kulit River

State of the Scheme Lightly Heavily Lightly Heavily
sedimented sedimented | sedimented sedimented

Maintenance/labour 3timesayear |8-9timesa 3timesayear | NA

requirement year

Status of the schemes Partially Functional Functional Abandoned
functional since 2017

4.4, Results and Discussion

In this section, we first assess the schemes' performance using Ostrom's design principles and

Coward's hydraulic property frameworks to test these conceptual frameworks on their

empirical validity. Next, we discuss several key factors, comprising willingness to maintain,

that better explain the functioning of the four study schemes.
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4.4.1. Application of Ostrom's (1990) Design Principles
Design principle 1: clearly defined boundaries of users and resources

On paper, the irrigated area in all four schemes is demarcated by engineers hired by the
government based on the trajectory of the canal and water use right given to irrigators. WUAs
control and monitor the allocation and distribution of water within that specified boundary.
However, the WUAs have neither the power nor regulatory framework to exclude free-riders,
like livestock owners without irrigated plots, because of the lack of an effective exclusion rule
that can apply to all stakeholders or a mechanism like a fence to stop the free rider, domestic
users and livestock. The resource boundaries were not clearly defined nor observed in all
studied SSls.

Design principle 2: proportional equivalence between benefits and costs

In both Ejersa and Boye irrigation schemes, all acknowledged users have a water right to
irrigate 0.25 ha. Irrigators pay user fees to cover administration, operation, and simple
maintenance costs. However, the labour they contribute to irrigation system cleaning is not
equally proportional for all users. The tailenders in these schemes contribute more labour to
clean the entire canal than middle and head enders for the same quantity of water or less.
The head enders clean only the main canal, and the middle users clean up to the midpoint
(location of their farms). Hence, maintenance duties increase with the distance of one's plot
from the source. In contrast, the Kulit scheme farmers can irrigate without water limitations.
The users are few and the water supply is adequate. The way they contribute labour for
maintenance is the same as described for the above schemes. However, their benefits
outweigh or are equivalent to their cost in labour contribution.

Design principle 3: collective choice arrangements

All schemes except Kulit have been constructed or rehabilitated by the government but are
currently operated and managed by users. The written by-laws were drafted by the
government. Farmers in the Ejersa scheme ensured the participation of most users in
adapting their rules and by-laws to fit the current situation in 2019. However, government
agents still interfere with the exact implementation of those rules while pursuing their
political agenda. This reduces the farmers' motivation to participate in problem-solving
discussions and negatively affects their contributions towards their resolution. In contrast, in
the Kulit scheme, an unregistered traditional scheme, the by-laws were written by the users
themselves and they are free to make any change as they see fit. For this scheme, the
collective user management is observed.

Design principle 4: monitoring

The users or those accountable to users should monitor the scheme's physical condition and
users' behaviors and observe/administer penalties on rule-breaking behaviors. In three of the
schemes, it is done by the farmers and WUA and occasionally by woreda officers. Many users
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in modernized SSls feel that government plays a key role in enforcing WUA rules (also since
these rules/by-laws have been imposed by the government). In such instances monitoring
and enforcement is no longer done by users themselves, while the government does not have
the manpower and budget to undertake the task. Kulit SSI provides a contrast in the sense
that the government does not recognize the scheme and its locally drafted by-laws, and hence
user-based monitoring and enforcement works well, as observed in DP 4 by Ostrom.

Design principle 5: Graduated sanctions

In all irrigation schemes graduated sanctions are described in the written by-laws with the
level of sanction varying per scheme. However, its implementation is poor.

Design principle 6: conflict resolution

All irrigation schemes have included conflict resolution mechanisms in their by-laws. Most
users are part of a common social institution where they get together, interact, and discuss
their problems. The latter institutional rules are more effective in resolving conflicts than the
rules written in the by-laws. However, in Boye SSI conflicts are not easily resolved despite the
written conflict resolution mechanism in their by-law because the quarrelling user groups live in
different villages with different informal institutions and are unwilling to share the irrigation system.
The government officials simply imposed their decision to merge the two systems. As a result, their
conflicts remain unresolved. The conflict resolution mechanism is not rapid and accessible at
low cost particularly in Boye 1 and 2 merged schemes.

Design principle 7: minimal recognition of rights to organize

In both Ejersa and Boye upgraded SSI and Meri-Megari modern scheme, issuing standard by-
laws for WUAs to administer, without user consultation, directly violates this design principle.
However, in Kulit traditional scheme, farmers have full right to make a rule or make a change
as they see fit, and this is not challenged by external government authorities since the scheme
is not recognized and acknowledged by the government.

Design principle 8: Nested enterprises

Nested enterprises exist for all schemes partially. In Boye merged SSI, the user groups are
divided into two user groups, each with their own committees responsible for the
management of the canal in their area. However, the overall management is poor and there
are no nested enterprises with outside agencies, thus hampering the management of the
scheme. In contrast, in Ejersa scheme, the secondary and tertiary canals are each managed
by different groups of farmers under the WUA. The nested enterprises structure in Ejersa
scheme helped to keep a tab on each farmer's participation. However, the nested enterprises
are only available for the irrigators, not for other users like livestock holders, organized in
Livestock Farmers Associations. As a result, the nested enterprise principle applies only
partially. In Kulit tradition small scale irrigation scheme, the secondary and tertiary canals are
each managed by different groups of farmers under the WUA as well. In this scheme, most of
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the irrigators are the livestock farmers, hence, we didn't see the difference in the water use
interest as we observed in other schemes. The nested enterprises are available for the
irrigators and livestock farmers. In Meri-Megari scheme. The secondary and tertiary canals
are each managed by different groups of farmers under the WUA However, the management
is poor. The nested enterprise is partially available only for irrigators not for livestock holders
and with outside agencies.

Table 4.2 Summary of Ostrom's Design Principles applied to the Study Areas

S/N Principles Meri-Megari Ejersa Boye 1 and 2 Kulit

1 | Clear boundary of users Not clear Not clear Not clear Not clear
and resources

2 | Proportional equivalence | Imbalance Moderate Imbalance Good
between cost and benefit

3 | Collective choice Poor Moderate Poor Good
arrangements 3

4 | Monitoring Poor Poor Poor Good

5 | Graduated sanctions Poor Moderate Poor Moderate

6 | Conflict resolution Good Good Poor Good

7 | Organizational legitimacy No No recognition No Good*
recognition recognition

8 | Nested enterprises Poor Moderate Poor Good

4.4.2. Evaluation of Ostrom's Principles

Part of Ostrom's design principles apply to all the case study schemes. Yet, while the Ejersa
scheme performs relatively better in terms of collective action, it lacks applicability of certain
principles. If we look at the Boye scheme and Meri Megari schemes, the assessment result
based on Ostrom DPs (Table 4.2) is almost the same except for the nested enterprises.
However, the Boye scheme is functioning and Meri-Megari has collapsed. Despite the broad
applicability of the design principles and the ability to account for and explain the successes
and failures of collective action in the study areas, the DPs could not fully account for all the
factors that influence sustenance or collapse of SSIin Ethiopian context.

3 Collective choice arrangements being formulated and implemented by the users themselves.

4 The rights of appropriators to devise their own institutions are not challenged by external authorities since
the scheme is not recognized by the government.

70



Key Factors Influencing Farmers’ Willingness to Maintain Small-Scale Irrigation Systems in Ethiopia

Ostrom's DPs have been used instrumentally by various studies (Baggio et al., 2016; Gari,
Newton, Icely, & Delgado-Serrano, 2017) analyzing user governance of CPRs like SSls. This is
problematic for various reasons: Firstly, Ostrom's principles were never meant to be used
instrumentally to assess sustainability of self-governance. Rather, such use leads to snapshot
analysis without addressing key factors explaining continuity or collapse of self-governance in
the face of adversity. For the latter, one needs an analytical framework that pays tribute to
factors that analyze and explain the process of collective governance of SSIs. Secondly,
Ostrom uses a rational choice approach which ascribes successful governance of CPRs in
terms of incentives for individual actors. It does not analyze the influence of contextual
factors (e.g., amount of sedimentation and corresponding maintenance burden), nor does it
engage with outside interference with the process of collective governance that engages with
use of multiple resources (i.e., water and grazing land).

4.4.3. Coward's Hydraulic Property Rights and Existing Institutional Arrangements

Constructing irrigation infrastructure constitutes a property creation process in a specific
location through investments in labour and materials. Through such local investments,
property relations are established that spell out governance arrangements for its operation
and maintenance (Coward, 1986). In farmer-led irrigation systems, like Kulit SSI, local
investors are obliged to maintain their scheme in proportion to the use they make of the

water conveyed. In case of outside investment, for instance, by State actors to modernize
existing SSIs, there is a high risk of 'property extinction', whereby users no longer experience
the obligation to maintain the newly created hydraulic property objects (like a concrete intake
and lined canals). To prevent this from happening Coward (1986) recommends a process of
indirect investment and recognition of existing institutions, whereby existing property
relations are acknowledged, and users invest in their scheme's modernization through funds
and expertise thatis indirectly availed to them by the outside investor. This requires a bottom-
up, participatory 'improvement' approach.

During the construction of Meri-Megari SSI and the modernization and merger of Boye 1 and
2 and Ejersa SSI, the government intervention negatively affected the existing hydraulic
property relations of the users. The users' participation in organizing the design and
construction activities of these schemes was not more than participating in paid labour works.
Using top-down approaches and poor attention given to local knowledge in planning and
implementation of the SSI projects resulted in a situation of (partial) property extinction,
resulting in poor collective maintenance by the local communities. This result is consistent
with the findings of others (Yami, 2016) and reduces the willingness to maintain the scheme
on the part of the users.

In contrast, in Kulit traditional scheme, the farmers directly invested labour and money to
construct the irrigation scheme and drafted collective arrangements for its operation and
maintenance. They have a WUA that organizes the operation and maintenance and re-
construction of the river intake structure every year. Constructing irrigation infrastructure
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constituted a participatory property creation process in Kulit scheme and the WUA has
crafted clear governance arrangements based on property rights.

In conclusion, government involvement negatively affected the property relations of the
users in three of the case studies schemes and such is expressed in the weak or failing
collective maintenance performance in those schemes.

4.4.4. Evaluation of Coward's Principle Applied to the Case Studies

Coward's hydraulic property relations analysis does pay attention to the influence of outside
actors on the execution of, for instance, maintenance tasks. With hydraulic property
extinction through technical interventions (as in the case of rehabilitation and infrastructural
improvement by State actors), his theory can explain why collective governance collapses.
This provides promising insights for analyzing collapse and abandonment of SSls in Ethiopia
because of excessive sedimentation after so-called upgrading/modernization. However,
Coward's analytical framework is limited as well, because of its singular focus on property
relations, ignoring other potential factors that might explain sustained or collapsed collective
maintenance of SSls.

If we analyse and compare Boye 1 and 2 and Meri-Megari schemes based on Coward hydraulic
property relations, we can observe that both schemes witnessed intervention and investment
by the Government. However, Coward's hydraulic property theory cannot explain why Meri-
Megari scheme has collapsed and Boye scheme has remained operational.

In conclusion, Ostrom DPs and Coward's property theory cannot fully explain when an SSI
scheme is about to fail, or when a tipping point is reached when farmers decide to quit
cooperating for the process of collective maintenance. Hence, we propose an alternative
framework that complements Ostrom's DP and Coward's hydraulic property analysis. This
framework highlights the internal and external factors that influence farmers' willingness to
maintain SSI at the individual level, as well as at the collective level.

4.5. Towards a New Framework: Farmers' Willingness to Maintain

We propose a framework that comprises a list of attributes that are of key importance
understanding when the farmers' willingness to maintain the SSI would become too low,
leading to scheme abandonment. Such an understanding needs to go beyond Ostrom's design
principles and Coward's hydraulic property relations. Based on extensive interviews with
respondents from the four study schemes, our framework highlights the following key factors
that affect FWM (Table 4.3); design and construction failure, dependency on irrigation
production, trust and organizing capability of WUA's, magnitude of maintenance requirement
and farmers capability to maintain the system, hydraulic property relations, social relations,
outside interference including Government intervention, urbanization, and ethnic
heterogeneity. We raised an open question on which factors would affect willingness to
maintain SSI and then clustered and counted the frequency of certain factors being
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mentioned by respondents and calculated its percentage. Below we discuss the four
significant factors that affect all four schemes which are listed in the first four row of the table.
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Table (4.3) factors that influence FWM SSI as per the percentage of the respondents' answer. We

discuss the first four factors that have a high percentage of being mentioned for all the schemes.
(Source; interviews conducted in 2018 and 2019).

Boye Ejersa Meri-Megari Kulit
Total no of Total no of Total no of Total no of
interviewee interviewee interviewee interviewee
(29°) (30) (17) (12)
No.of | %Of | No.of | %Of | No.of | %Of | No.of | %Of
Factors affecting FWM Respo | Respo | Respo | Respo | Respon | Respo | Respon | Respo
ndent | ndent | ndent | ndent dent ndent dent ndent
Dependency on irrigation
production 17 59 24 80 6 35 8 73
Design and construction
failure (sophisticated
design) 18 62 26 87 15 88 6 55
Trust and organizing
capability of WUA 20 69 22 73 13 76 7 64
Magnitude of maintenance
requirement and Farmers'
capability to maintain the
system 21 72 20 67 15 88 4 36
Hydraulic property relations 19 66 9 30 7 41 0 0
Social relationship® 10 34 11 37 4 24 6 55
Outside interference
including government
intervention 17 59 19 63 4 24 0 0

3 The total number of interviewees per scheme including the government officials who gave interviews for all the schemes
and counted as 4 interviewees when the vote is categorized per scheme. Hence the sum total of interviewee is great than the actual respondent.

©. The presence of high social capital, developed through family lineages and neighbourhood, was an important asset in establishing social
institutions. These social institutions are called Mahber’ (religious associations), ‘Equib’ (rotational saving) ‘Idir’ (burial gathering create an

environment for the farmers to get along with each other and inspires members to collaborate to foster good friendship or neighbourhoods.

The social institutions have a positive influence on farmers’ willingness to maintain SSI.
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Urbanization ’ 7 24 0 0 0 0 0 0

Ethnic heterogeneity ® 3 10 0 0 0 0 0 0

4.5.1. Dependence On Irrigated Production

The Irrigators' willingness to participate in SSI maintenance highly depends on the level of
their dependence on irrigation for earning a livelihood. For instance, Boye 1 is functioning
because these users' group highly depends on the irrigation water and their irrigated
production. The irrigators have access to small plots, without access to alternative sources of
income that can adequately support their family. Their rainfed crop and livestock production
is low, while most irrigators maintain large families. The Boye irrigators display a keen
entrepreneurial spirit by growing cash crops out of season and collectively marketing their
produce by selling directly to the wholesaler (both increasing their returns). The profitability
of their irrigated production activities makes Boye 1 farmers willing to invest labour in scheme
maintenance, despite existing problems with design and construction of their SSI and
enforced cooperation. This finding is consistent with (Okoth & Mbugua, 2018) argument that
the people's choice to engage in communal projects is dictated by the benefits that are likely
to be obtained through their active participation.

In contrast, Boye 2 scheme users were not using the irrigation scheme during the data
collection time (February 2019). The irrigation season had started by the end of September,
yet the users didn't clean the canals until February (after the first irrigation season). One of
the main reasons for Boye 2 users' reluctance to perform maintenance is that they are not
dependent on irrigated production for their livelihood. They have access to large agricultural
plots, which they use to produce crops during summer (rain-fed) that provide them with
sufficient food and income for almost a year. They have more livestock as an alternative
source of income than Boye 1 users. This shows that most Boye 2 users are less dependent
on irrigated production than the Boye 1 users. The Boye 2 command area has recently been
incorporated in the urban zone of a nearby city, offering many irrigators the opportunity to
sell part of their land as residential area for high prices. Thus, urbanisation is a major factor
negatively influencing the Boye 2 irrigators' willingness to maintain their scheme. This finding
is confirmed by Takayama et al. (2018) who argued that the number of non-farmers or part-
time farmers increased with urbanisation, inducing significant heterogeneity among the
members of a rural community in Japan. Hence, involving all households in irrigation

7 Urbanization has a negative influence on farmers' willingness for instance in Boye 2 scheme. This scheme is close to the city and farmers
are selling their land for the residence. Even though it is not sustainable income, it seems to affect their willingness to maintain and use
irrigation.

In Boye 1 and 2 schemes, the differences in ethnicity (equivalent number of irrigators from each Ethnic group) made consensus-building and
norm-enforcement difficult. The diversity is the result of new settlers moving to the region. They came from diverse sociocultural backgrounds
and share access to a common irrigation system as they were forced to merge without considering the cultural differences, norms and existing
institutions. Hence, they have a difficult time self-organizing to govern the scheme.
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management became more difficult. Urbanization increased the value of the agricultural land
ironically decreasing dependency on irrigated production for generating a livelihood.

The Meri Megari scheme suffered from a heavy sediment load that the farmers could not
cope with, leading to its abandonment in 2017. In Meri-Megari scheme, many of the
respondents (65%) claimed that their dependence on irrigation was low, which in turn did not
help promote their willingness to maintain the scheme, since a design failure made the
maintenance burden insuperable (see next section). However, despite the sediment loads in
the river and the associated heavy maintenance burden, some users who needed irrigation
started a traditional irrigation scheme called Kulit on the same river. This proves they were
willing enough to invest the labour for sediment cleaning and irrigation system maintenance,
including re-construction of the diversion structure every year. In this scheme, 73% of the
respondents claimed they are prepared to commit a huge annual labour investment, because
they depend on the income derived from irrigated production, and they do not have an
alternative source of income to support their families.

Finally, Ejersa scheme is functioning well despite the heavy sedimentation and design
problem of the scheme. Most respondents (80%) showed that they are investing a significant
amount of labour for scheme maintenance, because of their dependence on irrigated
production for their livelihood. Since Ejersa is the fifth of the 21 schemes that have been
constructed along the same river, the scheme suffers from frequent water scarcity. This
scarcity of water re-enforces their commitment to clean their canals, so that they lose no
more water because of silted canals.

In conclusion it can be observed that the extent to which farmers depend on irrigated
production for their livelihood is recognised as one of the key factors for success in collective
irrigation management, despite the other challenges, unless they are unable to maintain it as
seen in the Meri-Megari case or when urbanisation inflates land prices so much that switching
land use from irrigation to housing becomes financially much more attractive.

4.5.2. Design and Construction Failure

Poorly designed systems that inhibit the farmers' maintenance by increasing the burden or
financial and organizational demand on the farmers can form root causes for poor operation
and maintenance of SSl as supported by findings from Ethiopia and Philippines (Bueno, 2021;
Fayisa Ertiro, 2017; Gebul, 2021; M. Yami, 2016). Design faults have been experienced in three
of the studied schemes, with Kulit traditional scheme forming the exception.

Particularly in Meri Megari scheme, a major design problem affected the ability of farmers to
fulfil maintenance requirements. It ultimately affected their willingness to maintain the
scheme, leading to its abandonment. The problematic aspect of the scheme is an inverted
syphon which re-crosses the river at a short distance from the intake. It is unclear why such a
complicated intake structure was included in the design (alternative means and sites for
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constructing a run of the river intake without inverted syphon are available). The inverted
syphon is difficult to enter to remove accumulated sediment. Most of the respondents (88%)
claimed that their inability to clean the sediment from the inverted syphon is the main reason
affecting their willingness to continue maintaining the scheme.

Similarly, in Ejersa and Boye schemes, we observed that the irrigation design for the
modernization of those schemes did not include important components like cattle-throughs
(preventing sedimentation) that the users insisted on during the design process. The absence
of farmer consultations at an early stage of the planning, design and construction of irrigation
schemes resulted in Boye 2 SSI not benefiting from an additional water source (spring water)
located in the middle of the canal. This spring used to contribute water for the downstream
users, especially during periods of scarcity. However, during the upgrading, this source was
blocked by the lining of the canal. Hence, the tailenders (Boye 2 users) received less water
than they used to, negatively affecting their willingness to contribute labour for maintenance.
Since a lack of funds affected the upgrading of both schemes, choices had to be made which
parts would be lined. Rather than listening to the users, engineers failed lining of sections
where seepage losses and sedimentation accumulation were highest. Instead, those canal
sections visible from the road (by visiting officials) were given priority for lining. As a result,
87% of Ejersa and 63% of Boye respondents indicated that the scheme improvement failed to
ease their maintenance burden, which in turn negatively affected their willingness to

maintain the scheme. These findings are in line with other studies which point at design faults
as one of the major challenges of irrigation development and management in Ethiopia (S. B.
Awulachew & Ayana, 2011; Dejen et al., 2012; Yohannes et al., 2017).

In Kulit SSI the irrigation scheme was built with local materials, based on the skill of the
irrigators themselves. The irrigators themselves designed their scheme and decided on the
alignment of the structures. They collectively reconstruct their intake every year in September
after the peak flood flow in the river has decreased. The decisions on each issue are made
based on communal agreement. Their autonomy in designing, constructing, and maintaining
their scheme within the limits of their capabilities and skills results in a high willingness to
maintain their scheme. This result is consistent with (Habtu & Yoshinobu, 2006) argument
that the traditional irrigation schemes are collectively maintained and operated by the
irrigators as they are locally and collectively constructed based on the local knowledge and
available resources.

4.5.3. Trust and Organizational Skill of WUA (Working Proactively,
Accommodative to other Suggestions and Capable of Running an
Organization)

Organizations alone will not influence resource management unless they are active. The
extent of collective action and the respondents’ answers enables us to differentiate between
organizations that have strong and weak leaders as a committee. The interviewed farmers
had varied opinions regarding the influence of WUA capability on the collective action,
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ranking the extent from moderate to great (Okoth & Mbugua, 2018). In our case study
schemes, the farmers’ participation in the scheme’s management was attributed to the WUA
leadership potential that ensured fair and equal treatment of the farmers in the scheme,
effective coordination of farmers for collective scheme management despite the
difficulty/limitations caused by the by-laws which were written by the government.

The WUA needs to facilitate collective action because maintenance activities require
coordination (Morales & Mongcopa, 2008), for example, in calling working days, determining
the labour and cash contributions of each person, and monitoring and sanctioning those who
do not participate. 73%, 69% and 64% of the respondents in Ejersa, Boye 1 and Kulit schemes
respectively claimed WUA capacity has a strong influence on their willingness to maintain. As
these committees earned the irrigators’ trust over the time, the users had good expectations
that these leaders would bring good irrigation management. Hence, the irrigators comply
with their maintenance orders willingly. As (Miao, Heijman, Zhu, & Lu, 2015) argued at places
where a higher level of social trust exists, communities will also be more willing to act
collectively for public goods. Particularly regular maintenance is more likely when there is a
strong organisation that makes these issues routine. In the above-mentioned schemes, we
observed a high level of collective action relative to the Boye 2 and Meri-Megari schemes.
The WUA of Ejersa, a scheme suffering heavy sediment loads, calls for maintenance eight to
nine times a year and the farmers comply. The WUA committees of Ejersa and Kulit schemes
use existing social institutions to get the maintenance done. These social institutions are
called Mahber (religious association), ‘Equib’ (rotational saving club) and ‘/dir (burial
society). These institutions are common practice in Ethiopia and people join any of the groups
willingly and members meet regularly on various social events and are expected to support
each other in a good times and bad (Flemmen & Zenebe, 2016). By making use of such
voluntary organisations, the effectiveness of collective action for irrigation maintenance is
increased.

In contrast, the assessment of Boye 2 and Meri-Megari schemes provides evidence that a
combination of poor trust and failing organizational capability of the WUA has a negative
influence on the FWM their own schemes. Even though the WUA of both SSlIs has the right
strategies in place, enforcement of the rules has been challenging. In the Boye 1 & 2 merged
scheme, the government's involvement in the scheme's rehabilitation that ignored the
existing arrangements negatively affected the capability, acceptance, and trust of the WUA
committee.

The forced nature of the merger already created tension between the users, which the new
committee could not overcome. From this analysis, we can conclude that the organisational
capability of the WUA committee has a positive influence on farmers' willingness to maintain
the SSI. The external interventions that undermine existing hydraulic property relations can
cause a fatal loss of trust of users in their WUA committee, undermining users' willingness to
maintain their scheme.
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4.5.4. Magnitude of Maintenance Requirement and Farmers’ Capability to
Maintain the System

Farmers’ capability to perform maintenance is one of the main factors that influences
farmers' willingness to maintain their schemes. Operation and maintenance of the case study
schemes are clearly stated as WUAs tasks in the written by-laws and the regional manual
(proclamation no 204/2017 issued by Oromia Regional State and national proclamation
841/14), but it is not clearly stated what level of maintenance is expected to be accomplished
by users. Therefore, there is no clear task division to participate in SSI maintenance activities
between WUAs and government agencies. The government did not provide a budget for
maintenance in any of the schemes, thus rendering it unable to prevent (partial) collapse of
Boye and Meri-Megari SSIs. Because of the low financial and technical capacity of the
associations, it often proves difficult for the users to accomplish this responsibility,
particularly when the maintenance burden becomes heavy as in Meri-Megari. There,
irrigators could not cope with canal cleaning because of high sediment inflow and unfavorable
design (as explained above) for cleaning. Even though they contributed both money and
labour for maintenance, the farmers were unable to collectively clean the sediment and keep
the system functional. The maintenance requirement was beyond their capacity and there
was no maintenance budget from the government. As a result, the farmers were forced to
abandon the scheme.

In Kulit traditional SSI, the sedimentation load is considerable, requiring three to four
collective efforts to clean the canals in a year. The canal cleaning for the first irrigation season
of each year takes up to a month of labour for each member. The farmers collectively perform
the maintenance as they consider the scheme belongs to them and it is their responsibility to
keep it up. In Kulit SSI, having a labor-intensive traditional diversion structure improved their
maintenance capability. The deposited sediment is washed away by the seasonal flood during
the rainy season. Thus, sediment deposition in the main canal during the rainy season is
avoided. On the other hand, the diversion structure needs to be rebuilt every year. Studies
on traditional irrigation show that in many cases traditional systems perform better than
government intervened systems (Meinzen-Dick, 2014).

Ejersa is one of the SSI systems that is being challenged by suffocating sedimentation loads.
The maintenance requires intensive labour inputs to keep the SSI in working condition. The
canal cleaning in this scheme is scheduled every month (from September/October to May).
They organize collective maintenance activities eight to nine times a year depending on the
sediment accumulation in the canal. Despite the sediment load, the WUA’s strong capability
of organizing the operation and maintenance activity (as explained above) keeps the scheme
in good working condition.

In contrast in Boye scheme, though in theory the farmers’ organization can cater for the
maintenance duties, Boye 2 users are unwilling to contribute to collective maintenance as
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they are less dependent on irrigation for their livelihoods. Moreover, technical improvements
foisted on the users by the government did not lessen the maintenance burden. The situation
in Boyel&2 merged SSI might ultimately lead to scheme abandonment when the
maintenance burden is beyond farmers' capability.

Table 4.4. The overview of factors besides Ostrom's DPs influencing FWM

Key factors affecting FWM Meri-Megari | Boye 1 and | Ejersa scheme | Kulit scheme
scheme 2 scheme

Dependency on irrigation | Less Moderate | Strong Strong

scheme influence influence influence

Design and  construction | Strong Strong Strong No influence

failure influence influence influence

Heavy maintenance load and | Strong Moderate | Moderate Less

their inability to maintain influence influence influence

Responsible/organizing Strong Strong Strong Strong

capability of WUA influence influence influence influence

4.6. Conclusion

Poor participation of smallholder farmers in irrigation infrastructure maintenance has been a
challenge in many developing countries, leading to underperformance and abandonment of
irrigation schemes. This paper analysed the sustenance or collapse of collective action subject
to contextual rather than generic principles by studying the willingness to maintain in a
process-oriented manner. We use Ostrom's (1992) design principles for robust common pool
resources (CPRs) institutions and Coward's hydraulic property relations framework to assess
whether they fully explain the collapse or sustenance of four SSls in Ethiopia.

Ostrom's (1992) design principles for sustainable collective action in irrigated settings are of
a generic nature, irrespective of contextual characteristics, such as cultural differences and
technology demands. This choice for universally applicable principles reflects Ostrom's
reliance on a rational choice theory perspective, where the (collective) behaviour of rational
actors is predicted through neo-institutional game theory. In her perspective cultural
differences, dependency on irrigated production for livelihoods and differences in O&M
requirements posed by the used technology do not feature.

Coward's (1986) hydraulic property approach attempts to link technology (hydraulic property
objects) and governance arrangements, thus paying tribute to the hydraulic context of
farmer-led irrigation systems. Yet Coward's singular focus on property relations for explaining
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success or failure of collective action in SSls, ignores other relevant aspects of the context
(e.g. technology demands, social relations, and sediment loads) that provide a better
understanding of success or failure in collective maintenance efforts by farmers.

In our own pragmatic perspective, context matters. We actively engage with a socio-technical
approach that focuses on the interplay between water, technology and social actors
benefitting from and governing SSIs. Seeking to deepen our understanding of farmers'
willingness to collectively maintain their SSI system, the four case study SSls bear out four key
sets of factors.

First, socially irrigated production may play a different role in the livelihood portfolios of
smallholder farmers. Various studies on SSI systems in African contexts have shown that
irrigated production is often only one of many livelihood pursuits engaged with by
smallholder farmers: rain-fed production, off farm employment, and livestock rearing, in
various degrees, make up the rest of the livelihood portfolio(J. Bolding, 2004). Our study
established that when the dependence on irrigated production is greater, the willingness to
maintain the SSI system is equally greater. In addition, urban encroachment, through a
process of increased value of farmland, may offer a way out of farming altogether, leading to
a decreased willingness to maintain the SSI system.

Second, the very users of SSIs may vary in the use they make of the resources offered by the

irrigation scheme (water for irrigation, water for livestock, grazing land along the scheme's
margins) making them less homogenous or uniform in their interest in maintaining the SSI
system. Equally, one may observe that user groups vary in socio-economic status and cultural
or ethnic background, providing variation (and not uniformity) in the cultural and social norms
informing leadership styles, trust and organisational capacity to perform collective action to
maintain their scheme. Our study bears out that shared membership in various local
institutions increases willingness to engage in collective maintenance activities. While
previous studies have debated how socio-economic differentiation and asymmetries in access
to water amongst users affects sustainable collective governance of SSls (Komakech, Van Der
Zaag, & Van Koppen, 2012; Ostrom & Gardner, 1993), our study shows how differences in
ethnic, cultural and social homogeneity can undermine trust and organisational performance
of users' committees.

Third, different irrigation technologies pose different maintenance demands, which in turn
ask for different degrees of organisational capacity on the governing bodies of SSls. Whilst
our study shares a bias for gravity canal irrigation systems with the studies that informed the
conception of Ostrom and Coward's theories on collective action, one can imagine that pump
driven SSI systems or SSls using drip or sprinkler technologies pose different demands on the
organisational and financial capacity of user committees (see also (Kloezen & Mollinga, 1992).
This affects the willingness of farmers to maintain their scheme. In general, one could pose
that the more sophisticated the irrigation technology, the greater the organisational (skills,
know-how) and financial demands for collective maintenance. The case of Kulit SSI shows that
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as long as users can locally mobilise the technical know-how, materials and labour required,
traditional technologies like unlined canals and temporary intake structures do not negatively
affect the capacity and willingness to maintain their scheme. Our case study SSIs show that
equally important in this respect is the technical design and construction of infrastructural
elements that diminish the sedimentation loads caused by roaming livestock and heavily
silted river water. The inverted syphon at the intake of Meri-Megari SSI system proved to pose
an insuperable maintenance burden on the users, who proved incapable of removing the
clogging sediment load inside the syphon.

Fourth, the sediment loads contained in the irrigation water at the source proved to influence
the collective willingness to maintain their scheme. Whilst farmers often prove capable of
considerable maintenance burdens in terms of labour days per annum, there is a breaking
point when their willingness to maintain dissolves in the face of the heavy burden posed.

While Ostrom’s design principles and Coward’s hydraulic property analysis shed light on
farmers' willingness to collectively maintain their SSI system, our study has highlighted
complementary, contextual factors that help determine when SSI schemes are abandoned or
sustained. Further studies should bear out what other contextual factors may affect farmers’
willingness to maintain their gravity canal SSls and when a tipping point may be reached.
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5. Suffocated by Sediment? Charting a New Way to Deal with Sedimentation
in Small-Scale Irrigation in Ethiopia through Inclusive Self-Governance

Summary

Our study on the conundrum of sedimentation in small scale irrigation (SSI) in Ethiopia
shows that irrigation development policy lacks a comprehensive strategy for sediment
management and self-governance. Lacking policy that promotes effective sediment
management and inclusive self-governance leads to low performance, underperformance,
or abandonment of many SSls in Ethiopia due to excessive maintenance burdens. This policy
brief highlights the need for inclusive self-governance by different user groups to develop
effective sediment management measures. Key policy recommendations include (1)
acknowledging the significance of before and in-season sedimentation caused by livestock-
irrigation interactions and making sure the sediment mitigation measures address this
cause as well; (2) addressing issues of confused ownership and maintenance
responsibilities; (3) improving levels of participation in land and water governance; (4)
devolving rulemaking capacity to users; (5) establishing inclusive users ‘institutions that
incorporate and address needs of multiple users, not just irrigators; and (6) bridging the
interaction of both government and users’ needs through a common platform.



Suffocated by Sediment? Charting a New Way to Deal with Sedimentation in Small-Scale Irrigation

5.1. Introduction

In Ethiopia, the government and its development partners show a growing interest in
developing small-scale irrigation (SSI) projects. However, many newly established SSI schemes
are underperforming. Some of them have ceased functioning, due to excessive sedimentation
and inadequate management caused by weak irrigation governance. Livestock-irrigation
interactions are a prime cause of sedimentation before and during the irrigation season
(Dessalegn et al., 2021). Suffocating levels of sedimentation present an enormous challenge,
drawing heavily on the maintenance budget and available labour. Facilitating collective
maintenance to clean the sediment from the irrigation system requires effective irrigation
system governance. Yet many of the livestock owners causing the in-season sedimentation
are no members of existing Water User Associations.

5.2. Problem Statement

Past policies regarding SSI management and governance have proven ineffective for two main
reasons. All previous policies were directed at minimizing sedimentation through either
measure aiming at upstream catchment conservation or technical measures to deal with
suspended sediments entering the scheme from the main intake. Both sets of measures
overlook the problem of in-season sedimentation caused by livestock-irrigation interactions.
Second, none of the past policies achieved effective forms of user governance and
participation, precipitating SSI scheme collapse and abandonment. Based on the key findings
of three research papers, we propose recommendations that would fill this policy gap.

In this policy brief, we aim to (1) review past policies identifying the key reasons behind their
ineffectiveness to remedy sedimentation in SSls; (2) summarize key challenges regarding the
conundrum of sedimentation in small scale irrigation systems in Ethiopia based on four case

study schemes and (3) provide policy recommendations to reduce sedimentation and
improve the governance and sustainability of irrigation systems in Ethiopia.

5.3. Policy Review on SSI in Ethiopia

SSI development and water management strategies in Ethiopia are not appropriate since
water utilization is inefficient (S. B. Awulachew et al., 2005). Uncertainties and ambiguities in
planning and lack of stakeholder participation are challenges that preclude achievement of
better irrigation practice. (Eshete, Sinshaw, & Legese, 2020) argue that the policy crafted for
SSlincludes adequate strategies like designing the irrigation infrastructure by considering the
physical condition of the irrigation field, hydraulic characteristics, irrigation engineering, and
management capacity of the users, among others. However, these considerations are not
fulfilled on the ground during the planning and construction phase of such schemes. Across
many levels of the government, there is no standardized approach for mapping and
monitoring existing irrigation performance; a lack of project ownership on the part of users;
lack of institutional memory; lack of inter-departmental coordination of Government offices
and lower-level administrative organs; and legal entities do not play any meaningful role in

87



Chapter 5

88

water control and conflict resolution (S. Awulachew, Erkossa, & Namara, 2010; Belete,
Kebede, Biru, & Natea, 2011; Gebul, 2021). To draft effective remedies, we will address three
major challenges for SSI sustainability, which we derived from our study of four SSis (Table
5.1) that vary in degree of sedimentation (light, medium, heavy plus one abandoned scheme).

Table 5.1. Characteristics of the study schemes (all located in Woliso, central Ethiopia)

Command
Type of No. of State of the
S. No SSI Scheme area Hectare
scheme users scheme
(ha)
1 Boye 1&2 Upgraded 56 121 Light

merged scheme sedimented

2 Ejersa scheme Upgraded 96 120 Heavily
sedimented

3 Kulit scheme Traditional 17 29 Medium
sedimented
4 Meri-Megari Modern 200 234 Abandoned

5.4. The Key Sustainability Challenges Affecting the Four Study Schemes Can Be Listed
as Follows:

5.4.1. Ignoring the Potential Causes of Sedimentation

Ignoring in-season sedimentation caused by livestock-irrigation interactions as manifested
through infrastructural damage, over-grazing, and in-scheme sedimentation. In-season
sedimentation caused by livestock-irrigation interaction is one of the key factors that is
negatively affecting the case study irrigation schemes’ maintenance and sustainability
(Dessalegn et al., 2021). Livestock causes sedimentation challenges through infrastructure
damage during livestock watering and over-grazing of both riverine and in-scheme vegetation
that precipitates sheet erosion. Remedies to control such in-season causes of sedimentation
often fall short because existing rules and regulations only apply to irrigators, ignoring other
potential users like livestock. Since livestock owners are not acknowledged SSI users or
members of the WUA, their use of the scheme is difficult to monitor or police.

Existing users’ institutions do not cater for the needs of multiple users besides irrigators.
The irrigation systems lack certain components like cattle-throughs or watering points for the
livestock to drink safely which could reduce the negative impact of livestock causing damaged
irrigation infrastructure and sedimentation (O' Sullivan et al., 2019).
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Recommendation: Inclusive, Multiple Use

To increase the effectiveness of sediment management measures, all potential causes of
sedimentation need to be considered. The regional office could pay more attention to the in-
season sedimentation caused by livestock-irrigation interaction, by developing a strategy that
recognises the livestock owners as one of the rightful users. Also, the membership of existing
users’ institutions could incorporate and address the needs of multiple users (not just
irrigators).

Involving different user groups from the very start of the irrigation scheme design would help
to include the users' concerns, such as types of infrastructure that ease sediment removal,
special needs like cattle-troughs to facilitate the multiple-use of the irrigation systems and
limit the damage caused by livestock-irrigation interaction. Limiting the interactions will
reduce canal bed vulnerability to erosion and sedimentation. The government could consider
using the existing institutions to smooth the transition rather than ignoring the issue. To
develop a comprehensive strategy for improved sediment management, irrigation system
governance, and its sustainability, each of the challenges will be discussed with a
recommendation on how they could be addressed by the different government offices.

5.4.2. Lacking Effective User Participation and Governance to Address
Sedimentation in SSI

Due to existing top-down, siloed governance structures, which inhibit the emergence of
inclusive and effective forms of governance and policing among irrigation users, livestock
owners, and responsible government agencies. Moreover, lack of user participation and
ownership in formulating/devising effective solutions to remedy the sedimentation
challenge, particularly in so-called upgraded or modernized projects which rely on formalized

Water User Associations.

In our case study schemes in Ejersa and Boye, the top-down governance structure established
after upgrading the traditional irrigation system without the involvement of the stakeholders
ruined the existing institutions responsible for collective maintenance. During the so-called
modernization of Boye 1 and 2 SSls, the regional government officials merged the two
schemes into one by constructing one concrete weir intake and lined canal despite explicit
resistance by the users of both schemes. The upgrading process ignored existing differences
in culture, ethnicity, institutions, and articulated special needs during the merger. This
created lasting disagreement between the two groups of users on co-governing the scheme.

The government’s modernization of Ejersa SSI ignored the users' special needs and suggested
solutions for the existing challenges (irrigation design that eases sediment removal for
instance canal lining where sediment deposition is higher rather than less susceptible area
since the budget is limited to line entire canals). Moreover, our analysis indicated that the
stakeholder’s participation in finding an effective solution for their case-specific challenge
(sedimentation) has been undermined as they were not given the chance to indicate the
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challenging spot for sediment cleaning and the sediment cleaning approach that the farmers
used before the upgrading indicates that their local knowledge is undermined. Both In Ejersa
and Boye the bylaws guiding user governance through a new Water Users Association had
been drafted by the regional office in accordance with a nationally endorsed template
without consulting the various user groups. The regional office used one-way communication
to inform the users about the rules they should follow (bylaws), while the decision regarding
the design and construction of the system were all made by the regional office. The drafted
bylaws apply uniformly for all small-scale irrigation schemes in the region despite their
differences in culture, challenges (sedimentation), special needs (water point) and different
users (only irrigators, or both irrigators and livestock). This uniform imposition of bylaws
without the active participation of the stakeholders hinders their effectiveness as has been
shown convincingly by the work of Ostrom (1990, 1992). Moreover, the coordination
between the irrigators and livestock farmers for the collective sediment cleaning doesn’t
exist.

Recommendations

To foster the emergence of a successful, inclusive form of self-governance by users, the
following key factors need to be addressed.

> Increasing the level of participation in land and water governance

The stakeholders’ level of participation in governing the grazing land around the irrigation
system and the irrigation infrastructure needs to be improved. The regional office should
involve the stakeholders from an early stage of the irrigation design by following a hybrid mix
of top-down and bottom-up approaches (the broader objectives are set at the regional level,
but the special needs, context-specific concerns, challenges, and solutions set by users). The
existing and desired level of participation for better self-governance is summarized in (Table
5.2) below.

» Devolving rule-making capacity to the users

The regional office could decentralize the rule-making approach to the users. The rules that
the schemes prioritize could be different responding to local needs. For instance, for Boye
merged scheme, it would be helpful to jointly draft rules that promote co-governing the
system dovetailing the interests of the two different users’ group (Boye 1 and Boye 2 users)
who presently do not maintain the system collectively. On the other hand, for the Ejersa
scheme, the main challenge is sedimentation due to livestock-irrigation interaction. This
scheme could benefit from a rule that promotes collaboration between the irrigators and
livestock farmers for effective scheme maintenance and management. Hence, the regional
government needs to give the mandate to the users to formulate their own rules that help to
govern the system effectively.

» Streaming Interaction of Both Government Departments and Different Users
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The coordination between the irrigators and livestock farmers for effective scheme
management needs to be bridged by creating a common platform to communicate, interact
and collectively take part in the maintenance. Moreover, the government system also needs
to improve their inter-departmental communication, as well as their interaction with both
irrigators and livestock farmers by communication through the common planform.

5.5. Conclusion

The existing sediment mitigation measures in SSl irrigation have not been effective since these
didn’t address all potential causes like in-season sedimentation due to livestock-irrigation
interaction and the lack of an effective, inclusive form of user governance and participation.

To promote the emergence of a successful self-governance by users and effective sediment
management measures, key policy recommendations involve (1) the regional government
could consider researching the impact of livestock-irrigation interaction to learn the extent of
the sedimentation problem caused by it and include it in the sediment management
measures; (2) regional bureaus could take the lead in developing new guidelines for irrigation
modernization/upgrade that includes the need to do a rapid appraisal of design needs by the
users, and a participatory WUA bye-law formulation workshop; (3) The regional office could
develop a strategy that recognises the livestock owners as one of the rightful users eligible
for membership of existing users’ institutions and create a platform for all users to coordinate
the irrigation management; (4) at Woreda level, the various departments responsible for
livestock grazing and irrigation could establish a working committee to coordinate actions
related to livestock-irrigation interactions.

Table 5.2 Summary of the existing and desired level of stakeholders’ participation for self-
governance and better collective action.

Existing level of participation Desired level of participation/alternative for better
governance

v Top-down irrigation development v A hybrid (mix) of bottom-up and top-down

approach (inform) (consult and involve the users from early stage)
v' Regional office formulates standard v" Rule-making capacity needs to be devolved to
WUA bylaws users
v Irrigators are the only acknowledged V" All potential users (irrigators, livestock, domestic
users of SSI users) need acknowledgement and their

interaction needs to be bridged though a common
platform or user sub-committees at WUA level
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v The user institution addresses the v Institution needs to incorporate and address
needs of irrigators only needs of multiple users, not just irrigators
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6. Synthesis and Reflection: Coping with Sedimentation in Small Scale
Irrigation in Ethiopia

6.1. Introduction

In Ethiopia, the government and development partners show a growing interest in developing
small-scale irrigation (SSI) projects. However, the performance of many of the new SSI
schemes is far below expectations. Sedimentation and inadequate management render many
SSI schemes non-functional within a short time after their modernization or new construction.
Sedimentation forms the main challenge affecting their sustainability since it draws heavily
on the maintenance budget and labour needs before and during the irrigation season
(Dessalegn et al., 2021). Moreover, the collective maintenance to clean the sediment from
the irrigation system requires a form of good irrigation system governance. So far, sediment
management mitigation measures have proven ineffective for two main reasons: Firstly, all
previous policies were directed at minimizing sedimentation either through measures aiming
at upstream catchment conservation or technical measures to deal with suspended
sediments entering the scheme from the main intake. Both sets of measures overlook the
problem of in-season sedimentation caused by livestock-irrigation interactions. Secondly,
none of the past policies achieved effective forms of user governance and participation,
capable of coping with the huge maintenance burden posed by sedimentation.

The study seeks to generate approaches and insights to better understand the causes of the
ineffectiveness of the sediment management mitigation measures and the dynamics of the
collective action underpinning those measures. First, it identifies the causes and extent of
sedimentation in four small-scale irrigation schemes. It argues that livestock-irrigation
interaction is the main cause of sedimentation during the irrigation season. Digging deeper it
seeks to disentangle the livestock-irrigation conundrum, exploring the various causes for
sedimentation and the challenges of coming up with effective solutions. An alternative
framework is presented that helps to understand the sustenance/abandonment of SSI
systems beyond Ostrom’s institutional design principles for sustainable collective action and
Coward’s hydraulic property theory. The framework analyses the process of governance in
action by addressing contextually established factors that influence farmers' willingness to
maintain small-scale irrigation systems. Finally, the thesis presents a policy brief, that contains
policy recommendations to enhance SSI sustainability in Ethiopia and beyond.

Each chapter of this thesis addresses one of the four main research questions.
» What are the major causes of sedimentation during the irrigation season? (Chapter 2)

» Which factors inhibit the emergence of effective and sustainable collective action?
(Chapter 3)

» When do SSls collapse, and what factors play a decisive role in that? (Chapter 4)
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» What are the policy recommendations that could enhance SSI sustainability? (Chapter 5)

The remainder of this chapter is organized as follows: Section 6.2 briefly answers the four
research questions by way of a conclusion. Section 6.3 sketches this study’s contribution to a
conceptual understanding of the conundrum of sedimentation and scheme abandonment in
Ethiopia. Section 6.4 presents a reflection on the main finding and used research approach in
this study, outlining possible biases while assessing the representativeness of its findings.
Section 6.5. reviews the proposed study objectives that could not be attained. Section 6.6
outlines the recommendations for future research. Finally, section 6.7 presents the overall
conclusion.

6.2. Step-by-Step Conclusion

Q1. What are the major causes of sedimentation during the irrigation season?

In Ethiopia, the sediment management strategy established in irrigation schemes is largely
ineffective. The discourse around the sedimentation of SSI schemes is based on erroneous
assumptions regarding its causes. The focus of the dominant discourse is on upstream
catchment protection, neglecting both protection against soil erosion through overland flow
along the margins of the canal network and sedimentation caused by livestock movement for
drinking from the canals and through disturbances caused by livestock grazing and
trespassing. It is unsurprising that the remedies that have been tried in the past have proven
ineffective so far. Considering the ineffectiveness of the proposed sediment management
solutions and the vital role of the mitigation measures, a deeper understanding of the extent
and causes of the sedimentation is warranted. Therefore, four small-scale irrigation schemes
in different settings suffering from variable rates of sedimentation were studied to assess the
causes and extent of the sedimentation before and during the irrigation season.

It was found that overland flow in agricultural areas, particularly on land that is susceptible to
soil erosion due to livestock trampling during the rainy season contributes to sediment
accumulation in the SSI canal network. As confirmed by (Dereje & Yusuf, 2015; Haregeweyn
etal., 2017; Kassie, 2019; Wolancho, 2012), soil erosion in the upstream catchment area is an
important sediment source whereby sediment-laden water from the upper catchment enters
the canal system through the intake structure at the beginning of the irrigation season.
However, livestock-irrigation interaction was identified as the main cause of sedimentation
during the irrigation season.

The extent of sedimentation in the canals during the pre-irrigation season in relation to canal
capacity was 100% in lined and unlined canals in Meri-Megari (abandoned) scheme at the
time of data collection (2018). The story of Meri-Megari SSl is one of a gradually contracting
irrigation command area during its first five years of operation: sedimentation caused a
reduction in irrigation potential from 200 hectares to 40 hectares. Excessive sedimentation at
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both the intake and main canal network ultimately led to its abandonment. In Ejersa SSI, a
heavily sedimented scheme, the accumulated sediment was 68% in its lined, and 84% in its
unlined canals. In contrast, the lightly sedimented schemes in Boye 1 & 2 merged SSI suffered
from 38% in its lined and 46% of its unlined canals.

Even though both upstream erosion and overland flow both contribute to sedimentation, it
is difficult to single out their contribution without detailed research. However, considering
the fact that the irrigation scheme was closed for a certain period during the rainy season, it
is safe to assume that overland flow along the margins of the canal network had a significant
contribution to the sedimentation.

Measurements in the Ejersa main canal demonstrated that the sediment inflow rate per cubic
meter increases from the intake to the furthest point, whereby sediment concentration spikes
were found at places where there was a disturbance caused by livestock interactions.
Moreover, the inconsistencies in peaks demonstrate that disturbances caused by livestock
explain the values at any point along the canal during the irrigation season, rather than
sediments originating from upstream catchment erosion. This finding highlights the
importance of an often-overlooked third cause for sedimentation: livestock. Livestock—
irrigation interactions contribute to sedimentation and canal bank damage during the
irrigation season. It also affects the water supply since livestock is a considerable water
consumer.

Q2. What factors inhibit the emergence of effective and sustainable collective action?

Irrigation-livestock interactions produce effects that are experienced as both positive and
negative. Livestock provides many benefits for improving the livelihoods of farmers. But at
the same time, their interaction with irrigation is a main cause of sedimentation before and,
especially, during the irrigation season in all studied schemes. Overgrazing, erosion, and
eventually sedimentation is frequently caused by livestock movements in irrigation systems,
clogging the main intake and canal network. Irrigated production frequently increases
prevalent livestock densities, with livestock being a favorite investment option for surplus
generated by irrigated production. Simultaneously, irrigation systems are frequently built in
former grazing areas, and canals cut through cattle access routes to lush riverbeds. This
causes a conflict between irrigators and livestock owners, though it should be noted that
these land user groups are not mutually exclusive.

The study digs deeper into this conundrum seeking to disentangle the complex interactions
between irrigators, livestock farmers, and local government by looking into the extent of
sedimentation caused by livestock; various forms of collective action controlling livestock
movements inside the irrigation perimeter, along its margins, and on grazing land; and
distinguishing various owner groups of livestock and their motives for interaction with the
scheme. These interactions explain why technical approaches are ineffective, but also why
effective collective action is not a straightforward matter. This is the missing link in the
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ongoing SSI sedimentation debate in Ethiopia that may well be of relevance in other irrigated
contexts as well. The presence of different stakeholders, who have partly overlapped
interests and who are dependent on functional irrigation systems aggravates the situation.

Top-down planning and implementation in SSls by various responsible government agencies
inhibits addressing inter-sectoral needs and undermines a sense of co-ownership and co-
responsibility among users, preventing the development of solution pathways that could deal
with the negative effects of livestock production, movement, and watering. Furthermore,
when top-down interventions in irrigation systems are implemented, livestock-irrigation
interactions are not adequately considered, resulting in aggravated conflicts.

Frequently proposed solutions to address sedimentation problems caused by livestock do not
work because they do not address underlying conflicts between irrigators and livestock
farmers. The irrigation infrastructure design was often made only from the irrigation
perspective ignoring the inter-dependence of livestock and irrigated production. It reflects a
design culture that ignores the socio-cultural context and concerns of the actual users, both
livestock farmers and irrigators, thus being unable to come up with technical/design solutions
that mitigate the negative effect of the interaction. There is no appropriate institutional
framework in place to address irrigation-livestock interactions. The WUA applies to irrigators,
while the LFA applies to livestock farmers. They each have their own institutional realm
(association). Each resource has its own property arrangement, but these cannot handle
resource overlap at the boundaries. The lack of cross-cutting (in)formal institutions capable
of policing all stakeholders' resource use makes it difficult to control non-rightful users in both
the Boye and Ejersa schemes.

The WUA committee has no authority to prevent free riders (livestock owners who are not
members of the irrigation scheme) from accessing water. It is outside the WUA committee's
jurisdiction because it concerns water use by non-members. However, in the Kulit traditional
scheme, all users are collectively cooperating because they have a strong ownership feeling
for the scheme they established, there are small members, and they have access to adequate
amounts of water. Their successful, though informal, collective action overcomes the artificial
institutional boundaries that limit formalized institutions for collective action. While it
appears that both the WUA and the LFA are properly nested in other governing networks,
such as the district office, as stipulated by another of Ostrom's design principles, the top-
down and compartmentalized approach to resource use precludes effective collective action
to control irrigation-livestock interactions in practice. Hence the talk of a missing link.

The persisting problem of sedimentation, and associated irrigator-livestock farmer conflicts
in SSl in Ethiopia, have induced the need for strategy development and recommendations for
dispute resolution.
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Q3. When do SSIs collapse, and what factors play a decisive role in that?

In many developing nations, insufficient smallholder farmer engagement in irrigation
infrastructure maintenance has been a problem that has resulted in irrigation system
underperformance and abandonment. By examining the willingness to sustain in a process-
oriented approach, the study analyses the sustenance or collapse of collective action. It
focuses on contextual rather than general principles. The study evaluated whether the four
samples’ SSls in Ethiopia were properly explained by Ostrom's (1992) design principles for
robust common pool resources (CPRs) institutions and Coward's hydraulic property relations
framework.

The design principles proposed by Ostrom (1992) for sustainable collaborative behaviors in
irrigated environments are of a generic nature, independent of local factors like cultural
diversity and technological requirements. This preference for universally applicable rules
reflects Ostrom's dependence on a rational choice theory viewpoint, in which neo-
institutional game theory is used to forecast the (collective) behaviors of rational agents.
According to her, cultural differences, varying degrees of dependency on irrigated production
for a livelihood, and variations in O&M requirements caused by the technology being used do
not come into play.

In order to honour the hydraulic context of farmer-led irrigation systems, Coward's (1986)
hydraulic property approach makes an effort to connect technology (hydraulic property
objects) and governance arrangements. Coward, however, ignores other relevant contextual
factors (such as technical requirements, social relations, and sediment loads) that could help
us better understand the success or failure of collective maintenance efforts by farmers.
Coward focuses solely on property relations to explain the success or failure of collective
action in SSls. This study concludes that Ostrom's institutional design principles and Coward's
property theory cannot fully explain when an SSI scheme is about to fail or when a tipping
point is reached for the farmers to decide quitting the process of collective maintenance
through a systematic application and evaluation of both Ostrom's and Coward's framework
for the four case study schemes.

A socio-technical method is actively used in this study to examine the interactions between
water, technology, and the social actors who utilize and manage SSls. The four case study SSls
illustrate four key sets of factors (framework) that act as a complementary and aid in
understanding when a tipping point is reached in farmers' willingness to collectively maintain
their SSI system. This is done in an effort to further the understanding of farmers' willingness
to collectively maintain their SSI system. The key factors are illustrated below.

Dependency on irrigation production: - Irrigated agriculture may, first and foremost, play a
different function in smallholder farmers' portfolios of sources of income socially. Numerous
research on SSI systems in African contexts have demonstrated that smallholder farmers
often engage in a variety of livelihood activities in addition to irrigated agriculture, including
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rain-fed agriculture, off-farm jobs, and livestock rearing to various degrees (Diemer 1990,
Bolding 2004). The research showed that the willingness to sustain the SSI system increases
together with the degree of irrigated production dependence. Furthermore, the value of
farmland may rise due to urbanization, providing a way out of farming entirely and reducing
the willingness to maintain the SSI system.

Leadership and organizational capacity: - The farmers who utilize SSIs may use the resources
provided by the irrigation scheme differently than one another (water for irrigation, water for
livestock, grazing land along the scheme's boundaries), which makes them less consistent or
homogeneous in their interest in maintaining the SSI system. Additionally, it is possible to
note that user groups differ in terms of economic status as well as in terms of cultural or
ethnic background, resulting in variation (and not uniformity) in the cultural and social norms
that influence leadership styles, organizational capacity for collective action, and trust.
Moreover, the different irrigation technologies have distinct maintenance requirements,
which in turn ask for different degrees of organizational capacity on governing bodies of SSls.
This in turn influences the farmers' willingness to maintain their scheme.

Sophisticated irrigation design and construction: - The study SSIs demonstrates that farmers'
willingness to maintain their SSI is significantly influenced by the technical design and
implementation of infrastructure elements that diminish the sedimentation loads caused by
roaming livestock and heavily silted river water. The inverted siphon at the intake of Meri-
Megari SSI system proved to pose an insuperable maintenance burden on the users, who
proved incapable of removing the clogging sediment load inside the siphon. One could argue
that the organizational (skills, know-how), financial, and maintenance demands increase with
the sophistication of irrigation technology. The example of Kulit SSI demonstrates that
traditional technologies like unlined canals and temporary intake structures do not adversely
influence users' capacity and willingness to maintain their scheme as long as they can locally
mobilize the technical know-how, materials, and labour required.

Sediment load and maintenance Burdon: - The sediment loads contained in the irrigation
water at the source proved to influence the collective willingness to maintain their
scheme. There is a breaking point when farmers' willingness to maintain dissolves in the face
of the high strain offered, even though they frequently demonstrate their capacity for
considerable maintenance burdens in terms of labor days per year.

Even though Coward's hydraulic property analysis and Ostrom's design principles provide
insight into farmers' willingness to collectively maintain their SSI system, the study has
highlighted complementary contextual aspects that influence when SSI schemes are
abandoned or sustained. A tipping point may be reached, and further research should confirm
whether other contextual elements may influence farmers' willingness to maintain their
gravity canal SSls.
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Q 4 What are the policy recommendations that could enhance SSI sustainability?

The study review past policies to address sedimentation in SSIs and why they have been
unsuccessful. Based on the four case study schemes, the study summarizes the main
challenges found in the study concerning the problem of sedimentation in small-scale
irrigation systems in Ethiopia. It provides policy suggestions to improve the governance
and sustainability of Ethiopia's irrigation systems and decrease sedimentation.

The existing sediment mitigation measures in SSl irrigation have not been effective since these
didn’t address all potential causes for sedimentation, like in-season sedimentation due to
livestock-irrigation interaction and the lack of an effective, inclusive form of user governance
and participation. The suggestions are listed below.

1. The regional government could do further research to discover the extent of
sedimentation caused by livestock-irrigation interaction

2. The regional bureaus could conduct an assessment on user’s design demand and
formulate WUA by-laws with users’ participation specially during the upgrade.

3. The regional Bureaus craft a policy that acknowledge the livestock owner as one of
legitimate users of SSI.

4.  Create a platform for all stakeholder to coordinate irrigation management

6.3. Scientific and Societal Relevance of this Study

6.3.1. Scientific Contribution

The present study attempts to address multiple gaps and in doing so makes important
contributions. One of the biggest challenges affecting the performance of SSI schemes is
linked to canal damage, sedimentation, and the corresponding maintenance burden.
Sedimentation problems due to livestock-irrigation interactions were first noted as a big
problem in 1965 in Rhodesia (Roder, 1965). However, this cause has been overlooked for
decades. The study reconfirms that sedimentation in small-scale irrigation is a big issue and
livestock movement has a big role in destabilizing the canal bank, increasing the land
susceptibility to erosion, and contributing to the sedimentation because livestock density is
higher in irrigation settings.

Second, this study contributes to the conceptual debate concerning the causes of
sedimentation. Most studies identify erosion in the upper and middle river catchment as the
main contributor to sedimentation. High sediment loads travel through the intake structure
of the irrigation system and build up in the canal network, causing excessive sedimentation
(Dereje and Yusuf, 2015; Wolancho, 2012; Kassie, 2019; Haregeweyn et al., 2017). Other
studies (Gurmu et al., 2019) have shown that the reasons of sedimentation vary depending
on how different stakeholders perceive them. Most engineers attribute sedimentation to
design issues, whereas others attribute it to erosion in the upstream river basin and a lack of
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suitable technology and material. The study contributes to acknowledging the other sources
and filling the knowledge gap that livestock-irrigation interaction is the main cause of
sedimentation during the irrigation seasons. The lack of acknowledging this source of
sediment is one of the possible reasons why commonly proposed mitigation measures are
ineffective.

Moreover, it also contributes to the understanding of the challenges of effective collective
action to maintain SSls, particularly in multi-use irrigation systems. This study integrates
insights from two theoretical approaches, viz. Ostrom's (1990) design principles for long-
enduring, self-organized irrigation systems, and Coward's (1986) hydraulic property
framework, to assess scheme performance, sustenance, or collapse by testing these
conceptual frameworks on their empirical validity and identifying additional factors that play
a decisive role in farmers’ willingness to maintain their SSI. In doing so, it expands previous
studies (theories) that have been developed based on a general perspective. The study
explores factors that help explain the sustenance or collapse of multi-use SSI systems by
studying the farmers' willingness to maintain their SSI, using an empirically based analytical
framework that applies contextual rather than generic principles in a process-oriented
manner. This analytical framework yields lessons to the factors that analyse and explain the
process of collective governance of SSIs and opens the door for further research to identify
when the tipping point may be reached and what other contextual factors may influence
farmers' willingness.

6.3.2. Societal Contribution - Lessons Learned

Presenting the experience of successfully maintained irrigation like the Ejersa SSI scheme can
give a good indication of how to organize successful collective action that can sustainably
maintain the irrigation system. The lesson learned from this scheme is that trusted and
proactive WUA committee members constitute one of the key factors influencing the
collective maintenance of irrigation systems. Their experience in coordinating the actions of
fellow irrigators by building trust and using various social institutions to coordinate the
sediment cleaning responsibility shows us what can be done by committed leaders.

Moreover, the Kulit traditional SSI can be a good example to learn how to manage the
livestock-irrigation interaction and coordinate irrigation maintenance by avoiding the
difference between livestock owners and irrigators and working on their responsibility of
sediment cleaning for better collective action. How these farmers collaborated to clean the
sedimentation as well as the way they created the system for an effective collective action
could be a good insight for other farmers to manage the irrigation systems effectively. This
finding contradicts dominant beliefs in the Regional Bureaus that traditional irrigation
ventures using temporary intake structures are bound to fail. Rather the opposite has been
found true — once such schemes become subject to modernizing efforts through the merging
and making permanent of intake structures (as was done in Boye 1 & 2 SSI) the collective
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activities to clean canals, which existed before, are somehow destroyed. This calls for a more
sensitive, bottom-up approach when initiating and implementing modernization and
improvement efforts.

This thesis also contributes to the lesson of understanding the design and construction factor
that inhibits the farmers from maintaining the irrigation system. Proper small-scale irrigation
design that includes the necessary components like cattle throughs, sediment traps or
infrastructure can ease the collective burden of sediment maintenance. On the other hand,
the lesson from the Boye scheme indicated that an upgraded irrigation scheme without due
consideration of culture, norms, and existing institutions before the design and construction
could lead to worsening the situation rather than improving the water supply and
sustainability of the irrigation system.

Furthermore, the higher institutions in Ethiopia that provide bachelor’s or master's degree
training in agricultural science need to train the students that addressing the socio-technical
aspects of small-scale irrigation is equally important as the engineering aspects of the
irrigation systems. The institutes should pay more attention in their curriculums to how
societal aspects impact the sustainability of the irrigation system and include practical lessons
on how one could sustain or help farmers to sustain their irrigation system.

6.4. Reflection on the Major Finding and Research Approach

6.4.1. Reflection on the Major Results

The results of this thesis are relevant to other small-scale irrigation systems in Ethiopia as well
as sub-Saharan African countries. The knowledge of the causes and the extent of
sedimentation in irrigation schemes confirms that sedimentation is a big challenge that
requires a massive amount of labor and money for scheme maintenance that hinders
irrigation sustainability in most parts of Ethiopia and sub-Saharan Africa. As a result, the
extent of the problem aligns with the findings of (de Sousa et al., 2019; Awulachew and Ayana,
2011; Aynekulu Ermias et al., 2009; Bhatti et al., 2021; Depeweg and Méndez, 2002; Gurmu
et al., 2019; Adongo et al., 2020). By indicating that livestock-irrigation interaction is the main
cause of sedimentation during the irrigation season, the findings in my opinion confirm that
the sedimentation problem is due to livestock-irrigation interaction which was first noted in
1965 in Rhodesia (Roder, 1965).

The negative impact of livestock-irrigation interaction, as a result, is consistent with research
findings (Parker and Williams, 2012; Vidon et al., 2008; Madden et al., 2019; O'Sullivan et al.,
2019; O'Callaghan et al., 2019; Roder, 1965; Ebling et al., 2020). | agree that the livestock
interaction with water courses is a separate erosion and sediment source. However, most of
the previous research (Gurmu et al., 2019; Dereje and Yusuf, 2015; Wolancho, 2012; Kassie,
2019; Haregeweyn et al., 2017; Wilson, 2007; Descheemaeker et al., 2010) has focused on
determining the sources of sedimentation in the catchment during the rainy season, ignoring
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the in-season sedimentation. | believe this is one of the reasons why sediment management
measures are not effective. | argue, identifying all year-round possible causes of
sedimentation is one of the major steps in developing effective sediment mitigation
measures.

| believe the lessons learned from the livestock-irrigation interaction conundrum; would
appeal in many small-scale irrigation schemes in African countries. It could provide a solution
for the irrigation governance problems; by shedding a light on what needs to be addressed to
create an effective collective action for a multi-user irrigation system.

Irrigation governance is the major challenge to irrigation sustainability in Africa (Solomon et
al., 2014; Mutambara and Munodawafa, 2014; Moris, 2019). collective action is the key to
sustaining the irrigation schemes, and | think creating it requires bringing the stakeholders
together to enhance cohesiveness, responsibility, and accountability in their service to the
small-scale irrigation scheme. Creating a sense of ownership and responsibility by creating a
common user group or including all users in a sub-user group of the main user group and
providing a common platform for all the users to communicate can be a key factor in achieving
sustainable collective action.

The analytical framework developed in the study includes a list of key contextual factors for
determining whether farmers' willingness to sustain the SSI would become too low, resulting
in scheme abandonment. It in my opinion can provide insight into the components that
analyse and explain the collective governance of SSls, and it also provides a starting point for
future studies to determine when the tipping point may be reached and what additional
contextual factors may affect farmers' willingness to maintain the irrigation scheme.

6.4.2. Reflections on the Methodology

The methodology applied in this research was chosen to understand the causes of
sedimentation and farmers’ willingness to collectively maintain their small-scale irrigation
scheme. This study selected four small-scale irrigation schemes in two districts that have
different characteristics like different sediment loads (light and heavy), representing either
traditional, modern, or upgraded small-scale irrigation schemes to learn how these schemes
compare with one another and empirically establish the factors that affect their sustainability
under different contexts. Understanding the sedimentation and collective action process for
sustaining the irrigation systems requires a variety of methods, including sediment
concentration measurements and getting to know the place, the infrastructures, and the
users by following the water, both on my own and through informants. By making use of
multiple methods, the interlinked aspects of how people are attached to a place and to their
environment, and information on the schemes' operation and maintenance practices and the
interaction with livestock and livestock farmers were uncovered.
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I have also discussed preliminary analyses with key informants in an iterative process to verify
and validate my interpretations of the results. In another effort to check my own
interpretations and analyses. This study has relied wholly on multiple qualitative methods.
This methodology provides in-depth information about the study areas. By using semi-
structured, open-ended interviews rather than surveys or questionnaires, | have been able to
collect more in-depth empirical material. The questions asked, in interviews and surveys,
could have been similar, but the interview situation provides direct contact with the
interviewees and allows for opportunities to elaborate and follow up questions. Gaining
access to information, either through interviews or focus group discussions did not represent
major challenges during the fieldwork. One of the main challenges | had during fieldwork was
a lack of access roads during the summer (rainy season) to the irrigation schemes, especially
for Kulit traditional scheme and the Meri-Megari modern scheme. Hence, | was unable to
measure the accumulated sediment before the irrigation season in Kulit traditional scheme.
For the rest of the scheme, even though the road was a challenge, | managed to collect
sufficient empirical material with the cooperation of the WUA leadership, and most farmers.
Except for a few people who were either not able to or not interested in meeting me, | was
well-received in both districts.

To avoid the risk of bias, and potential shortcomings of the methods applied, the selection of
interviewees was initially based on informants’ geographic location with respect to the
irrigation scheme (head, middle and tail end users), females, elders, livestock holders, and
government officials. Attempts were made to include a larger group of informants, but not
everyone that was approached was interested in participating in the research project. A few
did not find the time or did not want to talk to me, but this is a common issue when
undertaking interviews. The final sample of interviewees was considered acceptable because
the collected information reached a level where no new insights were added beyond the ones
that had already been expressed. | gathered secondary data from the district and a regional
office that have had a stake in the respective schemes.

This Ph.D. project is presented as a collection of articles on various themes from the case
study schemes, and they cover different aspects of the research material. Presenting a PhD
study in a monograph would have allowed more scope to both include, and elaborate upon,
the empirical material collected during this project. The rationale behind presenting the PhD
results as a collection of published academic articles is to make my research easily and quickly
available.

6.5. Proposed Study Objectives that could not be Attained

Identifying an optimum operation arrangement to reduce sediment deposition in the canals
and assessing its implication on the sustainability of the scheme was originally proposed as a
key element of this study. This could have allowed investigation of the possibility of instituting
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a different operational plan for water distribution to reduce sediment deposition in both a
lightly and heavily sedimented SSI scheme. However, a lack of measuring equipment and
suitable conditions for measuring sediment deposition in different parts of the canal network
precluded the execution of this part of the study.

Qualitative and quantitative data collection was proposed to take place during at least two
irrigation seasons. However, | was unable to pursue this objective for two main reasons: one,
due to the Covid-19 outbreak and the travel restrictions imposed by Wageningen University,
| was unable to do the second-round fieldwork for the second irrigation season which was
supposed to take place in the 2020/2021 season. Second, due to the deteriorating safety and
security situation in the study area (local instability and lawlessness) caused by the civil war
between TPLF and the Ethiopian military, further fieldwork was not feasible®.

6.5.1. Positionality and Possible Biases of the Study

| am a graduate of hydraulic and water resources engineering with a bachelor of science from
Arba Minch university and a Master's in water science and technology from India agricultural
research institute. Both my B.Sc. and Master's courses were exclusively focused on the
engineering aspects of the water resources project. Hence, | had a frame of mind that thinks,
I am an engineer who can design the engineering infrastructures for water resources, and never
considered the sociotechnical influence of the sustainability of the systems. | carried this
awareness until | started the PhD. Hence, lack of awareness and practical experience on the
social-technical aspect of the water resources system might have challenged me to objectively
describe the relationship as it existed (reality). Since reality is impossible to describe (Holmes,
2020). Furthermore, women are rare in the Ethiopian irrigation sector, which is dominated by
men, particularly in formal institutions. My being a woman, may have produced a
contradictory effect on the interviews | held and the respondents | interviewed. Some male
respondents may not have taken my queries on irrigation engineering aspects very seriously,
feeling disinclined to share technically relevant information or information that relates to the
male-dominated domain in irrigated farming and engineering. On the other hand, women
respondents may be inclined to share more sensitive and crucial information on their
livelihoods and practices with a woman than with a male researcher.

Moveover, the security situation in Ethiopia required me (as a researcher who doesn’t speek
their language and woman ) to hire an assistant and translater who was well respected and
feared in the area for his military acumen. This was important to allow the possibility to
enable the doing of fieldwork in uncertain and unsafe times. However, it may have produced
certain biases — Respondents might have felt intimidated and not disclosed all relevant
aspects of their irrigated livelihoods. Moreover, it made the researcher difficult to approach,
informally. The latter normally allows a researcher to receive more insights into what makes

° My field work assistant and translator were murdered for reasons not yet known to date.
May he rest in peace.
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an irrigation system or household tick, giving an edge akin to ‘reading between the lines’. It
also constrained the researcher’s room for maneuver — all field visits had to be planned, and
often involved forms of motorized transport (As some of the schemes are located in remote
areas). This constraint resulted in a considerable reduction in the possibility to build relations
of trust with respondents, for which casual meetings are often paramount. It also made an
overly formal setting to research interactions almost inevitable, which creates the undesired
effect of eliciting socially desirable answers on the part of some respondents.

The Covid-19 outbreak and its subsequent restrictions during the pandemic have resulted in
a number of constraints and possible biases. The second fieldwork period which was key in
deepening the qualitative aspects of my study had to be postponed several times because of
travel restrictions. When it ultimately took place, | had to keep it short and very targeted on
aspects | considered essential for the validation of key aspects of my research. Thus, a more
thorough follow-up on initial research insights could not be undertaken. Once, in the
Netherlands, other constraints during the writing face had to be overcome. Intermittent
closures of child-care facilities seriously reduced the possibility for concentrated periods of
analysis and writing since part of my time had to be spent on taking care of my two children.
Hence a number of supporting training events had to be foregone. It also made the writing
phase less efficient than could have been without Covid-19.

6.6. Future Research

This section discusses two main limitations of the chosen research emphasis and approaches,
which warrant further research. First, one of the limitations relates to the livestock-irrigation
interaction, which this thesis argues is one of the main causes of sedimentation during the
irrigation season, as proven by the four-case study small-scale irrigation schemes. However,
sediment concentration measurements took place only in one scheme for one irrigation
season due to the lack of instruments that could be used during the same irrigation season
and the above-mentioned challenges. Considering this, it is recommended to undertake
further research to evaluate the extent of sedimentation in a variety of small-scale irrigations
for more than one irrigation season to validate whether livestock-irrigation interaction is the
main and significant sediment cause during the irrigation season.

The second limitation relates to the challenges of collective action, particularly for multiple-
use irrigation systems. The proposed analytical framework pays tribute to factors that analyze
and explain the process of farmers’ willingness to undertake collective governance of SSls and
their sustainability. While Ostrom's design principles and Coward's hydraulic property analysis
shed light on farmers' willingness to collectively maintain their SSI system, The study has
emphasized supplementary, contextual elements that influence whether SSI programs are
maintained or abandoned. There is a varied range of elements that affect collective action in
various circumstances. Therefore, further studies should bear out what other contextual
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factors are embedded in a specific socio-technical context that may affect farmers' willingness
to maintain their gravity canal SSls and when a tipping point may be reached.

6.7. Overall Conclusion

The research on sedimentation and farmers willingness to maintain their own small-scale
irrigation system has provided more insights about the conundrum of livestock-irrigation
interaction and the reason why collective action is not straight forward. The findings suggest
that a policy gap exists that influences the sustainability of irrigation systems. The research
shows that the policy support sustaining small-scale irrigation systems is weak and lacks clear
strategies to facilitate smooth user-based operation and maintenance of the irrigation
systems. Strategies for development and dissemination of technologies or modernization of
the systems also face an implementation challenge due to the weak capacity of the
agricultural extension system ‘on the ground’ and the improper use of the outreach programs
for political purposes. Therefore, policy actors at national and regional levels should aim to
address the policy gaps by designing clear strategies for the key challenges. Similarly,
development partners could strengthen their support to policy processes. For irrigation policy
and governance to be successful, various actors must be able to work together for sustaining
the irrigation systems and to ensure equity in and sustainability of water use. These actors
include water users, Government offices, engineers, developing partners, and researchers.
As an engineer and researcher, | am firmly committed to contribute to this goal.
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Summary

Small-scale irrigation development is considered a key strategy for developing countries to
maintain food security and eradicate poverty. However, its expansion in sub-Saharan Africa
has experienced an endless loop, with new systems being constructed while a majority of
the existing systems underperform, with some being partially or fully abandoned. Excessive
sedimentation and inadequate maintenance are the major causes of underperformance
and abandonment. It has proven impossible to mobilize sufficient funds and labour to
perform proper and timely maintenance. The existing mitigation strategies for sediment
management in small-scale irrigation have not been successful for two reasons. First, all
prior policies were focused on reducing sedimentation either through measures aimed at
upstream catchment conservation or technical measures to deal with suspended
sediments entering the system from the main intake. Both sets of measures overlook the
problem of in-season sedimentation caused by livestock-irrigation interactions. Second,
none of the past policies achieved effective forms of user governance and participation,
precipitating SSI scheme collapse and abandonment.

To fill these gaps, this study considered four small-scale irrigation schemes in Ethiopia,
which differ in sediment-loads (light to heavily sedimented) and functionality (traditional
and modern, fully functional and abandoned). Both a qualitative and quantitative approach
was used to analyse four specific research questions. First, the study determines that
livestock-irrigation interaction is the primary factor causing sedimentation during the
irrigation season. Second, the study disentangles the livestock-irrigation conundrum and
explores the challenges of coming up with effective solutions, such as collective action for
canal cleaning. Thirdly, the study presents a framework to understand sustenance or
abandonment of SSI systems that goes beyond Coward's hydraulic property theory and
Ostrom's institutional design principles for sustainable collective action. It addresses
contextually established factors that affect farmers' willingness to maintain small-scale
irrigation systems, thus engaging with the governance process in action. Finally, a policy
brief is presented offering suggestions for improving SSI sustainability in Ethiopia and
elsewhere. The study concludes that policy support for small-scale irrigation systems is
weak, lacking clear strategies to ensure the irrigation systems' efficient user-based
operation and maintenance. Strategies for the development and dissemination of effective
technologies through the modernization of systems also encounter severe implementation
problems. The thesis ends by charting a way for all stakeholders (regional office,
development partners, users, researchers, engineers) to create a clear and effective
strategy that addresses the key challenges affecting the SSI sector.
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RINTE oS ATPE 9P PAEST ATIAMNP AG LUTTT ATITét BAG avA +LCH LOASA: TIC T
NAYe 0F Qi PAGSN AIET NN At KIP4AT AoPar@-Fd: TN 10C PATPF (hdd OL9°
av-e Aavs WAt PUI8AM (LUPZP° AT (el APOC PA@. PAS8N PaPAS NS PT
(PPGFD- 0pLIPPET PAFPT AT 0098900 GF @ aPATPTF NADN: AIATDNT AF8LAM- AS
QM3 3O W8P AP AN FA W8T LT PPhISHT aPhhdE 1920 AG NaPAT
0PF QAT haom? PAL LA aPav-At: (18 PALPT PLAA MED APAUIP L AS OPFR P19 9910 PG
PCPE @z ANDT AG OPFP TIGT ATTNGOT TTHAS PAD- ULA ATl AH8A 076k Tt
PavanFA: OAINAS O aoalt ATHT AL PAD-T PRAA hITT Pavdint ACPPEPT Nu-at PPNIPRT
M3 AP AAFAP:  (1008ang® 0287 v-Akg® $LIVF 0700, ANANTF NALTD. 200 AL
PILLMELAT PRE.C TPACHC AS PP AL PHhe. ORI P Fhihd avAPFT Neemdbd® haTHTF OL
a(Q ASOF I NFT 044 LANCT Pardh hATT AR e+NG ACIPEPT aOPGF@- 1@< (H Y9
PhIet PRAN PP ACPBM Fo4F oot Aov-f: PUILARS NATNNT-0PAS avptINC PPRTPT
PILLMLDY LAA TA £ 102 (R, TI49° 70 PE T PTLOT PANE PIPGTFD- AA TG 10 QY
TCF MATERP AT PTLTTE Adt RIOHS PaPAT av(lt ATIRFT Favdhhd:: TGk héet 09PCI°C
TPEPTT APCO PaoAG AUPT aPLEPET APANANG AdP7HT AR1FP (qualitative) AS e°mGP
(quantitative) H&PFT +mPoLh: PP ALLELTI® NLAA-NIOTF (PAA AT hAL): NALYTTH
(WAR AS HOPSP) WPLU9° NAINTINT AOMT (a0t (9ot ORI (NLA AININCT $R4m) aoh§
QEOTT ATTEA: PPGE @Mt PTLLAPDGP (100 avs P 8LF P0G @PF LAN W 14.MC PRILD-
PNt CAMATS PaPOF o EINC APPEY ALOIMA = PR QUATE £24F o0 ¢ AIAPTY
a9 NPAPT NaPaANT $LIOF 0LAA 0P aAPT PATF@.T gt (19028 @, FT) Paveity,
VANTFY meTlAz (OOTS £48T PO: PRIV ao0G 18 HARYTT DRI° hAaPmPI®T AavlSt hPCe:
VLCAh TETCt (Coward Hydraulic Property) 784. Y40l AS halrtC™ 4HLT TSMTAN
(Ostorom Design Principles) 081C HAGFP 0.4~ H0CT ATPLST 0TLLNTA 184 aPPPC APCOA =
ACO-ALCE RIS PaoOT 18 0FF AP AG ATPMT? PAFO-T GO 07170k 10D+ AL, P+av( /o
h0+F7 (Contextually established factors) 404z NePRZA NAACEE AS NANT Ut
PRINTS @IS 18 HARYFY ATTAGA UANTT PTTAT ARG 0700, a0, APCAA: TGE TIm A
P, 040@- PRINTE aPNG AL ANTARETT L0991 PaoNG M PILMT aOALF PALLT K TICPTY
ATINGPT AARKS IF h(1G-C PAMATFD: aoPry 1@ (MHaa749° a0 AL ATTHAY PP T
NG ABPTT eaota0C FACTP A28 T8AA: N0PRLA Mu-d® AAECA AnAT 1790T9P: Phivde
aQHRLCE PATTE WICTE A PTLPTE FavlTIGPF WG IEATF E RRINES aPAS HCET &CH
PraoANE BAG TUGCETT APPLGE PTLLNTAFD- FAK hS M3 (Fe-EE, APEMC PULeATA
a8 hPCO A=
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