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[bookmark: _Toc235091564][bookmark: _Toc224621994]EXECUTIVE SUMMARY
 The Ministry of Agriculture commissioned the Ethiopian Institute of Agricultural Research (EIAR) to assess the performance and current status of 114 community-managed (75) and household-managed (39) irrigation schemes across Ethiopia. The study evaluated both internal performance indicators —including conveyance efficiency, distribution efficiency, application efficiency, distribution uniformity, storage efficiency, and overall irrigation efficiency and external performance indicators such as land productivity, water productivity, relative water supply, relative irrigation supply, irrigation ratio, and sustainable irrigated area. The assessment was intended to identify key performance gaps, establish benchmark values, and inform future policy and investment priorities.

Main findings
· Irrigation performance was generally low across the assessed schemes: Average conveyance efficiency was about 76%, while overall irrigation efficiency averaged only 31%, showing substantial losses from water abstraction to field application. 
· Application efficiency was the weakest internal indicator: Average application efficiency was about 49%, and only a small proportion of schemes met the FAO-recommended benchmark of 60%. This indicates major weaknesses in field-level water applications. 
· Distribution and storage performance were also below desirable levels: Distribution uniformity averaged 78% and storage efficiency averaged 64%, but many schemes remained below acceptable standards, indicating uneven water distribution and poor root-zone moisture replenishment. 
· Community-managed and household-managed schemes faced different performance constraints: Community-managed schemes were more affected by canal siltation, seepage, weed infestation, canal cracking, damaged control structures, and weak routine maintenance. Household-managed schemes generally performed better but were strongly constrained by poor field-level water application, weak irrigation scheduling, unreliable energy for pumping, and inadequate technical support. 
· Water supply was frequently misaligned with crop demand: Both over-irrigation and under-irrigation were common. In some schemes, irrigation supply substantially exceeded crop requirements, while in others it fell well below required levels, indicating weak water control and poor scheduling. 
· External performance indicators showed wide variation: Household-managed systems generally outperformed community-managed schemes in land and water productivity, partly because they exercised tighter control over water use and more frequently produced high-value horticultural crops. 
· Command area utilization was inconsistent: Some schemes had expanded beyond their original design area, while others operated well below their planned command area, raising concerns about both efficiency and long-term sustainability. 
· The study generated benchmark values for major performance indicators: These provide a practical baseline for identifying underperforming schemes, targeting support, and monitoring improvement over time. 
Policy implications
· Irrigation expansion alone is insufficient to be considered as good indication for sustainability of irrigated areas: New schemes will not deliver the expected benefits unless existing schemes perform more effectively. 
· Irrigation underperformance is a systems problem: Poor results arise from interconnected technical, institutional, managerial, and agronomic constraints rather than from a single factor. 
· Different scheme types require differentiated policy responses: Community-managed schemes need stronger attention to infrastructure rehabilitation, sediment control, water regulation, maintenance systems, and WUA strengthening. Household-managed schemes need stronger support for field-level water management, irrigation scheduling, reliable pumping energy, and irrigation-specific extension. 
· Routine maintenance in community-managed schemes depends on stronger WUA capacity: Policy should focus on building the organizational, technical, and enforcement capacity of WUAs rather than relying mainly on public financing of recurrent maintenance. 
· General agricultural extension is not enough for irrigation: Farmers need irrigation-specific guidance on crop water requirements, irrigation scheduling, soil moisture management, field application, and crop planning under limited water conditions. 
Priority recommendations
· Rehabilitate critical infrastructure in community-managed schemes: Repair damaged canals, diversion structures, control structures, and night-storage ponds; line seepage-prone sections; and protect vulnerable intakes and embankments. 
· Link irrigation development with watershed management: In sediment-affected schemes, support catchment rehabilitation, soil and water conservation, check dams, silt traps, and settling basins to reduce sediment inflow. 
· Improve field-level water management: Promote land leveling, proper furrow alignment and sizing, simple inflow control, and practical irrigation scheduling based on crop stage, soil conditions, and water availability. 
· Strengthen WUAs in community-managed schemes: Improve leadership, bylaws, conflict resolution, water allocation procedures, and capacity for routine operation and maintenance. 
· Strengthen/Introduce Irrigation-Specific Advisory Services: Strengthen the irrigation extension service provide technical support on crop water requirements, irrigation scheduling, soil moisture assessment, seasonal water budgeting, and field-level water application. 
· Shift from construction-focused investment to lifecycle asset management: Irrigation policy should give equal attention to operation, maintenance, rehabilitation, and periodic modernization of existing schemes. Dedicated financing and clear responsibility-sharing among government, WUAs, and users should be established to keep schemes functional, productive, and sustainable beyond initial construction.
· Improve access to irrigation energy in household-managed systems: Promote affordable pumping technologies, including solar-powered systems where feasible, supported by financing, training, and maintenance services. 
· Ensure water-constrained irrigation planning: Expansion of irrigated areas should be guided by reliable water availability, crop water requirements, and water balance assessment rather than land development targets alone. Where water is limited, irrigated area, cropping pattern, and irrigation scheduling should be adjusted to improve reliability, equity, and water productivity. Where water is adequate but irrigated area is declining, schemes should be revitalized by addressing infrastructure, water distribution, input, market, and institutional constraints.
· Promote crop diversification based on water availability and market opportunity: Irrigation development should support diversification from low-value cereal-dominated systems toward economically viable and locally suitable high-value crops guided by reliable water availability, soil suitability, farmer capacity, input access, and market demand, and should be supported by capacity building in all aspects of agricultural productions and value chain.
· Improve access to agricultural inputs and crop support: Ensure timely access to fertilizers, improved seeds, pesticides, soil amendments, agronomic training, and pest and disease management support. 
· Institutionalize irrigation performance monitoring: Use the benchmark values established by this study to identify underperforming schemes, prioritize interventions, and monitor progress over time. 
· Adopt an integrated irrigation performance improvement framework: Irrigation performance improvement should not rely on isolated interventions. Future support should combine infrastructure rehabilitation, watershed and sediment management, O&M financing, on-farm water management, WUA strengthening, irrigation-specific extension, energy access, input supply, crop diversification, market linkage, and routine performance monitoring into one coordinated improvement package.
Concluding message
2

The study shows that improving irrigation performance in Ethiopia requires a shift from a narrow focus on infrastructure expansion toward a broader agenda of performance improvement, maintenance, farmer support, and institutional strengthening. In community-managed schemes, the priority is stronger infrastructure conditions, sediment control, water regulation, and WUA capacity. In household-managed schemes, the priority is better field-level water management, irrigation-specific support, reliable energy access, and stronger access to inputs and crop support. A coordinated response in these areas is essential for improving irrigation efficiency, equity, productivity, and long-term sustainability.
[bookmark: _Toc231277720][bookmark: _Toc235091565]INTRODUCTION
1.1 [bookmark: _Toc231277721][bookmark: _Toc235091566]Background and Rationale
Ethiopia is endowed with substantial water resources at the national level. The country has 12 major river basins that generate an estimated 124.4 billion m³ of annual surface runoff, in addition to approximately 70 billion m³ of lake water and about 30 billion m³ of groundwater resources (Berhanu et al., 2014). However, these aggregate figures mask pronounced spatial and seasonal variability in water availability, which often results in localized and temporal water scarcity. As a result, the effective development, management, and utilization of water resources remain central to Ethiopia’s agricultural transformation and broader socio-economic development.

Agriculture remains highly dependent on rainfall, making production vulnerable to rainfall variability, recurrent drought, and climate change. In this context, irrigation development has become a strategic priority for improving food security, stabilizing agricultural production, increasing crop productivity, and enhancing rural livelihoods. Irrigation also plays a critical role in reducing dependence on erratic rainfall and strengthening the resilience of smallholder farming systems.

The National Irrigation Strategy (2021–2030), aligned with the Ten Years Development Plan (2021–2030), emphasizes the expansion of irrigation infrastructure, improvement of water-use efficiency, and enhancement of the productivity and sustainability of irrigated agriculture. The strategy gives particular attention to small-scale irrigation, public-private partnerships, and sustainable groundwater development. Ethiopia’s irrigable potential is estimated at more than 11 million hectares, yet only about 10 percent of this potential is currently utilized (IWMI, 2023). This indicates both the significant opportunity for irrigation expansion and the need to improve the performance of existing schemes.

In response to recurrent food insecurity and the need to improve rural livelihoods, different types of irrigation systems have been developed across the country. These include community-managed, household-managed, and large-scale irrigation schemes, ranging from a few hectares to tens of thousands of hectares (Zewdie et al., 2020). However, the contribution of irrigation to agricultural transformation depends not only on expansion but also on the performance, sustainability, and effective management of existing schemes.

1.2 [bookmark: _Toc231277722][bookmark: _Toc235091567]Irrigation Development and Performance Concerns in Ethiopia
Despite increasing policy attention and public investment, the performance of many irrigation schemes in Ethiopia remains below expected standards. In several cases, schemes deteriorate before reaching their intended service life, while others operate below their design capacity. Such underperformance reduces water productivity, limits crop yields, weakens farmer confidence, and undermines the expected benefits of irrigation development.

The causes of poor irrigation performance are multidimensional. Technical constraints include malfunctioning or failure of hydraulic structures, sedimentation, canal seepage, poor water control, and inadequate maintenance. Institutional and management-related problems include weak operation and maintenance systems, limited capacity of water user associations, inadequate financing mechanisms, and insufficient technical support services. Socio-economic and environmental factors, such as watershed degradation, limited farmer participation, poor market access, and climate variability, further affect the sustainability and productivity of irrigation schemes (Berhe et al., 2022; Embaye et al., 2020).

These challenges are particularly important in Ethiopia, where climate variability and recurrent drought continue to threaten agricultural production and rural livelihoods (Sinore & Wang, 2024). Improving irrigation performance is therefore essential not only for increasing agricultural productivity but also for strengthening climate resilience and ensuring sustainable water resources management.

Although several studies have assessed irrigation performance in Ethiopia, most have focused on individual schemes or specific localities. In addition, previous studies have often used different indicators, methods, and assessment approaches, making it difficult to compare results across regions and agro-ecological conditions. Consequently, available evidence remains fragmented and provides limited support for national-level planning, investment prioritization, and policy decision-making (Ayele et al., 2021; Henok et al., 2019).

There is, therefore, a need for a more comprehensive and harmonized assessment of irrigation scheme performance across Ethiopia’s diverse agro-ecological settings and management arrangements. Such an assessment can help identify common performance gaps, highlight location-specific constraints, and generate practical evidence for improving the planning, management, and sustainability of irrigation development.

1.3 [bookmark: _Toc231277723][bookmark: _Toc235091568]Problem Statement
Irrigation development is expected to play a key role in Ethiopia’s efforts to transform agriculture, improve food security, and build resilience to climate variability and change. However, many irrigation schemes are not delivering the expected level of performance. Problems such as low irrigation efficiency, poor water distribution, inadequate maintenance, weak institutional arrangements, limited technical support, and declining infrastructure functionality continue to affect scheme productivity and sustainability.

The absence of comprehensive and comparable performance information further limits the ability of policymakers, planners, and scheme managers to identify priority interventions. Existing studies provide useful insights, but they are often localized and based on different indicators and methodologies. As a result, there is insufficient nationally relevant evidence on the performance status of irrigation schemes across the country and management systems.

This study was therefore undertaken to address this evidence gap by assessing the performance of selected irrigation schemes across Ethiopia. The study applies a comprehensive assessment framework that considers technical, social, and economic dimensions of irrigation performance. By combining field-based measurements with stakeholder perspectives, the study aims to generate evidence that can support policy formulation, planning, scheme rehabilitation, and performance improvement.

1.4 [bookmark: _Toc231277724][bookmark: _Toc235091569]Objectives of the Study
General Objective
The overall objective of this study was to generate evidence and provide recommendations and policy guidance for improving the performance of irrigation schemes in Ethiopia.

Specific Objectives
The specific objectives of the study were:
· To assess the performance of selected irrigation schemes using appropriate performance indicators
· To identify major gaps in existing irrigation water management practices
· To generate baseline information on the performance of irrigation schemes; and 
1.5 [bookmark: _Toc231277725][bookmark: _Toc235091570]Scope of the Study
This study focused on the assessment of selected smallholder-managed irrigation schemes across the country. The assessment covered key dimensions of scheme performance, including irrigation efficiency, water management practices, agricultural productivity, institutional arrangements, and operation and maintenance conditions.

The study also examined major constraints affecting scheme performance and identified opportunities for improvement. Particular attention was given to community-managed and household-managed irrigation systems, in line with the Government’s twin-track approach to irrigation development (Zewdie et al., 2020). The findings are intended to generate baseline information and support recommendations that are consistent with national irrigation development priorities and broader sustainability objectives.

While the study provides important evidence on the performance of selected schemes, it does not cover all irrigation schemes in the country. Therefore, the findings should be interpreted as representative of the assessed schemes, rather than as a complete inventory of national irrigation performance.

1.6 [bookmark: _Toc231277726][bookmark: _Toc235091571]Structure of the Report
This report is organized into five main sections. Section 1 presents the introduction, including the background and rationale, irrigation development and performance concerns in Ethiopia, the problem statement, study objectives, scope of the study, and structure of the report. Section 2 reviews relevant literature on irrigation development, performance assessment approaches, and key indicators used to evaluate irrigation schemes. Section 3 describes the methodology of the study, including the study areas, data collection methods, sampling approach, data analysis procedures and calculation of performance indicators.

Section 4 presents analysis results and discusses the findings in relation to technical, institutional, social, and economic dimensions of irrigation performance. Finally, Section 5 presents the conclusions and recommendations, with emphasis on policy guidance, investment priorities, scheme management, and future performance improvement measures.

1.7 [bookmark: _Toc231277727][bookmark: _Toc235091572]Challenges and Limitations of the Study
This study has several limitations that should be considered when interpreting the findings. From a temporal perspective, the assessment was based on two years study period and therefore does not capture long-term variations in irrigation performance. In terms of coverage, the study focused primarily on selected technical, productivity, water supply, and institutional indicators, while important aspects such as gender participation, IWUA financial sustainability, climate change impacts, groundwater sustainability, waterlogging, salinity, and rehabilitation cost-benefit analysis were beyond its scope. Methodologically, irrigation performance indicators were derived from field measurements, observations, interviews, and secondary data, with flow measurements relying partly on the float method under variable hydraulic conditions, making some estimates representative rather than continuous measurements. Data limitations, including incomplete records on production costs, water allocation, and maintenance history, as well as potential recall bias and inconsistencies in local records, may have introduced uncertainty despite data triangulation. Finally, unforeseen field conditions such as fluctuating river flows, sediment deposition, seepage, gate operation, farmer interventions, and differences in infrastructure, management practices, and socio-economic conditions between schemes may have influenced the observed performance. Nevertheless, these limitations do not diminish the value of the study but indicate that the findings should be interpreted within the context of the available data, methods, and field conditions, while highlighting the need for longer-term monitoring and more comprehensive future assessments.


[bookmark: _Toc224621995][bookmark: _Toc231277728][bookmark: _Toc235091573]PREVIOUS STUDIES 
1.1. [bookmark: _Toc224621996][bookmark: _Toc231277729][bookmark: _Toc235091574]Overview of Irrigation Performance Assessment Studies in Ethiopia
A literature review of previous studies provides a critical foundation for understanding the current state of knowledge on Ethiopia's agricultural and irrigation systems. This section covers previous studies to identify the key indicators, gaps, and challenges that have been explored in the context of irrigated agriculture in Ethiopia. Analyzing studies on irrigation performance assessment in the Ethiopian context can help gain insights into the factors influencing the effectiveness of irrigation systems. A substantial body of literature has evaluated the performance of irrigation schemes in Ethiopia using a range of technical, hydraulic, institutional, and productivity-based indicators. Most Ethiopian studies adopt performance indicators proposed by FAO, IWMI, and other international frameworks, commonly distinguishing between internal (technical and hydraulic) and external (productivity, adequacy, and sustainability) indicators.

Early national and scheme-level assessments consistently report that irrigation performance in Ethiopia remains below potential due to weaknesses in planning, design, construction quality, operation, and maintenance (Awulachew & Ayana, 2011). These challenges are evident across traditional, small-scale, and large-scale irrigation schemes.

Recent scheme-level studies provide more detailed insights. Several assessments of small-scale irrigation schemes show that conveyance efficiency is often relatively high, particularly in lined canals, while application efficiency, equity, and adequacy remain low to moderate (Adane, 2020; Belay et al., 2023; Efriem Tariku & Mekonen, 2019; Geleto et al., 2019). Common causes of underperformance include sedimentation, gate failures, canal leakage, illegal abstractions, and weak management capacity. These studies frequently recommend regular maintenance, improved water allocation rules, and capacity building of water user associations (WUAs).

Hydraulic performance evaluations of medium and large-scale schemes, reveal mixed results (Albachew & Tesfa, 2022; MOGISO, 2020). While some schemes demonstrate high adequacy and efficiency under controlled conditions, long-term sustainability is constrained by water scarcity, sedimentation, insufficient operation and maintenance budgets, and institutional weaknesses. Importantly, most of these studies are conducted over a single irrigation season, limiting their ability to capture inter-annual variability.

Institutional and governance dimensions are addressed in fewer studies. Yohannes et al., (2022) highlighted critical weaknesses in irrigation water user associations (IWUAs), including poor legal registration, weak financial capacity, limited transparency, and gender inequity. Similarly, Shiberu et al., (2019) showed that differences in scheme performance are strongly linked to institutional arrangements and management effectiveness rather than physical infrastructure alone.

Productivity and efficiency focused studies demonstrate that modern irrigation systems tend to achieve higher productivity, while traditional systems may exhibit relatively high technical efficiency despite lower yields (Godswill et al., 2017; Henok et al., 2019). These findings underline the importance of integrating technical performance with socio-economic and institutional factors.
Makombe et al., (2017) evaluated the productivity and technical efficiency of traditional and modern communal irrigation systems in Ethiopia and compared them with rainfed farming systems. The study applied a stochastic frontier production function to estimate technical efficiency, using data collected through simple random sampling from four traditional and seven modern smallholder irrigation schemes, as well as rainfed farms. The results indicated that modern communal irrigation systems achieved the highest productivity, reflecting their greater production potential, while traditional irrigation systems exhibited relatively high technical efficiency, suggesting that they operate close to their technology-specific production frontier despite lower overall productivity. Rainfed systems also demonstrate notable levels of productivity and technical efficiency, particularly under favorable climatic conditions. Based on these findings, the study recommended parallel development of modern irrigation and rainfed agriculture to enhance overall agricultural productivity and efficiency in Ethiopia, with particular emphasis on improving technical efficiency in modern communal irrigation systems. The authors further noted that, although traditional irrigation systems recorded lower productivity, they can attain high technical efficiency within their technological constraints. However, the study highlighted that results for perennial crops were indicative only and should be interpreted with caution due to data limitations, including challenges in accurately estimating the volume of irrigation water applied to crops.

Haileslassie et al., (2016) assessed on-farm irrigation performance in Ethiopia in their study titled “On-farm smallholder irrigation performance in Ethiopia: From water use efficiency to equity and sustainability.” The research examined the water delivery performance of ten smallholder irrigation schemes across four regions of the country. A range of internal and external performance indicators were employed, including relative irrigation supply, irrigation intensity, cropping intensity, farm-level adequacy, sustainability of irrigated land, equity, and field application efficiency. The study combined focus group discussions, household surveys, and direct measurements of water flow at selected points within irrigation delivery systems during the 2014/2015 cropping season. The results indicated that all assessed schemes experienced a mismatch between irrigation water demand and supply. Relative irrigation supply values revealed both under and over-supply conditions, contributing to inequitable water distribution along irrigation reaches. Lower relative irrigation supply was associated with increased disparities in water delivery between upstream and downstream users, highlighting equity challenges within the systems. Although multiple performance indicators were applied, the findings underscore that water delivery constraints and demand–supply imbalances were central factors affecting overall system performance, with implications for efficiency, equity, and the long-term sustainability of irrigated land.

Despite considerable research efforts, irrigation performance assessments in Ethiopia remain fragmented and insufficient for characterizing national-level conditions (Table 1). Methodological inconsistencies, limited scheme coverage, single-season analyses, non-standardized indicators, and site-specific focus collectively constrain the usefulness of existing studies for informing national irrigation policy and planning.


[bookmark: _Ref230972843][bookmark: _Toc234311621]Table 1. Summary of Key Ethiopian Irrigation Performance Studies
	Author(s)
	Year
	Scale / Location
	Main Indicators Used
	Key Findings
	Major Limitations

	Awulachew & Ayana
	2011
	National & scheme-level
	RWS, WDR, output per unit water
	Low performance at all scales due to planning and management gaps
	Heavy reliance on secondary data

	Kassa & Ayana 
	2019
	Mychew SSI scheme
	Adequacy, equity, dependability, efficiency
	Poor adequacy and equity; sedimentation major issue
	One season, single scheme

	Adane
	2020
	4 SSI schemes (Dangila)
	Conveyance efficiency, equity, reliability
	High conveyance efficiency; weak maintenance and equity
	Perception-based indicators

	Gebul
	2021
	National review
	Equipped vs. irrigated area
	Actual irrigated area far below potential
	Data inconsistency

	Mogiso
	2020
	Kuraz (large-scale)
	Adequacy, efficiency, equity
	High adequacy (98%) but maintenance required
	Short assessment period

	Shumye & Meshesha
	2022
	Yelen scheme
	Adequacy, efficiency, equity
	Poor performance due to scarcity & sedimentation
	One irrigation season

	Yohannes et al.
	2022
	Ketar sub-basin
	Governance & IWUA indicators
	Weak institutional capacity, gender gaps
	Sub-basin focus

	Belay et al.
	2023
	Mugie and Fesas SSI schemes
	Conveyance & application efficiency
	Lined canals efficient; management weak
	Limited spatial coverage

	
Makombe et al.
	2017
	Ethiopia; traditional, modern, and rainfed systems
	Productivity; technical efficiency
	Modern irrigation had highest productivity; traditional systems showed high technical efficiency; rainfed systems performed well under favorable climate.
	Uncertain irrigation water estimates; limited data for perennial crops.

	Haileslassie et al.
	2016
	Ethiopia; 10 smallholder schemes
	Relative irrigation supply; equity; efficiency
	Demand–supply mismatch caused inefficiency and inequitable water distribution, especially upstream–downstream.
	Single-season data; limited linkage to crop yield outcomes.


1.2. [bookmark: _Toc224621997][bookmark: _Toc231277730][bookmark: _Toc235091575] Global Studies on Irrigation Performance
Global and comparative studies provide a broader conceptual and methodological foundation for irrigation performance assessment. Molden et al., (1998) introduced a widely adopted framework of comparative performance indicators, linking agricultural outputs to inputs of land, water, and finance. These indicators, such as output per unit irrigated area and output per unit water consumed enable performance comparisons across schemes, regions, and countries.

Bos et al., (2005) and Renault & Wallender, (2000) further expanded performance evaluation frameworks by incorporating indicators such as relative water supply, irrigation ratio, and sustainability of irrigated area. These approaches emphasize not only efficiency but also adequacy, reliability, and long-term system viability.

Recent global assessments increasingly rely on remote sensing and large datasets. Higginbottom et al., (2021) evaluated 79 large-scale irrigation schemes across sub-Saharan Africa using satellite-derived irrigated area estimates, finding that, on average, only 35% of planned areas were actually irrigated. Performance variability was strongly influenced by governance, hydrology, and management capacity rather than infrastructure alone.

Benavides et al., (2021), analyzing 264 irrigation cases across 25 countries, demonstrated that relative irrigation supply is significantly affected by precipitation patterns, delivery schedules, and irrigation technology. The study highlighted the role of modern irrigation systems and flexible water delivery in improving performance.

Studies outside Ethiopia, such as Phali et al., (2022) in South Africa and Sekyi-Annan et al., (2018) in Ghana, emphasize the importance of institutional quality, farmer capacity, access to credit, and governance structures in determining irrigation performance. These findings reinforce the need to move beyond purely technical evaluations.
1.3. [bookmark: _Toc224621998][bookmark: _Toc231277731][bookmark: _Toc235091576]Gaps, Challenges, and Limitations in Current Literature
Despite the substantial body of literature, several recurring limitations are evident in both Ethiopian and international studies on irrigation performance.
Fragmentation and limited scale: Most studies conducted in Ethiopia focus on individual schemes or small clusters of schemes, making it difficult to generalize findings or draw conclusions that can inform national policy and strategic planning.

Short temporal coverage: Many assessments are based on data from a single irrigation season and therefore do not adequately capture seasonal variation or inter-annual changes in scheme performance.

Inconsistent indicators and methodologies: Existing studies employ different definitions, indicators, and measurement approaches, which limits comparability across schemes, regions, and study contexts.

Overemphasis on technical performance: Literature places strong emphasis on hydraulic and engineering indicators, while giving comparatively limited attention to institutional arrangements, financing, market access, and farmers’ technical and managerial capacity.

Data limitations: Robust analysis is often constrained by inconsistencies in secondary data, the absence of standardized monitoring systems, and the lack of reliable water measurement structures at scheme level.

Taken together, these limitations underscore the need for a standardized, comprehensive, and nationally representative assessment of irrigation performance that integrates technical, institutional, and socio-economic dimensions.

1.4. [bookmark: _Toc224621999][bookmark: _Toc231277732][bookmark: _Toc235091577][bookmark: _Toc169736001]Summary and Implications for the Current Study
The reviewed literature indicates that irrigation schemes in Ethiopia continue to operate below their intended potential due to a combination of technical shortcomings, weak management systems, and institutional limitations. Although existing studies provide important insights into scheme-level performance, the available evidence remains fragmented, localized, and methodologically inconsistent. This limits its relevance for informing national policy, guiding strategic investment decisions, and supporting the development of a coherent framework for irrigation performance improvement.

The evidence reviewed underscores the importance of adopting standardized irrigation performance indicators to enable consistent comparison across schemes and regions and to support policy-relevant performance assessment. They also highlight the importance of moving beyond isolated case studies toward more systematic and comprehensive assessments. In addition, the studies underscore the need to integrate technical, institutional, and management-related indicators in order to better capture actual irrigation performance and long-term sustainability. The establishment of reliable baseline performance information is equally important for supporting evidence-based policy guidance, investment prioritization, and the monitoring of irrigation modernization efforts. Accordingly, the present study was designed to address these gaps through a structured assessment of selected irrigation schemes using harmonized performance indicators. In doing so, it seeks to generate robust evidence to inform both operational improvements at scheme level and broader national irrigation policy interventions.



[bookmark: _Toc224622000][bookmark: _Toc231277733][bookmark: _Toc235091578]MATERIALS AND METHODS
1.5. [bookmark: _Toc224622001][bookmark: _Toc231277734][bookmark: _Toc235091579]Conceptual Framework
As presented in Figure 1, Methodological Framework for Irrigation Scheme Performance Assessment, the conceptual framework served as the foundation for the entire evaluation process of the community- and household-managed irrigation schemes. It provided a systematic structure for planning, coordinating, and implementing the assessment activities undertaken jointly by the MoA, EIAR, and the respective RARIs. The framework ensured that the evaluation was conducted in an organized, consistent, and scientifically sound manner.

The framework incorporated the collection of primary, secondary, and spatial data through standardized data-gathering procedures. Primary data were obtained directly from field observations, household surveys, key informant interviews, and other relevant assessment tools. Secondary data were gathered from existing reports, institutional records, and other documented sources, while spatial data were used to capture the geographical and physical characteristics of the irrigation schemes. The use of standardized methods across all study areas helped maintain uniformity, enhance data quality, and improve the comparability of findings.

Following data collection, the framework guided the processes of data organization, verification, and analysis. Both qualitative and quantitative approaches were employed to generate a comprehensive understanding of the performance, management practices, and challenges of the irrigation schemes. The final stages of the framework included report writing, presentation of findings, and scientific review. This review process was essential for validating the results, strengthening the analytical rigor of the study, and ensuring the credibility and reliability of the final evaluation outcomes.
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[bookmark: _Ref232937046][bookmark: _Ref230972741][bookmark: _Toc234311578]Figure 1. Methodological Framework for Irrigation Scheme Performance Assessment

1.6. [bookmark: _Toc224622002][bookmark: _Toc231277735][bookmark: _Toc235091580][bookmark: _Toc169736002]Selection of Schemes for Performance Evaluation
Irrigation schemes included in this study were selected purposively. The selection did not follow a statistical sampling procedure, and the number of community-managed irrigation schemes and household-managed irrigation systems was determined in advance based on the objectives, available resources, field implementation capacity, and the need to capture diversity across irrigation settings. Therefore, the selected schemes should not be interpreted as a statistically representative sample of all irrigation schemes in Ethiopia. Rather, they were selected to provide practical and comparative evidence on the performance of irrigation schemes operating under different agro-ecological, technical, institutional, and management conditions.

Although the selection was purposive, clearly defined criteria were applied to make the process systematic and transparent. The main considerations included scheme functionality, geographic distribution, accessibility, infrastructure type, and source of irrigation water. These criteria were used to ensure that the selected schemes reflected the diversity of irrigation practices and performance conditions found across Ethiopia, while also allowing feasible field data collection and meaningful comparison between community-managed and household-managed irrigation systems.

Functionality
The primary criterion for selecting irrigation schemes was their functional status. Only schemes that were actively operational and supplying water for agricultural production during the study period were included in the assessment. This was important because the study aimed to evaluate actual irrigation performance under field conditions. By focusing on functional schemes, the assessment generated evidence on current water management practices, infrastructure performance, institutional arrangements, and contributions to agricultural productivity and livelihoods.

Geographic Distribution
Geographic distribution was considered to capture variation in irrigation performance across different environmental and production settings. Schemes were selected from different regions, river basins, and agro-ecological zones of Ethiopia, including highland, mid-altitude, and lowland areas. This helped reflect differences in climate, topography, water availability, cropping systems, irrigation technologies, and management practices. However, because the schemes were purposively selected, geographic coverage was intended to improve diversity rather than to ensure statistical representativeness. The inclusion of schemes from different agro-ecological settings strengthened the relevance of the findings for identifying common performance issues, location-specific constraints, and practical improvement options.

Accessibility and Proximity to Implementing Centers
 Accessibility was also considered during scheme selection. Priority was given to schemes located relatively close to implementing institutions or research centers to facilitate field implementation, supervision, data collection, and follow-up activities. This helped reduce logistical constraints, improve the efficient use of time and resources, and support timely verification of field data. Proximity to implementing centers also enhanced communication with farmers, local experts, water user associations, and scheme managers. This enabled the study team to incorporate local knowledge, understand scheme-specific conditions, and improve the quality of field observations and stakeholder consultations. However, this accessibility criterion may have limited the inclusion of more remote schemes.

Infrastructure Type and Water Source Diversity
The selection process also considered diversity in irrigation infrastructure and water sources. Infrastructure type refers to the physical and operational form of the scheme, such as diversion-based, pump-based, gravity-fed, and storage-based systems. Water source refers to the origin of irrigation water, including rivers, springs, reservoirs, and groundwater. Including schemes with different infrastructure types and water sources was important for capturing variation in technical design, water delivery conditions, operation and maintenance requirements, and management arrangements. This allowed the study to compare performance challenges and opportunities across different irrigation contexts.



Implication of the Selection Approach
Given the purposive nature of the selection process and the predetermined number of community-managed and household-managed schemes, the findings should be interpreted as evidence from selected schemes rather than statistically generalizable results for all irrigation schemes in Ethiopia. Nevertheless, the approach provided valuable insights into the performance of irrigation schemes operating under diverse field conditions and generated practical information to support irrigation planning, scheme management, rehabilitation, and policy guidance.

1.7. [bookmark: _Toc224622003][bookmark: _Toc231277736][bookmark: _Toc235091581]Description of Community-managed irrigation schemes
The geographic locations of all evaluated community-managed irrigation schemes (CMIS) are presented in Figure 2. Map of the distribution of selected community-managed irrigation schemes. The selected schemes were located across different major river basins of Ethiopia. Although hydrological setting was not an explicit criterion in the selection process, the evaluated schemes were nevertheless situated in varied hydrological settings. In these schemes, local water users’ associations or water committees were primarily responsible for water allocation, infrastructure maintenance, and conflict resolution. The evaluated schemes also differed in their physical characteristics, management arrangements, and access conditions, providing a useful basis for comparative assessment. Further details, including scheme-specific features and access conditions, are provided in Table 1.  Salientr features of community managed schemes are provided in Appendix 5.
[image: ]
[bookmark: _Ref230972815][bookmark: _Toc234311579]Figure 2. Map of the distribution of selected community-managed irrigation schemes 
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[bookmark: _Toc224622004][bookmark: _Toc231277737][bookmark: _Toc235091582][bookmark: _Toc169736003]3.4	Description of the Household-managed irrigation schemes 
The geographic locations of the selected household-managed irrigation schemes are presented inFigure 3. Map of the distribution of selected household-managed irrigation schemes. The selection focused on household-managed irrigation systems that operate without formal collective management structures. Selection criteria included physical accessibility, ownership of irrigated land with irrigation facilities, reliability of water sources, and the irrigation experience. Greater emphasis was given to areas where household irrigation is widely practiced in order to capture the dominant forms of household-managed irrigation in the country. The selected schemes span diverse agro-ecological settings and vary in terms of water source, abstraction method, and local production conditions. Water sources include springs, shallow wells, streams, and other water harvesting structures. Private commercial farms were excluded to maintain the study’s focus on smallholder household irrigation systems. Salient features of the selected household irrigation system are provided in Appendix 9.

[image: ]
[bookmark: _Ref230972967][bookmark: _Toc234311580]Figure 3. Map of the distribution of selected household-managed irrigation schemes 
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[bookmark: _Toc224622005][bookmark: _Toc231277738][bookmark: _Toc235091583]3.5.	Data Collection and Calculations
[bookmark: _Toc169736004][bookmark: _Toc224622006][bookmark: _Toc231277739][bookmark: _Toc235091584]3.5.1	Data Collection Approach
EIAR organized and deployed research teams composed of researchers drawn from EIAR and the RARIs to undertake the data collection activities. The teams were assigned to the selected irrigation schemes largely based on their proximity to the study areas in order to improve field coordination, logistical efficiency, and supervision. Prior to field deployment, the researchers were trained in the objectives of the assessment, the data collection procedures, and the use of the required tools and equipment. They were also provided with the necessary materials to carry out their assignments in a consistent and standardized manner across all study sites.
The initial stage of the assessment focused on a systematic evaluation of each irrigation scheme, beginning at the headwork and extending through the entire command area. During this process, the research teams conducted detailed field observations to generate comprehensive information on the physical condition, operational status, and spatial extent of the schemes. The detailed observations included the following:
Assessing Existing Structures
This step involved examining all physical structures within the selected irrigation schemes, including dams/weirs, canals, diversion structures, and any other structures essential for water conveyance and distribution. In addition to identifying the major structural components, the assessment also considered their condition and functionality, since these are critical for effective water delivery and overall scheme performance.
Extent of Damage (if available)
The researchers documented any visible signs of damage or deterioration in the infrastructure. This included, where applicable, structural defects, seepage, erosion, sediment accumulation, breakage, blockage, and other physical problems that could reduce the efficiency and operational effectiveness of the scheme.




Scheme Command Area Delineation
 Delineating the command area involved defining the geographical extent covered by each irrigation scheme. The boundary delineation was essential for understanding the scope of influence of each scheme and assessing its overall contribution to agricultural productivity in the surrounding area. Geographic coordinates were collected using GPS to ensure accurate delineation and spatial referencing of the command area boundaries.

Overall, the field-based assessment was designed to generate detailed and reliable information on the selected irrigation schemes. The information obtained was critical for identifying operational strengths and weaknesses, assessing infrastructure conditions and needs, associating scheme performance with physical and operational characteristics where appropriate, and formulating recommendations for improving irrigation water management efficiency and agricultural productivity.

In addition to the primary data collected at scheme level, different secondary data were gathered from relevant woreda offices, including agriculture, water and irrigation, and irrigation and lowland development. The secondary data has been mainly used to supplement and verify the primary information collected during the field assessment. Furthermore, study and design documents, together with other relevant reports and records, were reviewed to provide additional technical, administrative, and historical information for the evaluation. 
[bookmark: _Toc235091585][bookmark: _Toc224622007][bookmark: _Toc231277740]3.5.2	Field Measurements and Data Collection 
[bookmark: _Toc169736008]3.5.2.1	Measurement of Water Supply at Scheme Level 
Discharge measurements were made to determine the amount of water diverted into each irrigation scheme. Estimation of the quantity of water diverted to each scheme was carried out using the area–velocity method. For this purpose, a straight and uniform canal reach, approximately 10 m in length and having a gentle slope, was selected as the measurement section in order to minimize flow disturbances and improve measurement reliability.

The wetted cross-sectional area of the canal was determined by taking measurements at three points along the selected reach, namely at 0.0 m, 5.0 m, and 10.0 m. The average of these three cross-sections was then used to represent the flow area for discharge computation. Flow velocity was measured using a lightweight, rectangular, waxed wooden float. To improve accuracy, the velocity measurement was repeated five times, and the average velocity (Vavg) was used in the final calculation of canal discharge.

A correction factor was applied during the computation to account for the difference between surface velocity and mean flow velocity, as well as the possible effects of wind and other field limitations, following the procedure described by Merriam (1980). Discharge was then computed using Eq. (1). The same procedure was followed at all required locations to determine the discharge of the main, secondary, and tertiary canals. For schemes with pumped headworks, discharge data were likewise estimated using the floating method wherever appropriate.

[bookmark: _Ref232489144][bookmark: _Ref232406292]
where Q is the discharge (m3/s), Vavg the average velocity (m3/s), A is wetted cross-sectional area of the canal (m2), and K is the correction factor, taken as 0.85.
[bookmark: _Toc169736009][bookmark: _Toc224622008][bookmark: _Toc231277741]3.5.2.2	Measurement of Farm Level Water Application
Field-level water measurements were taken using a calibrated Parshall flume to monitor the depth of irrigation water applied by farmers under field conditions. Figure 4 shows the use of the Parshall flume at the Bilate community-managed irrigation scheme. For a known field area irrigated with a predetermined quantity of water, the depth of irrigation applied was estimated using the simplified form of Equation .
[bookmark: _Ref234309528]where d represents the depth of irrigation applied (mm), q is the discharge measured by the Parshall flume (l/s), T is the irrigation time (min), and A is the irrigated area (m2). The equation relates the measured flow rate and irrigation duration to the area irrigated, thereby providing an estimate of the depth of water applied to the field.

[image: ][image: ]
[bookmark: _Ref234309480][bookmark: _Toc234311581]Figure 4. Water measurement at Bilate community-managed irrigation scheme
[bookmark: _Toc231277743]3.5.2.3	Estimation of Soil Water Storage
At field-level, the amount of water stored in the root zone was estimated using the soil moisture balance approach, which was based on the difference between the soil moisture content before irrigation and the soil moisture content at field capacity. This approach was used to determine the volume of water retained within the effective root zone following irrigation and thus to assess how efficiently the applied water was stored in the soil profile. To support this analysis, soil samples were collected before and after irrigation from successive depth intervals of 0–30, 30–60, 60–90, and 90–120 cm. These depth increments were used to capture the distribution of soil moisture within the effective crop root zone. The samples collected were oven-dried at 105°C for 24 hours, or until a constant weight was attained. The difference between fresh and oven-dried sample weights was then used to determine the gravimetric soil moisture content of each layer. The resulting soil moisture data were used to estimate the depth of water stored within the soil profile after irrigation. This provided the basis for assessing field-level storage efficiency by comparing the amount of water stored in the root zone with the amount of water applied during the irrigation event.
[bookmark: _Toc169736011][bookmark: _Toc224622010][bookmark: _Toc231277744]3.5.2.4	Determination of Crop Yield
Crop yield was determined through field measurements for the dominant crops covering the largest area within each irrigation scheme. For the selected farmlands planted with these major crops, yield was estimated using a 5 m × 5 m quadrant randomly placed in the field. The harvested yield obtained from the sampled quadrant was then converted to a hectare basis to estimate crop productivity. This approach was applied only to the dominant crops in each scheme so that direct field measurement could focus on the crops that contributed most to total irrigated production. For the remaining crops grown within the scheme, yield data were obtained from the respective woreda agricultural offices. These secondary data were used to complement the field-measured yield data and to ensure that all major crops cultivated under the scheme were represented in the analysis. At scheme level, total crop production was estimated by compiling the quantity of each crop produced and its corresponding farm-gate price per unit. This information was used to determine the overall production and value of agricultural output generated under each irrigation scheme.
[bookmark: _Toc169736010][bookmark: _Toc224622009][bookmark: _Toc231277742][bookmark: _Toc235091586]3.5.3	Estimation of Water Demand
Crop water requirement (CWR) and irrigation water demand were estimated using CROPWAT 8.0 for Windows (Allen et al., 1998). The estimation was carried out for the major irrigated crops grown within each scheme based on their respective cropping patterns and proportional area coverage. For each scheme, the crop water requirements of individual crops were first determined and then aggregated according to their relative share of the total irrigated area. This made it possible to estimate the overall irrigation water demand of each scheme in a manner that reflected the actual crop composition and land allocation under irrigation. The resulting scheme-level water demand estimates were used as the basis for evaluating the adequacy of irrigation water supply under the respective irrigation systems.

[bookmark: _Toc169736012][bookmark: _Toc224622011][bookmark: _Toc231277745][bookmark: _Toc235091587]3.5.4	Analysis of Performance Indicators
Performance indicators were selected in line with the objectives of the scheme evaluation. To ensure comprehensive assessment, both internal and external indicators were used for community-and household-managed irrigation schemes. This combination enabled the study to assess not only the technical and operational performance of the schemes, but also their broader production and productivity outcomes. As a result, the selected indicators provided an appropriate framework for evaluating irrigation performance under the different management contexts considered in this study.
[bookmark: _Toc169736013][bookmark: _Toc224622012][bookmark: _Toc231277746]3.5.4.1	Internal Indicator
For this study, five internal performance indicators were used to assess the internal system performance of the selected community-managed irrigation schemes, as listed below. These indicators were intended to capture the major dimensions of irrigation performance within the system, particularly those related to water delivery, distribution, application, and storage. In contrast, for the household-managed irrigation schemes, only application efficiency, distribution efficiency, and storage efficiency were used. This difference was necessitated by the nature of household-managed schemes, which typically lack the more complex communal conveyance and control structures found in community-managed systems. Consequently, only those indicators that were directly relevant to field-level water management and use were applied to the household-managed schemes.

a) Conveyance Efficiency
[bookmark: _Toc169736014]Conveyance efficiency was used to assess the effectiveness of water delivery through the canal system from the point of diversion to the points of distribution within the irrigation scheme. In this study, the main canals were considered as the conveyance system. Conveyance efficiency  was determined by measuring the flow rate at the upstream  and downstream sections of selected main canal segments. Similarly, distribution efficiency  was determined by measuring the discharge entering the distribution canals and the discharge delivered at the downstream end of the selected secondary or tertiary canal segments. This approach enabled separate assessments of water losses in the main conveyance system and in the distribution network.

Flow measurements were conducted using the area–velocity method, and the procedure was applied separately for lined and unlined canals. To improve measurement reliability, canal reaches with relatively uniform cross-sections were selected, and discharge measurements were taken over known canal lengths. During the field assessment, additional information was also recorded on canal characteristics, including canal type, physical condition, and observable features such as cracks, vegetation growth, sediment deposition, leakage points, or other factors that could contribute to seepage or flow obstruction. These observations were important for interpreting the magnitude of water losses under different canal conditions.
Conveyance efficiency was calculated using Eq. (3).

where is the conveyance efficiency (%), is the discharge measured at the downstream end of the main canal segment considered, and is the discharge measured at the upstream end of the same canal segment, both expressed in m³/s. The corresponding conveyance loss for each main canal segment was computed using Equation.

where is the conveyance loss in m³/s.

b) Distribution Efficiency
Distribution efficiency refers to the effectiveness of the irrigation distribution system in delivering water from the main canal to the intended downstream points within the secondary and tertiary canal networks. In this study, distribution efficiency was used to evaluate the proportion of water successfully delivered through selected distribution canal segments after water had left the main canal. Therefore, discharge measurements were taken below the main canals, specifically at the inlet and downstream outlet points of selected secondary and tertiary canals.

Distribution efficiency was calculated using Eqution 5.

   	
where is the distribution efficiency (%), is the discharge entering the secondary or tertiary distribution canal, and is the discharge delivered at the downstream end or outlet point of the selected distribution canal segment, both expressed in m³/s. The corresponding distribution loss, , was calculated using Equation 6.

 (6
where is the distribution loss in m³/s.
This approach made it possible to compare water delivery performance across canal types, canal conditions, and canal lengths. It also provided a basis for understanding the extent to which physical and operational characteristics of the distribution system influenced water losses after water had been diverted from the main canals into the secondary and tertiary canal networks.

c) Application Efficiency
Application efficiency (Ea) was used to evaluate how effectively the water applied at field level was stored within the crop root zone. It was computed as the ratio of the depth of water stored in the soil profile during irrigation to the total depth of irrigation water applied to the field. This indicator is important for assessing the extent to which the applied irrigation water was retained in the effective root zone and made available for crop use.

The total amount of irrigation water applied to the field was measured during irrigation using a Parshall flume. The depth of water stored in the root zone of the soil was determined from soil moisture measurements, following the procedure described in Section 3.5.4. The actual rooting depth considered in the analysis depended on the crop type and its growth stage, since effective root depth varies according to crop characteristics and stage of development.

Soil moisture content was determined using the gravimetric method and converted to volumetric moisture content using Equation 7:


The corresponding depth of water stored in the root zone was computed using Equation 8.

where is the volumetric water content (%),Ww is the weight of wet soil (g), Wd is the weight of oven-dried soil plus container (g), Wc is the weight of the container (g), b is the soil bulk density (g/cm3), w is the density of water (g/cm3), Ws is the depth of water available in the crop root zone (mm), and d is the depth of the soil layer considered (mm).  The amount of water stored in the root zone during irrigation was determined as the difference between the soil water content after irrigation and that before irrigation, as given in Equation.


where Wsi is the depth of water stored in the root zone during irrigation (mm), Wsa is the soil water content after irrigation (mm), and Wsb is the soil water content before irrigation (mm).
Application efficiency was then calculated following Michael (2008) using Equation .


where Ea is the application efficiency (%), and Wf is the depth of irrigation water applied at the field (mm). The depth of water applied to the field was determined using Equation . 

where Wf isthe depth of applied irrigation water at the field (mm), Q is the discharge of applied irrigation water (m3/s), t is the duration of irrigation application (s), and A is the area of the field to which the irrigation water was applied (m2).

This procedure provided the basis for evaluating field-level application efficiency by comparing the amount of water actually stored in the effective root zone with the total amount of water delivered to the field during irrigation.


d) Storage Efficiency
Storage efficiency (Es) was used to evaluate the extent to which the irrigation water needed in the crop root zone prior to irrigation was actually stored in the soil profile after irrigation. To determine the amount of water stored within the root zone, soil samples were collected from different locations within the field before and after each irrigation event. Sampling was undertaken at successive depth intervals of 0–30, 30–60, 60–90, and 90–120 cm, depending on the crop type and its effective rooting depth. The procedures for soil sampling and soil moisture determination are described in Section 3.5.5.

Storage efficiency (Es) and net depth of water required in the root zone before irrigation were computed using Equations  and  respectivley (Michael, 2008).


[bookmark: _Ref232488646]
where Es is the storage efficiency (%), Ws is the depth of water stored in the root zone after irrigation (mm), Wn is the depth of water needed in the root zone prior to irrigation (mm), D is the net depth of water required in the root zone prior to irrigation (mm), Mfci is the moisture content at field capacity in the th soil layer (%), Mbi is the soil moisture content before irrigation in the th soil layer (%), is the bulk density of the soil in the th layer (g/cm3), w and b as defined earlier, di is the depth of the th soil layer within the root zone (mm), and is the number of soil layers considered within the effective root zone.

This approach made it possible to compare the amount of water actually stored in the soil profile after irrigation with the amount of water required to bring the root zone to field capacity. As such, storage efficiency provides an indication of how effectively the irrigation event met the soil water deficit within the crop root zone.

e) Distribution Uniformity
Water distribution uniformity was used to assess the degree to which irrigation water was uniformly distributed and stored across the field. This indicator reflects the spatial uniformity of water application and storage within the effective root zone and is particularly important for evaluating whether different parts of the field received comparable amounts of water during an irrigation event. In this study, was computed using Equation 12, following Walker (2003).

To determine the distribution of water stored in the soil root zone, each field was divided into three sections: the head, middle, and tail ends. Within these sections, soil samples were collected from nine sampling points distributed across the field. Samples were taken before and after each irrigation event from successive soil depths of 0–30, 30–60, 60–90, and 90–120 cm, depending on the crop grown and its effective rooting depth. The soil moisture contents of the collected samples were then determined using the gravimetric method.

The depth of water stored in a particular soil layer at a given sampling point was calculated using Equation 
[bookmark: _Ref232488900]
where d is the depth of water stored at a particular point in a given soil layer (mm), Mai is and Mbi are the soil moisture contents of the th layer after and before irrigation, respectively, on a weight basis (%), b is the bulk density of the soil in the th layer (g/cm3) w is the density of water (g/cm3) and di is the depth of the th soil layer (mm).

The total depth of water stored at each sampling point was obtained by summing the stored water depths across all sampled soil layers. For example, for the first sampling point, d1 is calcualted by Equation .


Similarly, for the ninth sampling point d9 is calculated by Equation 

Following this procedure, the total stored water depth was determined for all nine sampling points across the field. Water distribution uniformity was then calculated using Equation .
[bookmark: _Ref232489153]
where DU is the water distribution uniformity (%), dlq is the mean depth of water stored in the lower quarter of the sampling points (mm), and dm is the mean depth of water stored across all sampling points (mm).

This approach made it possible to evaluate how evenly irrigation water was distributed within the field by comparing the average stored water depth in the least-watered quarter of the field with the overall mean stored water depth. A higher value of DU indicates more uniform water distribution, whereas a lower value suggests greater variability in water application and storage across the field.

f) Scheme Irrigation Efficiency
Scheme irrigation efficiency (SIE) was used to evaluate the overall effectiveness of water conveyance, distribution, and field application within the irrigation scheme. It provides an integrated measure of how efficiently irrigation water is transported from the source, distributed through the canal system, and finally applied at field level for crop use. In this study, the overall scheme irrigation efficiency was computed as the product of conveyance efficiency (Ec), distribution efficiency (Ed), and application efficiency (Ea) following FAO (2002) given by Equation .

[bookmark: _Ref232489263]
where SIE is the scheme irrigation efficiency (%), Ec, Ed and Ea as defined earlier.

For schemes without secondary canals, tertiary canals receive water directly from the main canal. Under such circumstances, Ed was assumed to be 100% for computation purposes, since there was no separate intermediate distribution canal segment over which distribution losses could be measured. However, this assumption should be interpreted with caution, as a distribution efficiency of 100% is not practically attainable under field conditions. Even in the absence of secondary canals, some water loss may still occur at offtake points and during direct delivery from the main canal to the tertiary units. Therefore, the assumption of Ed = 100% was adopted only as a simplifying condition for calculation and may slightly overestimate the overall scheme irrigation efficiency in such cases.

This indicator summarizes the cumulative effect of water losses occurring at different stages of the irrigation system. Accordingly, it reflects the overall performance of the scheme in delivering water from the source to the crop root zone. A higher value of scheme irrigation efficiency indicates better overall system performance, whereas a lower value suggests significant losses during conveyance, distribution, and/or field application.

[bookmark: _Toc169736019][bookmark: _Toc231277747]3.5.4.2	External indicators
The performance of the irrigation schemes was also evaluated using a set of external indicators proposed by Molden et al. (1998), which have been widely used by IWMI and others in irrigation performance assessment. These indicators were grouped into agricultural output, water supply, and physical indicators, thereby providing a broader basis for evaluating irrigation performance in terms of production, water use, and land utilization. All of the selected external indicators were applied to the community-managed irrigation schemes. However, for the household-managed irrigation schemes, output per unit command area and the physical indicators were excluded because such schemes generally lack clearly defined communal command areas and formal scheme boundaries. As a result, only those external indicators that were relevant to the nature and management characteristics of household-managed irrigation systems were applied.



a) Agricultural Output Indicators
i) Estimation of Physical Water Productivity
Physical water productivity was estimated to evaluate the quantity of crop output produced per unit volume of irrigation water consumed. In this study, crop-specific physical water productivity was expressed in kg/m³ and was calculated using crop yield and apportioned irrigation water supply.
The area covered by each crop within each scheme was first identified. Yield was estimated through field measurement for the crops occupying the largest area in each scheme, while yield data for the remaining crops were obtained from the respective beneficiaries and woreda agricultural offices. Actual irrigation water supply was measured at scheme level. However, because irrigation water was supplied rotationally and not according to crop water requirement, crop-specific water delivery was not directly available. Therefore, the total scheme water supply was apportioned among crops based on their relative area coverage within the scheme.

The apportioned water supply for crop  was calculated by Equation :
where Wi is the apportioned water supply for crop i (m3), Ai the area covered by crop , At is the total irrigated cropped area in the scheme, and Wt s the total irrigation water supplied to the scheme (m3).

Crop-specific physical water productivity was then computed by Equation .
[bookmark: _Ref232489500]
where WPi is the physical water productivity of crop i (kg/m3), Yi is the yield of crop i (quintal/ha) which is collected, Wi is apportioned irrigation water supply for crop i (m3/), Ai is the area covered by crop i (ha). The factor 100 was used to convert yield from quintal to kilogram.

This formulation is equivalent to expressing physical water productivity as total crop production divided by apportioned water supply. The approach was adopted because actual water delivery was measured only at scheme level, while crop-specific water use could not be directly observed under the prevailing rotational water distribution practice.

ii) Land and Water Productivity
The agricultural performance of the irrigation schemes was assessed using four commonly applied external comparative indicators that relate agricultural output to land and water use, as proposed by Molden et al. (1998). These indicators are particularly relevant in Ethiopia, where both land and water are limiting resources. In many irrigation schemes, the average cultivated landholding is less than one hectare per household, while irrigation water is frequently constrained by unreliable supply, seasonal variability, and inefficient water distribution systems. Under such conditions, evaluating performance in relation to both land and water resources is essential for understanding how effectively the schemes convert scarce resources into agricultural output.

Accordingly, four output-based indicators were used to assess scheme performance under land- and water-constrained conditions. These included output per unit irrigated cropped area, output per unit command area, output per unit irrigation water diverted, and output per unit water consumed by evapotranspiration. Together, these indicators provide insight into the productivity of irrigated land, the degree to which the designed command area is translated into productive output, and the efficiency with which diverted and consumed water are converted into agricultural value. The indicators were computed using Equations  to  following Molden et al. (1998):





where production is the output obtained from the irrigated area, expressed in quintal (qtl); irrigated cropped area is the total area planted under irrigation during the period of analysis; command area is the nominal or design area intended to be irrigated; irrigation diverted is the volume of water diverted to the command area, including net removals from groundwater where applicable; and volume of water consumed iss diverted water plus effective rainfall.

Equation 24 normally requires measured or estimated actual crop evapotranspiration (ETc), because evapotranspiration represents the water actually depleted through crop water use. However, actual ETc was not available in this study. Therefore, output per unit water consumed could not be calculated directly using the standard evapotranspiration-based denominator. In the absence of actual ETc, the following water-productivity formulation was considered.

The first formulation uses gross diverted irrigation water plus effective rainfall. This approach is useful as a scheme-level external performance indicator because it relates production to the total volume of water entering the irrigation scheme together with the effective rainfall contribution. It is also consistent with a gross water-accounting perspective. However, it should be interpreted carefully because gross diverted water includes conveyance, distribution and application losses, whereas effective rainfall represents water available at the crop root zone. Thus, although gross diverted water and effective rainfall can be added mathematically, they do not represent the same level of hydrological accounting. Consequently, (GWS + Pe) should not be interpreted as actual crop water consumption at field level.

Gross diverted water supply plus effective rainfall was used to represent productivity relative to gross scheme-level water supply. If measured or remotely sensed ETc becomes available, it would provide the preferred denominator for estimating true output per unit water consumed.

iii) [bookmark: _Hlk202084279]Water Supply Indicators
Water supply performance was evaluated using two indicators that compare water supply availability with crop water demand: relative water supply (RWS) and relative irrigation supply (RIS). Relative water supply, proposed by Levine (1982), measures the extent to which the total water supply from irrigation and effective rainfall satisfies crop water demand. Relative irrigation supply, introduced by Perry (1996), evaluates the adequacy of irrigation water supply relative to the net irrigation requirement. RIS is also conceptually related to irrigation efficiency because it compares irrigation water supplied with irrigation water required, although it is not the reciprocal of irrigation efficiency.

RWS is defined as the ratio of total water supply to crop water requirement and is commonly used as a measure of water supply adequacy. RIS is defined as the ratio of irrigation water supply to net irrigation requirements. In this study, the net irrigation requirement is calculated as the difference between CWR and effective rainfall (Pe). The conventional forms of RWS and RIS are given by Equations  and . Accordingly, the water supply which is diverted water should be converted to net irrigation supply as explained above.


where (IWS) is irrigation water supply, (Pe) is effective rainfall, (CWR) is crop water requirement, and (CWR - Pe) is the net irrigation requirement. 

The interpretation of RWS and RIS also depends on the hydrological meaning of the water-supply term used in the numerator. As discussed under the productivity indicators, gross diverted water and effective rainfall do not represent the same level of water accounting. Gross diverted water includes conveyance, distribution and application losses, whereas effective rainfall and crop water requirement refer to water available in, or required by, the crop root zone. Therefore, using gross diverted water directly in RWS and RIS may overestimate the water actually available to crops, particularly when the indicators are interpreted at field or crop level.

This distinction is important because RWS and RIS are intended to assess whether water supply is adequate relative to crop water demand or net irrigation requirement. If gross irrigation diversion is added to effective rainfall and divided by crop water requirement, the numerator combines water that still includes system losses with water that has already been reduced to its effective root-zone contribution. This may inflate the estimated water supply and lead to misleading conclusions, such as indicating excess water supply even when the actual amount of water reaching the crop root zone is much lower.

The RWS indicator provides an overall assessment of water supply adequacy by accounting for both irrigation water supply and effective rainfall. A value close to 1.0 indicates that the available water supply approximately meets crop water demand, while values below 1.0 suggest water deficit conditions. Values greater than 1.0 indicate that water supply exceeds crop demand, which may reflect excess irrigation supply or inefficient water management.

Similarly, RIS indicates how well irrigation supply meets the crop irrigation requirement after accounting for effective rainfall. An RIS value of 1.0 represents adequate irrigation supply, values below 1.0 indicate insufficient irrigation delivery, and values above 1.0 suggest that irrigation water supply exceeds the estimated net irrigation requirement. Both RWS and RIS therefore indicate how well water supply matches crop water demand, but they should be interpretead carefully because of comparing gross diverted water with net crop and irrigation water demands.

b) [bookmark: _Hlk202084393]Physical Indicators
Physical indicators were used to assess changes in the irrigated area of the schemes over time, including expansion or reduction of irrigated land due to different technical, institutional, environmental, and management-related factors. According to Bos (1997), such indicators provide useful information on the operational performance, land utilization, and long-term sustainability of irrigation schemes.

In this study, two physical performance indicators were used: irrigation ratio (IR) and sustainability of irrigated area (SIA). IR measures the proportion of the command area that is currently under irrigation, while SIA indicates whether the irrigated area has been maintained, expanded, or reduced compared with the initially irrigated area. These indicators were calculated using Equations   and , respectively.


[bookmark: _Ref232575315][bookmark: _Ref232588932]

[bookmark: _Ref232575342]

The irrigation ratio reflects the degree to which the available command area is being utilized for irrigation. A value close to 1 indicates that most of the command area is currently irrigated, whereas a value below 1 suggests underutilization of the developed irrigation potential. Low irrigation ratio values may result from inadequate water supply, poor infrastructure condition, sedimentation of canals, drainage problems, land abandonment, or management constraints. The sustainability of irrigated area evaluates the continuity and stability of irrigation development over time. A value equal to 1 indicates that the currently irrigated area is the same as the initially irrigated area. Values greater than 1 indicate expansion of irrigated land, while values below 1 show a reduction in irrigated area. A declining value may indicate deterioration of scheme performance, reduced water availability, poor maintenance, institutional weakness, or other factors affecting the long-term viability of the irrigation scheme.

Together, these physical indicators provide insight into how effectively the irrigation schemes are utilizing their designed command area and whether the irrigated land has been sustained over time.Top of Form
Bottom of Form

[bookmark: _Toc169736006][bookmark: _Toc231277748][bookmark: _Toc235091588][bookmark: _Toc224622013]3.6	Data Compilation and Analysis Methods
[bookmark: _Toc231277749][bookmark: _Toc235091589]3.6.1. Data Compilation and Spatial Analysis
Data organization and compilation played a central role in ensuring the quality, consistency, and reliability of the analysis and interpretation. Accordingly, due attention was given to the systematic organization, verification, and compilation of all data collected during the field assessment. This included measured dimensions of irrigation structures, flow measurements, soil moisture observations, crop yield data, and other relevant field records. The compiled data were carefully checked for completeness and consistency before being arranged in a form suitable for analysis.
The organized datasets were compiled and processed using Microsoft Excel, and R and Python software. Excel was primarily used for data entry, data cleaning, tabulation, and preliminary calculations, while R was used for statistical analysis. In addition, QGIS and Google Earth were employed to support the irrigation performance assessment through spatial analysis and mapping. These tools were used to delineate command areas, quantify canal lengths, estimate the extent of irrigated land, and prepare maps of the evaluated irrigation schemes. The integration of field measurements with spatial data improved the accuracy of area-related assessments and strengthened the overall evaluation of scheme characteristics and performance.
[bookmark: _Toc231277750][bookmark: _Toc235091590]3.6.2. Multivariate and Cluster Analysis
To further examine variation in irrigation performance among schemes, Principal Component Analysis (PCA) was applied to reduce the dimensionality of the dataset and identify the main variables influencing overall scheme performance, following approaches similar to those reported by Muema et al. (2018). The analysis considered the internal and external indicators used in the performance assessment framework. Before conducting PCA, all indicator values were standardized to remove scale effects and ensure that variables measured in different units contributed comparably to the analysis.

The suitability of the dataset for PCA was assessed using the Kaiser–Meyer–Olkin (KMO) measure and Bartlett’s Test of Sphericity. The results confirmed that the data were appropriate for multivariate analysis, indicating that the indicators were sufficiently correlated to justify the application of PCA.

After PCA, Ward hierarchical clustering was used to classify irrigation schemes into relatively homogeneous performance groups. The clustering was conducted separately for internal and external performance indicators so that the two dimensions of scheme performance could be interpreted independently. For the internal indicators, conveyance efficiency, distribution efficiency, application efficiency, distribution uniformity, storage efficiency, and scheme irrigation efficiency were standardized before clustering to ensure equal contribution to the classification.

Ward’s method was selected because it groups schemes by minimizing within-cluster variation, producing clusters whose members have relatively similar performance characteristics. Unlike K-means clustering, Ward hierarchical clustering does not depend on random initial cluster centres and therefore provides a more stable and reproducible basis for classifying schemes. The method also allows the clustering structure to be examined progressively using a dendrogram, which supports clearer interpretation of how schemes are grouped.
Accordingly, Ward hierarchical clustering was first applied to the internal performance indicators to classify schemes based on similarities in efficiency, distribution uniformity, and storage performance. The same approach was then applied to the external performance indicators to ensure consistency in the overall assessment while allowing internal and external performance patterns to be interpreted separately. The resulting clusters provided a basis for identifying similarities and differences among schemes and supported further interpretation of irrigation performance under varying technical, hydrological, and management conditions.
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4. [bookmark: _Toc175471830][bookmark: _Toc224622014][bookmark: _Toc231277751][bookmark: _Toc235091591]RESULTS AND DISCUSSION
Irrigation systems under community and household management constitute important forms of smallholder agricultural water management. Community-managed systems are operated collectively and generally depend on local governance arrangements, shared responsibilities, and, in many cases, indigenous knowledge and customary practices. The performance of the schemes may vary considerably in terms of sustainability, agricultural productivity, equity of water distribution, and water-use efficiency. While these systems often benefit from collective decision-making, labor sharing, and joint maintenance of irrigation infrastructure, they also commonly face challenges such as unequal water access, deterioration of physical structures, weak enforcement of local rules, and limited technical and institutional support.

Household-managed irrigation systems, in contrast, are operated at the individual farm level and provide farmers with greater autonomy in water use and crop management decisions. This flexibility may enhance responsiveness to household needs and farm-specific conditions. However, such systems are often constrained by limited financial resources, inadequate access to improved irrigation technologies, and weak technical support services. As a result, their performance is also likely to vary depending on local water availability, household capacity, and access to inputs and markets.

Assessing the performance of both community- and household-managed irrigation systems using key internal and external indicators is therefore essential for identifying strengths, limitations, and opportunities for improvement. Such assessment provides an evidence-base for improving water management practices, enhancing scheme productivity and sustainability, and supporting long-term food security under conditions of increasing pressure on land and water resources.

4.1. [bookmark: _Toc224622015][bookmark: _Toc231277752][bookmark: _Toc235091592]Community-Managed Irrigation Schemes 
The community-managed irrigation schemes selected for this study represent typical smallholder irrigation systems in which local farmers play the primary role in scheme operation and management. In these systems, farmers are responsible for key functions such as water allocation, routine maintenance of irrigation infrastructure, and the resolution of conflicts related to water distribution and use. This management arrangement places communities at the center of water resource governance and creates opportunities for local participation in decision-making.

In many cases, the approach encourages communities to organize themselves through local water users’ associations or similar institutions, formulate local by-laws, and promote collective action for equitable water distribution, efficient irrigation management, and maintenance of irrigation infrastructure. Such arrangements can strengthen local ownership and improve day-to-day scheme operation. Nevertheless, the effectiveness of these systems depends on the strength of local institutions, the condition of irrigation infrastructure, the reliability of water supply, and the capacity of users to enforce agreed rules and management practices.

[bookmark: _Toc231277753][bookmark: _Toc235091593][bookmark: _Toc224622016]4.1.1	Internal indicators in CMIS 
Performance evaluation of community-managed irrigation schemes (CMIS) using internal indicators provides critical insight into water losses, operational effectiveness, and areas requiring improvement. According to FAO (2002), Irrigation Manual Module 14 (Irrigation Development: A Multifaceted Process), and Irmak et al. (2011), specific benchmarks can be used to classify irrigation schemes as well performing based on key performance indicators. These benchmarks include conveyance efficiency (Ec) of ≥90% for lined canals and ≥70% for unlined canals, distribution efficiency (Ed) of 30% and above,  application efficiency (Ea) of above 55%, 60%, or 70% depending on soil type, distribution uniformity (DU) and storage efficiency (Es) of 80% and above, and scheme irrigation efficiency (SIE) of 50% and above. Collectively, these benchmarks serve as recognized international standards for assessing the technical adequacy and operational efficiency of irrigation systems. Regular evaluation against these indicators helps ensure that irrigation schemes achieve their intended objectives of improving water use efficiency, reducing losses, and sustainably supporting agricultural development.
a) Conveyance efficiency 
Conveyance efficiency (Ec), which expresses the proportion of water conveyed from the source to the field without losses, was influenced by canal conditions, lining status, maintenance practices, and environmental factors within the irrigation systems. As presented in Table 3 and Figure 5, canal type had a clear effect on Ec. Lined main canals generally achieved higher efficiencies because lining reduces seepage losses; for example, Geray-2 and Anderem each recorded an Ec of 96%. In contrast, unlined earthen canals tended to show lower efficiencies due to seepage through porous canal beds such as sandy soils and banks, as seen in schemes such as Durufli with Ec of 45%. Analysis of the 75 community-managed schemes showed that 35 schemes with lined main canals achieved an average Ec of 78.8%, whereas 7 schemes with unlined canals recorded an average Ec of 63.3%. The mixed lined/unlined schemes had an intermediate average Ec of 69.5%. Overall, Ec ranged from 30% in Dereba to 96% in Geray-2 and Anderem, confirming that canal lining improves conveyance efficiency, although other factors also contribute substantially to scheme performance.
Overall, conveyance efficiency across the 75 schemes was moderate, with a mean of 73.3%, a median of 75.0%, and a wide range from 30% to 96%, showing substantial variation among schemes. About 46.7% of the schemes were in the medium performance range (Ec 70%–90%), 38.7% were in the poor range (Ec <70%), and only 14.7% achieved high performance (Ec >90%). This overall pattern indicates that although many schemes are operating at an acceptable level, a large share still suffers important conveyance losses. The results also show a clear canal-type effect: lined main canals performed best, mixed lined/unlined canals were intermediate, and unlined canals performed worst. At the same time, the spread within each group confirms that lining is not the only control on Ec; maintenance condition, seepage characteristics, control structures, sedimentation, and operation practices also contribute to performance differences.

Ec in lined Main Canals: Conveyance efficiency was the highest and most stable among the three canal-lining groups, with a mean of 78.8%, a median of 80.0%, and a relatively low coefficient of variation of 15.7%. About 54.3% of the lined 35 schemes were in the medium range and 22.9% were in the high range, while only 22.9% recorded values below 70%. High-performing examples include Geray-2 and Anderem, both with 96%, followed by Cheleka with 94%, and Wedessa, Walmal Guda, and Shapa, each with 92%. Medium-performing lined schemes include Harawa-1 with 71%, Dire Kiltu with 72%, and Wane with 80%, reflecting the typical performance level of this group. Poor-performing lined schemes include Oppi with 40%, Mentawuha with 58%, and Meteray with 64%. These results confirm that canal lining generally improves conveyance efficiency. However, the low performance observed in some fully lined schemes indicates that lining alone does not guarantee high conveyance efficiency. In such cases, losses may be associated with poor structural condition, leakage at division boxes and turnout structures, sediment deposition, vegetation growth, or weak operational control.

Ec in partially lined Main Canals: For schemes with partially lined and unlined main canals, Ec was clearly lower and more variable than in schemes with fully lined canals as shown in Table 3 (b) and (c). The mean Ec was 69.5%, the median was 72.5%, the standard deviation was 17.2, and the coefficient of variation was 24.8%, the highest among the three main canal groups. Of the 31 schemes with mixed main canals, 46.9% fell within the poor performance range, 43.8% were in the medium range, and only 9.4% reached the high range. High-performing mixed main canal schemes included Godino (95%), Weira (93%), and Ayehu (92%). Medium-performing schemes included Dorso (82%), Bilate (83%), Middle Sonka (83%), and Hargity (84%). Poor-performing schemes included Dereba (30%), Kenji (38%), Gibe Kechema (40%), and Debeso 2ffa (40%).

Ec in unlined Main Canals: Out of the seven schemes in the unlined main canal group, five are located in light-textured soil, while only one scheme is found in heavy-textured soil and one in medium-textured soil. This distribution indicates that most unlined main canal schemes in the sample are located in soils that are generally more susceptible to seepage losses. For the schemes located in light-textured soils, conveyance efficiency (Ec) ranged from 52% to 85%, with an average value of 56.2%. This relatively low average suggests that unlined canals in light-textured soils are more prone to water losses, most likely because these soils have higher infiltration and permeability. As a result, a considerable portion of the water diverted into the canal may be lost before reaching the intended command area.

Overall, the results indicate that canal lining is an important measure for improving conveyance efficiency, but it is not sufficient by itself to guarantee high Ec. Lined main canals showed the best performance, with higher mean Ec and lower variability, confirming the general benefit of full canal lining. Mixed main canals showed intermediate but highly variable performance; although Ec tended to increase as the proportion of lined canal increased, the positive but weak trendline suggests that lining proportion explains only part of the variation in conveyance efficiency. Unlined main canals performed worst, with most schemes falling below 70% Ec and none exceeding 90%, particularly where canals pass through light-textured soils that are more susceptible to seepage losses. However, the observed variation across schemes shows that conveyance losses are not determined by lining status or soil texture alone. High Ec also depends on proper operation and maintenance, good structural condition, regular desilting and weed control, timely breach and crack repair, effective flow regulation, control of unauthorized abstraction, and sound overall system management.
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[bookmark: _Ref231035049][bookmark: _Toc234311622]Table 2: Conveyance Efficiency (Ec) of Irrigation Schemes 
	Type of Main Canal
	Statistical summary
	Schemes per Ec Category (%)

	
	Count
	Min
	Mean
	Median
	3rd Quartile
	Max
	Std. dev.
	CV
	Ec <70
	Ec 70-90
	Ec >90

	All schemes
	75
	30.0
	73.3
	75.0
	85.5
	96.0
	15.5
	21.2
	38.7
	46.7
	14.7

	Lined
	35
	40.0
	78.8
	80.0
	88.5
	96.0
	12.4
	15.7
	22.9
	54.3
	22.9

	Partially lined
	32
	30.0
	69.5
	72.5
	83.0
	95.0
	17.2
	24.8
	46.9
	43.8
	9.4

	Unlined
	7
	45.0
	63.3
	65.0
	70.5
	85.0
	13.8
	21.9
	71.4
	28.6
	0.0

	Unknown	Comment by henok Tesfaye: Which scheme have no soil type??, is should be identified and modified the table
	1
	
	68.0
	68.0
	68.0
	68.0
	0.0
	0.0
	
	
	



	Comment by henok Tesfaye: Same above comment
[bookmark: _Ref231035278][bookmark: _Toc234311582]Figure 5: Conveyance efficiency of selected schemes.
b) Field distribution Efficiency
Distribution efficiency reflects the effectiveness of the irrigation distribution system in delivering water from the main canal to the intended downstream points within the secondary and tertiary canal networks. Table 4 and Figure 6 show the Ed categories of the irrigation schemes studied. In schemes without secondary canals, where water was diverted directly from the main canal to tertiary canals, distribution efficiency was assumed to be 85%. The results show considerable variation among schemes, with Ed values ranging from 26% to 93% across all schemes. Although a large share of schemes falls within the 50–70% and 70–90% categories, the wide range indicates important differences in distribution performance among schemes. The category-based analysis shows that 38 schemes, representing 50.7% of the total, fall within the 50–70% distribution efficiency category. This group has Ed values ranging from 51% to 68%, with an average of 60.6% and a median of 61%. The standard deviation of 14.14 and CV of 23.34% indicate moderate variability, suggesting that many schemes in this category have relatively low and variable distribution performance.

A further 19 schemes, representing 25.3% of the total, fall within the 70–90% category. This group has Ed values ranging from 70% to 89%, with an average Ed of 83.7% and a median of 85%. The standard deviation of 8.17 and CV of 9.77% indicate relatively lower variability compared with the lower-efficiency categories, suggesting more consistent and generally favorable distribution performance. In addition, 15 schemes, or 20.0% of the total, achieved Ed values above 90%, with an average Ed of 98.4% and a median of 100%. This category represents the highest performing group, although the standard deviation of 16.50 and CV of 16.77% indicate that some variation still exists within this group. The lowest-performing category, Ed below 50%, includes 3 schemes, representing 4.0% of the total. These schemes have Ed values ranging from 26% to 49%, with an average Ed of 36%. The standard deviation of 16.50 and CV of 45.84% indicate high variability and serious distribution problems among these low-performing schemes.

Across all 75 schemes, distribution efficiency was generally moderate to favorable, with a mean of 76.6% and a median of 85%. However, the wide range from 26% to 93%, together with a standard deviation of 14.03 and CV of 18.33%, indicates considerable variation among schemes. A total of 34 schemes, or 45.3%, achieved Ed values above 70%, while 41 schemes, or 54.7%, remained below 70%. This shows that, despite acceptable performance in a substantial number of schemes, more than half of the schemes still experience relatively low distribution efficiency, which may affect equity of water delivery and crop water availability.

In summary, distribution efficiency varies considerably among the schemes studied. While 45.3% of schemes achieved Ed values above 70%, only 20.0% exceeded 90%, and 54.7% remained below 70%. This indicates that high distribution efficiency is not achieved uniformly across all schemes. Effective distribution depends not only on canal condition, but also on field-level water control, division structures, scheduling practices, plot-to-plot water sharing, and the performance of scheme operators. Targeted rehabilitation and improved water management practices are therefore required, particularly for schemes in the <50% and 50–70% categories.
c) Top of Form
[bookmark: _Ref231035525]
[bookmark: _Toc234311623]Table 3 : Distribution Efficiency (Ed)
	Ed Category
	Schemes
	Schemes (%)
	Range
	Average
	Median
	Third Quartile
	St. Deviation
	CV

	<50
	3
	4.0
	26-49
	36
	85
	87
	16.50
	45.84

	50–70
	38
	50.7
	51-68
	60.6
	61
	65
	14.14
	23.34

	70-90
	19
	25.3
	70-89
	83.7
	85
	85
	8.17
	9.77

	>90
	15
	20.0
	91-100*
	98.4
	100*
	87
	14.03
	14.26

	All Schemes
	75
	100.0
	26-93
	76.6
	85
	85
	14.03
	18.33


*This is where field water applications is directly from main canal and hence distribution loss is assumed to be nil.


[bookmark: _Ref231035575][bookmark: _Toc234311583]Figure 6: Distribution efficiency (Ed) of selected schemes.
d) Application efficiency
Application efficiency (Ea) varied among the irrigation schemes and showed some differences across soil texture groups as presented in Table 5 and Figure 7. For the overall dataset of 75 schemes, Ea ranged from 24% to 70%, with a mean of 48.7% and a median of 52%. The standard deviation was 11.62, with a coefficient of variation of 23.7%, indicating moderate variability in application efficiency among the schemes.

Based on the Ea categories, the largest proportion of schemes fell within the 40%–55% range, accounting for 41% of all schemes. This was followed by schemes with Ea greater than 55%, which represented 32% of the total. About 25% of schemes were in the 25%–40% category, while only 1% recorded Ea below 25%. This indicates that application efficiency was mainly moderate, although about one-third of the schemes achieved relatively high application efficiency.

Among the soil texture groups, light-textured soils recorded the highest mean Ea, with an average of 56.25% and a median of 55%. However, this group included only four schemes, so the result should be interpreted cautiously. Heavy-textured soils had a mean Ea of 48.70% and a median of 51%, while medium-textured soils recorded a slightly lower mean Ea of 47.2% and a median of 49.5%. Heavy-textured soils formed the largest group, with 44 schemes, followed by medium-textured soils with 26 schemes. Therefore, the overall Ea result was mainly influenced by the heavy- and medium-textured soil groups.

The distribution of schemes by Ea category also shows that heavy-textured soils dominated most classes. Heavy soils accounted for 13%, 25% and 19% of schemes in the 25%–40%, 40%–55% and in the greater than 55% categories respectively. They also included the only scheme with Ea below 25%. This indicates considerable variability in application efficiency within heavy-textured soils. Medium-textured soils were mainly distributed in the 25%–40% and 40%–55% categories, representing 12% and 13% of schemes, respectively, while 9% achieved Ea greater than 55%. Light-textured soils were fewer in number, but they were concentrated in the moderate-to-high Ea categories, with 3% in the 40%–55% class and 3% above 55%.

Overall, the results show that application efficiency was predominantly moderate, with the largest share of schemes falling between 40% and 55%. Light-textured soils showed the highest average Ea, but the small number of observations limits the strength of this conclusion. Heavy-textured soils showed intermediate average performance but relatively high variability, while medium-textured soils recorded slightly lower average Ea. One scheme with unknown soil texture is in the greater than 55% category.

These findings suggest that soil texture may influence application efficiency, but it does not fully explain the observed variation among schemes. Differences within the same soil texture group may be related to irrigation scheduling, depth of application, field leveling, furrow design, inflow control, soil structure, field preparation, and farmer water management practices. Therefore, improving application efficiency requires not only consideration of soil texture but also better field-level irrigation management and soil physical condition improvement.

[bookmark: _Ref231035750][bookmark: _Toc234311624]Table 4: Summary of Application Efficiency (Ea) 
	Group
	Count
	Min
	Mean
	Median
	Q3
	Max
	Std. dev.
	CV
	<25
	25–40
	40–55
	> 55

	All schemes
	75
	24
	48.68
	52
	57
	70
	11.62
	23.86
	1.3
	25.3
	41.3
	32.0

	Heavy
	44
	24
	48.70
	51
	56.25
	70
	11.33
	23.27
	1.3
	13.3
	25.3
	18.7

	Medium
	26
	28
	47.15
	49.5
	56.5
	68
	12.66
	26.86
	0.0
	12.0
	13.3
	9.3

	Light
	4
	51
	56.25
	55
	58
	64
	5.560
	9.88
	0.0
	0.0
	2.7
	2.7

	Unknown
	1
	
	
	
	
	
	
	 
	
	
	
	




[bookmark: _Ref231035809][bookmark: _Toc234311584]Figure 7: Schemes category based on application efficiency.
e) Distribution uniformity 
Distribution uniformity (DU) measures the evenness of water application across a field and is influenced by field layout, inflow characteristics, and management practices. As per Table 6 and Figure 8, the results show that DU performance varied considerably among the 75 irrigation schemes, with an overall mean of 78.1%, a median of 81%, and values ranging from 39% to 96.%. In general, 41 schemes (54.7%) achieved DU values of 80% or above, including 26 schemes (34.7%) in the 80%–90% category and 15 schemes (20%) above 90%. However, 34 schemes (45.3%) remained below the acceptable threshold, including 15 schemes (20%) with DU below 70%, indicating substantial non-uniformity in water application in a considerable number of schemes. At scheme level, very high-performing examples included Mengelle-39, Bete-Chole, and Silga, each with DU values of about 96%, while poor-performing schemes included Lega Holeta (40%), Atimena (42%), Meteray (44%), and Oppi (46%). These low values likely reflect poor field leveling, uneven slopes, weak water control, and inadequate management, all of which can cause over-irrigation in some parts of the field and under-irrigation in others.

When grouped by soil texture, schemes on heavy soil formed the largest category, accounting for 44 schemes (58.7%) and showing the widest spread in DU performance. In this group, 23 schemes (52.3%) achieved DU values of 80% or above, including 12 schemes above 90%, while 21 schemes (47.7%) remained below 80%. This indicates that heavy soil can support both very good and very poor DU, depending largely on management and field conditions. Medium-textured soils showed relatively more consistent performance, with a mean DU of 79.8%, a median of 80.5%, and 15 of 26 schemes (57.7%) above 80%; examples of good performance in this group include Tamsa (93.3%) and Zemeskel (90%), whereas Anderem (60%) and Ketar-Genet (55%) illustrate weaker performance. Light-textured soils, although represented by only four schemes, showed high variability, ranging from poor to excellent performance; for example, Bilate (93.1%) and Bule-Koloba (90.7%) performed well, while Wonji-Kuriftu (39.3%) performed poorly. Overall, the results suggest that soil texture alone does not determine DU performance. Rather, high DU across all soil groups appears to depend more on effective field layout, proper land leveling, reliable flow control, and sound irrigation management than on soil type by itself.

[bookmark: _Ref231035949][bookmark: _Toc234311625]Table 5: Distribution Uniformity (DU)
	Soil Texture
	Stastistical parameters
	Schemes (%) per DU Category

	
	Count
	Mean
	Median
	Min
	Max
	Std. Dev
	CV
	<70
	70-80
	80-90
	>90

	Overall
	75
	78.1
	81.0
	39.0
	96.0
	14.2
	18.1
	20.0
	25.3
	34.7
	20.0

	Heavy
	44
	77.3
	81.5
	39.0
	96.0
	16.3
	21.0
	14.7
	13.3
	14.7
	16.0

	Medium
	26
	79.8
	80.5
	65.0
	93.0
	7.7
	9.7
	4.0
	10.7
	17.3
	2.7

	Light
	4
	73.0
	79.0
	65.0
	93.0
	23.6
	32.4
	1.3
	1.3
	1.3
	1.3

	Unknown
	1
	 
	 
	 
	 
	 
	 
	
	
	1.3
	




[bookmark: _Ref231035967][bookmark: _Toc234311585]Figure 8: Distribution Uniformity (DU)
f) Storage Effieciency
Storage efficiency (Es) reflects how effectively the applied irrigation water is stored within the crop root zone rather than being lost through deep percolation or remaining insufficient to meet soil water deficits. Since soil texture strongly influences water-holding capacity and percolation rate, variation in Es among the irrigation schemes is expected. The 75 schemes in Table 7 and Figure 9 showed moderate storage efficiency, with a mean of 67.2%, a median of 66.0%, and values ranging from 34.0% to 99.0%. Most schemes were concentrated in the 50–70% category, accounting for 39 schemes (52.0%), while 28 schemes (37.3%) achieved values above 70%. However, 8 schemes (10.7%) remained below 50%, indicating that storage losses were still substantial in a number of systems.

When grouped by soil texture, schemes on heavy soil constituted the largest group and showed a mean of 69.3%, with values ranging widely from 34.0% to 99.0% . Although 16 of the 44 heavy-soil schemes (21.3% of all schemes) achieved storage efficiency above 70%, 5 schemes (6.7%) fell below 50%, showing that favorable soil water-holding capacity alone did not guarantee good performance. Thus, while some heavy-textured schemes such as Mengelle-39 (99%) and Silga SSIS (96%) performed very well, others such as Meteray (57%) and Ejersa (33%) showed poor storage efficiency, likely due to poor irrigation management, over-application, inadequate field preparation, or soil physical problems affecting infiltration and water retention.

Schemes on medium-textured soils showed relatively more consistent performance, with a mean of 69%, a median of 67.0%, and lower variability compared with heavy and light soils. In this group, 10 schemes were above 70%, while only 2 schemes were below 50%, suggesting more stable storage performance. Good examples include Ujummo (90%) and Zemeskel (85%), whereas Ketar-Genet (56%) and Bonga (61%) represent relatively weaker performers. For light-textured soils, storage efficiency was generally lower and more variable, with a mean of 59.5%, a median of 54.0%, and the highest variability , although the sample size was small . Only one light-soil scheme exceeded 70%, while one fell below 50%. This pattern is consistent with the tendency of light soils to experience greater deep percolation losses. In this group, Bilate (84%) performed well, whereas schemes such as Dire-Kiltu (48%) and Wonji-Kuriftu (50%) showed comparatively low efficiency.

Overall, the results indicate that soil texture influences storage efficiency, but it is not the only controlling factor. Heavy and medium soils generally performed better than light soils, yet substantial variation within each group shows that management practices remain critical. Appropriate irrigation scheduling, proper land preparation, maintenance of field conditions, and improved control of application depth are essential to reduce deep percolation losses and improve storage efficiency across all soil types.

[bookmark: _Ref231036125]
[bookmark: _Toc234311626]Table 6: Summary statistics of Storage Efficiency (Es)
	Soil Texture
	Stastical parameters
	Schemes (%) per Es Category

	
	Count
	Min
	Mean
	Median
	Third Quartile
	Max
	Std. dev.
	CV
	<50
	50-70
	>70

	Overall
	75
	34.0-99.0
	67.2
	66.0
	78.5
	99.0
	14.4
	21.5
	10.7
	52.0
	37.3

	Heavy
	44
	34.0-99.0
	69.3
	63.5
	78.25
	99.0
	15.9
	23.0
	9.3
	29.3
	20.0

	Medium
	26
	48.0-90.0
	70.3
	69.0
	79.5
	90.0
	11.3
	16.1
	1.3
	18.7
	14.7

	Light
	4
	48.0-90.
	61.8
	54.0
	62.75
	90.0
	16.2
	26.2
	0.0
	14.7
	1.3

	Unknown
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.3




[bookmark: _Ref231036142][bookmark: _Toc234311586]Figure 9: Storage Efficiency (Es)
g) [bookmark: _Toc197804833]Scheme irrigation efficiency (SIE)
The distribution of irrigation schemes across the different SIE categories by soil texture class is presented in Table 8 and Figure 10. The revised results show that scheme irrigation efficiency was generally low, with an overall mean of 28%, a median of 25.9%, and values ranging from 7.3% to 51.2%. Most schemes were concentrated in the lower efficiency categories. Overall, 25.3% of the schemes had SIE values below 20%, while 36% fell within the 20%–30% category. A further 20% were found in the 30%–40% category. Only 14.7% of schemes achieved SIE values between 40% and 50%, while just 4% exceeded 50%. The cumulative distribution shows that 61.3% of the schemes had SIE values below 30%, 81.3% were below 40%, and 96.0% remained below 50%. This confirms that low scheme irrigation efficiency was widespread across the assessed schemes.

When the SIE categories are examined by soil texture class, heavy-textured soils accounted for the largest share of schemes, representing 58.7% of the schemes while medium- and lighted-textured soils accounted for 35.7% and 5.3% respectively. In the <20% category, heavy-textured soils accounted for 14.7% of all schemes, followed by medium soils with 9.3% and light soils with 1.3%. In the 20%–30% category, heavy soils again had the largest share, accounting for 21.3% of all schemes, compared with 12% for medium soils and 2.7% for light soils. In the 30%–40% category, heavy soils accounted for 13.3% of schemes, while medium soils accounted for 6.7%. The 40%–50% category included schemes on heavy and medium soils, each contributing 6.7%. 

[bookmark: _Ref231036227][bookmark: _Toc234311627]Table 7: Summary of SIE Statistics
	Soil Texture
	Statistical Parmeters
	Schemes (%) per SIE Category

	
	Count
	Min
	Mean
	Median
	Q3
	Max
	Std. dev.
	CV
	<20
	20-30
	30-40
	40-50
	>50

	Overall
	75
	7.3
	28.0	Comment by henok Tesfaye: The mean SIE is 29.5, please check it
	25.9
	35.53
	51.2
	11.2
	40.0
	25.3
	36.0
	20.0
	14.7
	4.0

	Heavy
	44
	7.3
	28.0
	25.8
	35.207
	50.8
	11.3
	40.4
	14.7
	21.3
	13.3
	6.7
	2.7

	Medium
	26
	10.7
	27.1
	25.5
	35.29
	44.1
	10.7
	39.5
	9.3
	12.0
	6.7
	6.7
	0.0

	Light
	4
	16.3
	31.0
	28.3
	34.58
	51.2
	14.6
	47.1
	1.3
	2.7
	0.0
	0.0
	1.3

	Unknown
	1
	 
	 
	 
	 
	 
	 
	 
	
	
	
	1.3
	



Heavy-textured soils had a mean SIE of 28%, with a median of 25.8% and values ranging from 7.3% to 50.8%. Medium-textured soils had a mean of 27.1%, a median of 25.5%, and values ranging from 10.7% to 44.1%. Light-textured soils had the highest mean SIE at 31.0%, with a median of 28.3% and values ranging from 16.3% to 51.2%. However, this result should be interpreted with caution because the light-textured group includes only four schemes. The coefficient variation was high across all soil groups, particularly for light soils at 47.1%, followed by heavy soils at 40.4% and medium soils at 39.5%. This indicates substantial variation within each soil texture class and suggests that soil texture alone does not determine scheme irrigation efficiency.

Overall, the results indicate that poor scheme irrigation efficiency was widespread across all soil groups. Only 4% of schemes exceeded 50% while 81.3% of schemes remained below 40%. This suggests that scheme-level irrigation efficiency is influenced not only by soil texture, but also by canal condition, water control structures, field application practices, irrigation scheduling, maintenance conditions, and operational management. The concentration of schemes in the <20% and 20%–30% categories indicate the need for urgent attention to poorly performing schemes.

In summary, SIE performance was generally low across the assessed schemes. About 61.3% of schemes recorded SIE values below 30%, and 81.3% were below 40%. Although light-textured soils showed the highest mean SIE, the small number of light-soil schemes limit broad interpretation. Heavy-textured schemes included some of the highest-performing systems, but they were also strongly represented in the low and moderate efficiency classes. This confirms that improving SIE requires more than considering soil texture alone. Priority interventions should focus on rehabilitation of weak infrastructure, improvement of water control and field application practices, better irrigation scheduling, stronger operation and maintenance, and capacity building for irrigation water users’ associations. Further diagnostic assessment is also needed to identify the specific causes of low efficiency in each scheme so that appropriate technical and management interventions can be targeted effectively.
h) Top of Form
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[bookmark: _Toc234311587]Figure 10:Scheme irrigation efficiency of the community-managed irrigation scheme
j) [bookmark: _Toc197804836]Distribution analysis of internal indicators using Box Plot
A visual comparison of all internal irrigation performance indicators is presented in Figure 11 using boxplots. The boxplots show substantial variability among the indicators, reflecting differences in the performance of the irrigation schemes. Among the indicators, SIE has the lowest median, at about 25.9%, with values ranging from 7.3% to 50.83%. This indicates generally low overall scheme irrigation efficiency and considerable variation across schemes. In contrast, DU and Ed show relatively high median values, both around the mid-80% range, suggesting better distribution performance compared with the other indicators. However, Ed shows a wider spread, with values ranging from about 26% to 93%, indicating that distribution efficiency differs considerably among schemes. Ec also has a relatively high median, around 75%, but its wide range, from about 30% to nearly 96%, shows substantial variation in conveyance performance.

The boxplots further show that Ea and Es have moderate median values. Ea has a median of about 52%, with values ranging from approximately 24% to 70%, indicating that field application efficiency remains an important area for improvement. The spread in Ea may reflect differences in field-level water management, land preparation, irrigation scheduling, and application practices. Es has a median of about 54%, with values ranging from about 48% to 90%. Although its lower range is relatively narrow compared with other indicators, the high maximum value indicates that some schemes perform much better than others in storing and retaining the required amount of water in the crop root zone.

Overall, the boxplots indicate that DU, Ed, and Ec generally performed better than Ea, Es, and especially SIE. Scheme irrigation efficiency remains the weakest performance indicator, showing that losses at different levels of the irrigation system combine to reduce overall scheme efficiency. The relatively broad distributions observed for Ec, Ed, Ea, and SIE imply that some schemes perform reasonably well, whereas others fall far below acceptable levels. This variation suggests that performance problems are not uniform across all schemes, and that scheme-specific diagnosis is required.

k) The boxplots also show some extreme values, particularly for Ed, Es, and SIE. For example, Ed extends down to about 26%, while Es reaches as high as 90%, and SIE ranges from 7.3% to 50.83%. These values indicate the presence of schemes with unusually low or high performance compared with the general pattern. Such differences may reflect site-specific technical problems, management limitations, infrastructure condition, water control capacity, or unique operational conditions. Overall, the boxplots provide a concise summary of both the central tendency and dispersion of irrigation performance indicators across the studied schemes. The results highlight the need for targeted technical, managerial, and institutional interventions, especially to improve application efficiency, storage efficiency, and overall scheme irrigation efficiency.Top of Form
l) Bottom of Form
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[bookmark: _Ref231036298][bookmark: _Toc234311588]Figure 11: Distribution of internal indicators
n) [bookmark: _Toc197805059]Relationship among Internal Performance Indicators 
The relationships among the internal irrigation performance indicators were examined using correlation analysis, as shown in Figure 12. Overall, the indicators were not strongly interdependent, except for the relationship of scheme irrigation efficiency with conveyance efficiency and application efficiency. The strongest positive correlation was observed between conveyance efficiency and scheme irrigation efficiency, Ec and SIE (r = 0.685), followed by application efficiency and scheme irrigation efficiency, Ea and SIE (r = 0.592). This indicates that overall scheme irrigation efficiency was mainly associated with the efficiency of water conveyance through the canal system and field-level water application.

Distribution efficiency also showed a moderate positive relationship with SIE (r = 0.379), suggesting that distribution performance contributed to overall scheme efficiency, although less strongly than Ec and Ea. Storage efficiency had a weak positive association with SIE (r = 0.245), while distribution uniformity showed only a very weak relationship with SIE (r = 0.146).

Most other pairwise relationships were weak. For example, Ec had weak correlations with Ea (r = 0.204), Es (r = 0.157), and DU (r = -0.032). Similarly, Ea showed almost no relationship with Es (r = -0.005). The strongest negative relationship was between Ed and Ea (r = -0.298), indicating that schemes with higher distribution efficiency did not necessarily achieve higher field application efficiency.

Overall, the correlation matrix shows that the internal indicators represent different aspects of irrigation performance and do not always improve together. Therefore, improving scheme irrigation efficiency requires integrated interventions targeting conveyance, distribution, and field application practices, with particular emphasis on improving Ec and Ea because of their stronger association with SIE.

[image: ]
[bookmark: _Ref231036355][bookmark: _Toc234311589]Figure 12: Correlation coefficients among internal indicators.
The integrated analysis of distribution uniformity (DU), application efficiency (Ea), and storage efficiency (Es) provides a broader understanding of irrigation system performance. The results show that many schemes achieved relatively good distribution uniformity, with more than half recording DU values above 80%. This suggests that, in many cases, the irrigation infrastructure is capable of distributing water fairly uniformly across fields. However, this favorable distribution performance was not consistently matched by high application or storage efficiency. Application efficiency was mostly moderate, with the largest proportion of schemes falling within the 40–55% range. This indicates that substantial water losses may occur during field application, mainly through deep percolation, runoff, poor irrigation timing, or inadequate control of applied depth.

Storage efficiency showed a more critical limitation. The relationship between Ea and Es indicates that improved storage efficiency is generally associated with moderate to high application efficiency, but the relationship is not automatic. Some schemes with relatively high Ea still recorded only moderate Es, suggesting that root-zone water storage is influenced not only by the amount of water applied, but also by soil characteristics, infiltration rates, soil moisture deficit, irrigation timing, land leveling, and field-level water control. Conversely, schemes with low application efficiency were mostly associated with poor or moderate storage efficiency.

The combined analysis of DU and Es, presented in Table 9, shows that relatively high distribution uniformity did not necessarily result in high storage efficiency. Most schemes were concentrated in the Es = 50–70% class, accounting for 42 schemes, while 33 schemes had Es below 50%. The largest share occurred in the DU = 80–90% and Es = 50–70% class, representing 14 schemes, followed by the DU = 80–90% and Es <50% class, with 12 schemes. A further 11 schemes had DU >90% but still remained within the Es = 50–70% category. This indicates that even where water was distributed uniformly, effective storage in the root zone may have been constrained by irrigation depth, timing, infiltration conditions, soil moisture status, and field-level management.

The joint analysis of Ea and Es, presented in Table 9, provides additional insight into field-level irrigation performance. About 38 schemes were concentrated in the Ea = 40–55% class. Within this group, 20 schemes achieved Es >70%, while 14 schemes were in the Es = 50–70% class and only four schemes had Es <50%. A further 32 schemes had Ea >55%; however, only eight schemes in this group achieved Es >70%, while 15 schemes remained in the Es = 50–70% class. Schemes with lower application efficiency were mostly associated with low to moderate storage efficiency. For example, 12 schemes had Ea below 40%, all being in the Es <50% and Es = 50–70% categories. These results suggest that higher application efficiency can contribute to improved storage efficiency, but poor scheduling, over-application, deep percolation, uneven field conditions, and weak control of irrigation depth may still limit effective root-zone storage.

Table 8 shows clearer relationship between Ea and DU,. Schemes with higher application efficiency were more frequently found in the better DU categories. Among schemes with Ea >55%, 10 schemes were in the DU = 80–90% class, seven and four schemes were in the DU 70–80% class, and DU >90% class respectively. Similarly, within the Ea = 40–55% group, eight schemes were in the DU = 80–90% class and 10 schemes were in the DU >90% class. In contrast, schemes with Ea <25% were very limited and occurred only in the DU <70% category. This pattern suggests that field-level application efficiency and distribution uniformity are more closely related to each other than either is to storage efficiency. Better field application practices appear to be associated with more uniform water distribution, while poor application performance is more common where DU is low.

Taken together, the results show that acceptable performance in one indicator may conceal weaknesses in another. Some schemes had high DU but only moderate or low Es, while others had relatively high Ea but did not achieve correspondingly high storage efficiency. This confirms that DU, Ea, and Es capture different aspects of irrigation performance. Therefore, improving overall irrigation performance requires more than addressing a single component. Interventions should combine improved water distribution, better field application practices, appropriate irrigation scheduling, land leveling, improved turnout control, and stronger on-farm water management.

Overall, the combined evidence suggests that irrigation improvement programs should adopt a multi-indicator approach. Moderate or high distribution uniformity does not necessarily lead to satisfactory root-zone water storage, and higher application efficiency does not always guarantee high storage efficiency. Therefore, performance assessment and irrigation management should consider Ec, Ea, DU, Es, and SIE together rather than evaluating each indicator separately. This provides a stronger basis for diagnosing scheme-specific problems and designing interventions that improve both system-level and field-level irrigation performance.Bottom of Form
[bookmark: _Ref231036425][bookmark: _Toc234311628]Table 8: Relationship among Internal Performance Indicators
	a) DU and Es Combined Analysis (Frequency of Schemes)

	DU/Es
	<50
	50-70
	>70
	All Schemes

	<70
	9
	6
	0
	15

	70-80
	8
	11
	0
	19

	80-90
	12
	14
	0
	26

	>90
	4
	11
	0
	15

	Total
	33
	42
	0
	75

	b) Ea and Es combined Analysis (Percentage of Schemes)

	Ea/Es
	<50
	50-70
	>70
	All Schemes

	<25
	0
	1
	0
	1

	25–40
	3
	9
	0
	12

	40–55
	4
	14
	20
	38

	> 55
	1
	15
	8
	24

	Total
	8
	39
	28
	75

	c) Ea and DU combined Analysis (Percentage of Schemes)

	Ea/DU
	<70
	70-80
	80-90
	>90
	Al schemes

	<25
	1
	0
	0
	0
	1

	25–40
	4
	6
	8
	1
	19

	40–55
	7
	6
	8
	10
	31

	>55
	3
	7
	10
	4
	24

	All Schemes
	15
	19
	26
	15
	75



5. [bookmark: _Toc234332902][bookmark: _Toc235091523]
6. [bookmark: _Toc234332903][bookmark: _Toc235091524]
7. [bookmark: _Toc234332904][bookmark: _Toc235091525]
7.1. [bookmark: _Toc234332905][bookmark: _Toc235091526]
7.1.1. [bookmark: _Toc234332906][bookmark: _Toc235091527]
i)	Principal component analysis 
[bookmark: _Ref231036503]Internal irrigation performance indicators provide insight into how effectively water is conveyed, distributed, applied, stored, and used within irrigation schemes. Since these indicators reflect different but related aspects of scheme operation, cluster analysis was used to classify schemes with similar internal performance characteristics.

The Ward hierarchical clustering of internal performance indicators grouped the schemes into four performance levels based on conveyance efficiency, distribution efficiency, application efficiency, distribution uniformity, storage efficiency, and overall scheme irrigation efficiency as shown in Table 9 Figure 13. Table 10 presents schemes per cluster.

Cluster 1 represents the relatively good internal-performance group. It includes 31 schemes and has high mean conveyance efficiency (81.5%), distribution efficiency (84.8%), distribution uniformity (81.9%), and storage efficiency (73.0%). Its application efficiency is moderate at 56.23%, while the mean scheme irrigation efficiency is the highest among the clusters at 38.8%. This indicates that schemes in this cluster generally performed better in conveying, distributing, and storing irrigation water, although field application efficiency still needs improvement.

Cluster 2 represents schemes with good distribution performance but weak overall efficiency. It includes 13 schemes and has the highest mean distribution efficiency (93.4%) and good distribution uniformity (81.9%). However, conveyance efficiency is low at 51.9%, application efficiency is also low at 36.3%, and scheme irrigation efficiency is the lowest among the clusters at 17.3%. This suggests that although water distribution within the command area was relatively uniform, large losses occurred during conveyance and field application.

Cluster 3 represents moderate internal-performance schemes with weak distribution efficiency and storage performance. It includes 15 schemes and has moderate conveyance efficiency (66.5%), application efficiency (54.5%), and distribution uniformity (80.5%). However, distribution efficiency is low at 55.5%, and storage efficiency is also the lowest among the clusters at 56.9%. The mean scheme irrigation efficiency is 20.0%, indicating that overall internal performance remained weak to moderate.

Cluster 4 represents low to moderate internal-performance schemes with weak application efficiency and distribution uniformity. It includes 15 schemes and has high conveyance efficiency (80.7%) and moderate distribution efficiency (74.9%) and storage efficiency (65.3%). However, application efficiency is low at 38.13%, and distribution uniformity is the lowest among the clusters at 64.5%. This shows that while water conveyance was relatively good, field-level application and uniform distribution were major constraints.

Overall, Cluster 1 can be considered the best-performing internal performance group, although it still requires improvement in application efficiency. Cluster 2 has strong distribution efficiency but poor conveyance and application performance. Cluster 3 shows moderate performance but is constrained by weak distribution efficiency and storage efficiency. Cluster 4 has good conveyance performance but is limited by poor application efficiency and low distribution uniformity. Therefore, improvement measures should be cluster-specific rather than uniform across all schemes.

[bookmark: _Ref233562575][bookmark: _Toc234311629]Table 9: Cluster Summary
	Cluster
	Schemes
	EC
	Ed
	Ea
	DU
	Es
	SIE

	
	
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range

	1
	31
	81.45
	56.0-95.0
	84.81
	65.0-100.0
	56.23
	42.0-68.0
	81.9
	42.0-96.0
	73
	53.0-99.0
	38.75
	25.90-51.20

	2
	13
	51.92
	30.0-76.0
	93.38
	85.0-100.0
	36.31
	27.0-52.0
	81.85
	70.0-93.0
	68.77
	42.0-90.0
	17.34
	10.71-26.52

	3
	15
	66.53
	40.0-88.0
	55.47
	26.0-70.0
	54.47
	37.0-70.0
	80.47
	46.00-96.0
	56.87
	34.0-85.0
	20.02
	7.28-29.38

	4
	15
	80.73
	64.0-96.0
	74.87
	51.0-100.0
	38.13
	24.0-54.0
	64.47
	39.0-88.0
	65.27
	48.0-89.00
	22.46
	14.92-28.76



[bookmark: _Ref231036559][bookmark: _Toc234311630]Table 10: CMIS Clusters of Schemes based on Internal Indicators
	Cluster
	#Schemes
	Name of Schemes

	Cluster 1
	31
	Atimena, Ayehu, Bilate, Bonga, Burabure, Chala, Cheleka, Chole Beyem, Dorso, Erba, Godino, Golina, Gonga, Gorsha, Haji Fajja, Harawa-1, Hargity, Kerfe, Keskash, Lugo, Mada Talila, Mengelle 39, Middle Sonka, Nanasha Gumguma, Otora, Shapa, Shaya, Silga, Walmal Guda, Walmal Tika, Weira

	Cluster 2
	13
	Abayi, Billa, Bule Koloba, Debeso 2ffa, Dereba, Durufli, Gibe Kechema, Kenji, Kishe, Lower Areb, Mentawuha, Tamsa, Ujummo

	Cluster 3
	15
	Ababa, Amibuha, Bete Chole, Chacha, Chifra, Ejersa, Gulo, Jorika, Mojo Tiqa, Oppi, Sublele, Swak, Wesarbi, Zaba Bezo, Zemeskel

	Cluster 4
	15
	Amid, Anderem, Chere, Dire Kiltu, Geray-2, Ketar Genet, Lega Holeta, Melka Oba, Meteray, Midhagdu, Qadalle, Regede, Wedessa, Woito, Wonji Kuriftu




[image: ]
[bookmark: _Ref231036631][bookmark: _Toc234311590]Figure 13: Principal cluster analysis of the internal indicators.

[bookmark: _Toc224622017][bookmark: _Toc231277754][bookmark: _Toc235091594]4.1.2	External Indicators for Community-managed irrigation scheme 
a) [bookmark: _Toc197984369]Agricultural Performance Indicators 
i) Physical Crop Water Productivity Indicators
Physical crop productivity indicators were used to assess irrigation performance among the community-managed irrigation schemes. The analysis considered land and water productivity at two levels: scheme level and crop level. Scheme-level indicators describe the combined productivity of all crops grown within each scheme, while crop-level indicators show how individual crops performed across different schemes. This distinction is important because schemes differ considerably in crop type, number of crops grown, irrigated area, water supply, yield level, crop management, and production purpose.

However, as some schemes grow only one crop, while others grow two, three, or more crops from different crop categories, direct scheme-to-scheme comparison based on weighted average productivity is misleading. For example, a scheme that grows only onion may record a higher weighted average productivity than another scheme that grows onion together with wheat and pepper. This does not necessarily mean that the onion-only scheme is better managed or more efficient. The lower productivity of wheat or pepper in the mixed-crop scheme may reduce the weighted average, even if onion productivity in that scheme is good. Therefore, scheme-level weighted productivity reflects both crop performance and crop composition, rather than irrigation performance alone.

For this reason, scheme-level productivity results should be used mainly as broad diagnostic indicators. They can help identify general performance patterns and schemes that may require further investigation, but they should not be used as the sole basis for ranking schemes. A more reliable comparison is obtained by assessing the same crop across different schemes. Accordingly, crops grown in more than 10 schemes were selected for crop-level productivity assessment. These repeated crops provide a common basis for comparing productivity performance and can also be used to assess scheme-level performance among schemes growing the same frequently recorded crops.
Scheme-level productivity 
Scheme-level land productivity was assessed using output per cropped irrigated area (OPCIA) and output per command area (OPCoA). OPCIA measures the physical output obtained from the area that was actually irrigated and cropped during the assessment period. It therefore reflects the productivity of the actively used irrigated land. OPCoA relates production to the total command area intended to be served by the scheme and therefore reflects both crop production and the extent to which the command area was effectively converted into productive use.

The scheme-level results in Appendix 2 show wide variation in weighted land productivity. OPCIA ranged from 16 qtl/ha in Ababa scheme, where wheat was the only recorded crop, to 231.07 qtl/ha in Harawa-1 scheme, where cabbage, onion, potato, and tomato were grown. Similarly, OPCoA ranged from 7.81 qtl/ha in Gonga scheme, where wheat was grown, to 300.61 qtl/ha in Wedessa scheme, where cabbage, chat, potato, and tomato, and wheat were recorded.

These values show the combined effect of crop productivity, crop composition, cropped area, and command-area utilization. They should therefore not be interpreted as direct evidence that one scheme is better than another. A scheme dominated by high-yielding vegetable crops may appear more productive than a scheme dominated by cereals, even if the irrigation system or field management is not necessarily superior. Similarly, a mixed-crop scheme may show a lower weighted average because lower-productivity crops reduce the overall value. Therefore, scheme-level productivity indicators are useful for identifying broad patterns, but they should be interpreted together with crop mix, command-area use, crop condition, input use, water control, and management practices.

Scheme-level water productivity 
Scheme-level water productivity was assessed using output per unit of diverted irrigation water (OPID) and output per unit of water consumed (OPWC). OPWC includes both diverted irrigation water and effective rainfall in the denominator. Since the denominator used for OPWC is equal to or greater than that used for OPID, OPWC is generally expected to be equal to or lower than OPID. The two indicators become equal only when effective rainfall is nil or negligible. As explained in the methodology section, the discussion focuses mainly on OPWC, although OPWCnet is also included in the results.

Appendix 6 shows that scheme-level water productivity calculated for seasonal crops varies considerably. OPID ranged from about 0.21 kg/m³ in Bonga scheme, where maize, onion, and sorghum were grown, to 17.45 kg/m³ in Harawa-1 scheme, where cabbage, onion, potato, and tomato were grown. OPWC ranged from about 0.21 kg/m³ in Bonga to 10.59 kg/m³ in Harawa-1. These results indicate that Harawa-1 generated higher physical output per unit of diverted irrigation water and total water, while Bonga generated lower output per unit of water. Similar to land productivity, these results should be interpreted cautiously because scheme-level water productivity is affected by crop mix, yield level, irrigated area, and water-supply conditions.

The difference between OPID and OPWC mainly reflects the influence of effective rainfall in the water-productivity calculation. Where OPID is much higher than OPWC, effective rainfall contributed a considerable share of the total water denominator. Where the two values are close, effective rainfall had little influence. However, these indicators do not directly explain conveyance losses, distribution losses, or field application problems. Such issues should be interpreted together with internal irrigation performance indicators, including conveyance efficiency, distribution efficiency, application efficiency, distribution uniformity, and storage efficiency.

Figure 14 compares the water-productivity range distribution for all crops and seasonal crops. For all crops, most CMIS were concentrated in the 1–2 kg/m³ and 2–5 kg/m³ classes. Specifically, 29 CMIS fell within the 1–2 kg/m³ range, while 24 CMIS were within the 2–5 kg/m³ range. Only a small number of schemes were found in the very low and very high productivity classes, with 4 CMIS below 0.5 kg/m³, 5 CMIS between 5–10 kg/m³, and only 1 CMIS above 10 kg/m³. This shows that, when all crops are considered, most schemes fall within low-to-moderate and moderate water-productivity ranges, while very high water productivity is uncommon.A similar pattern was observed for seasonal crops. Most schemes were again concentrated in the 1–2 kg/m³ and 2–5 kg/m³ classes, with 28 schemes in the 1–2 kg/m³ range and 20 schemes in the 2–5 kg/m³ range. Compared with the all-crops result, seasonal crops had slightly more schemes in the lower productivity classes: 5 schemes below 0.5 kg/m³ and 15 schemes between 0.5–1 kg/m³, compared with 4 and 12 CMIS, respectively, for all crops. Conversely, the number of schemes in the 2–5 kg/m³ class was lower for seasonal crops than for all crops. The higher productivity classes were similar in both cases, with 5 schemes in the 5–10 kg/m³ range and 1 scheme above 10 kg/m³.

Overall, the comparison shows that the distribution of water productivity for seasonal crops is broadly similar to that for all crops, but seasonal crops are slightly more concentrated in the lower productivity ranges. In both cases, most schemes fall between 1 and 5 kg/m³, indicating that moderate water productivity is the dominant condition. Only a limited number of schemes achieved water productivity above 5 kg/m³, suggesting that high-performing schemes are relatively uncommon. The identical class frequencies shown for OPID and OPWC indicate that, although the actual indicator values may differ, the schemes remained within the same productivity classes after grouping into ranges. This confirms that scheme-level water productivity is uneven and that improving irrigation scheduling, crop management, and field water application remains important for raising productivity in lower-performing schemes.
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Crop-level water productivity
Crop-level productivity was assessed to explain part of the variation observed at scheme level. This analysis is useful because the same scheme-level indicator may be influenced by the type of crops grown. Crop-level comparison shows whether differences are mainly associated with crop type, scheme condition or management practices. The analysis was therefore presented separately for seasonal crops and perennial or long-duration crops.

As water productivity of perennial crops cannot be assessed using seasonal water use, the analysis is limited to season crops. As shown in Table 11 among seasonal crops, onion, tomato, potato, cabbage and sweet potato recorded relatively higher land and water productivity than most cereals. Onion was grown in 33 schemes and recorded average OPCIA, OPID and OPWC values of 183 qtl/ha, 4.75 kg/m3 and 3.40 kg/m3, respectively. Tomato was grown in 31 schemes and recorded 170 qtl/ha, 3.82 kg/m3 and 2.90 kg/m3, while potato was grown in 14 schemes and recorded 164 qtl/ha, 3.96 kg/m3 and 2.68 kg/m3. Cabbage was grown in 14 schemes and recorded 141 qtl/ha, 2.69 kg/m3 and 2.18 kg/m3. These results indicate that several vegetable crops generated higher physical output per unit of land and water than cereals, although their performance varied widely among schemes.

Wheat and maize were the most frequently recorded cereals. Wheat was grown in 52 schemes and had average OPCIA, OPID and OPWC values of 36 qtl/ha, 1.11 kg/m³ and 0.89 kg/m³, respectively. However, the scheme-level values varied widely. Wheat OPCIA ranged from 1.80 qtl/ha in Sublele scheme to 150.00 qtl/ha in Kerfe scheme. Wheat OPID ranged from 0.22 kg/m³ in Middle Sonka scheme to 5.68 kg/m³ in Wesarbi scheme, while OPWC ranged from 0.20 kg/m³ in Geray-2 scheme to 4.04 kg/m³ in Abayi scheme. Maize was grown in 22 schemes and had average OPCIA, OPID and OPWC values of 50 qtl/ha, 1.28 kg/m³ and 0.88 kg/m³, respectively. At scheme level, maize OPCIA ranged from 0.23 qtl/ha in Geray-2 scheme to 53.93 qtl/ha in Dorso scheme. Maize OPID ranged from 0.05 kg/m³ in Golina scheme to 2.15 kg/m³ in Woito scheme, while OPWC ranged from 0.05 kg/m³ in Golina scheme to 1.37 kg/m³ in Woito scheme. These results show that wheat and maize generally had lower water productivity than most vegetable crops, although they remain important because of their wider area coverage and food security role. The productivity of thehse crops should therefore be interpreted in relation to both crop purpose and water-use performance.
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	Crop
	Frequency
	OPCIA (qtl/ha)
	OPID (kg/m³)
	OPWC (kg/m³)
	
	Crop
	Frequency
	OPCIA (qtl/ha)
	OPID (kg/m³)
	OPWC (kg/m³)

	Barely
	1
	27
	0.53
	0.43
	
	Onion Seed
	1
	25
	0.33
	0.29

	Beetroot
	1
	19
	0.88
	0.42
	
	Pepper
	22
	103
	2.12
	1.58

	Broccoli
	1
	20
	0.36
	0.31
	
	Potato
	14
	164
	3.96
	2.68

	Cabbage
	14
	141
	2.69
	2.18
	
	Sesame
	2
	13
	0.41
	0.27

	Carrot
	2
	198
	3.88
	3.19
	
	Sorghum
	3
	31
	0.50
	0.38

	Common bean
	1
	29
	0.38
	0.36
	
	Soyabean
	1
	26
	0.35
	0.32

	Cotton
	2
	26
	0.53
	0.42
	
	Sweet Potato
	3
	253
	5.97
	4.11

	Garlic
	3
	75
	1.77
	1.36
	
	Swisschard
	1
	120
	1.57
	1.39

	Kale
	4
	115
	2.15
	1.46
	
	Teff
	1
	12
	0.16
	0.14

	Maize
	22
	50
	1.28
	0.88
	
	Tomato
	31
	170
	3.82
	2.90

	Mung Bean
	1
	10
	0.22
	0.21
	
	Wheat
	52
	36
	1.11
	0.89

	Onion
	33
	183
	4.75
	3.40
	
	
	
	
	
	



Productivity classes of seasonal crops
Table 12 presents the distribution of crop observations across OPID and OPWC productivity classes based on the number of schemes falling within each class. The results show that productivity varied considerably among crops and across schemes growing the same crop. Wheat had the highest crop frequency, with 52 schemes, followed by onion with 33 schemes, tomato with 31 schemes, maize and pepper with 22 schemes each, and cabbage and potato with 14 schemes each. Most other crops were grown in only a few schemes, limiting broader comparison for those crops.

For wheat, OPID was mainly concentrated in the lower to moderate productivity classes: 7 schemes were below 0.5 kg/m³, 23 schemes were in the 0.5–1.0 kg/m³ class, 11 schemes were in the 1.0–2.0 kg/m³ class, 10 schemes were in the 2.0–5.0 kg/m³ class, and only 1 scheme reached the 5.0–10.0 kg/m³ class. When productivity was expressed as OPWC, wheat shifted further toward the lower classes, with 13 schemes below 0.5 kg/m³, 20 schemes in the 0.5–1.0 kg/m³ class, 14 schemes in the 1.0–2.0 kg/m³ class, and 5 schemes in the 2.0–5.0 kg/m³ class. No wheat scheme exceeded 5.0 kg/m³ under OPWC. Maize showed a similar low-to-moderate productivity pattern. Of the 22 maize schemes, OPID values were distributed across 4 schemes below 0.5 kg/m³, 9 schemes in the 0.5–1.0 kg/m³ class, 7 schemes in the 1.0–2.0 kg/m³ class, and 2 schemes in the 2.0–5.0 kg/m³ class. Under OPWC, 9 maize schemes were below 0.5 kg/m³, 10 schemes were in the 0.5–1.0 kg/m³ class, and 3 schemes were in the 1.0–2.0 kg/m³ class, with no scheme above 2.0 kg/m³.

Relatively higher OPID performance was observed for vegetable and high-value crops such as cabbage, onion, tomato, potato, sweet potato, kale, and pepper. For cabbage, 5 of the 14 schemes were in the 5.0–10.0 kg/m³ OPID class and 1 scheme exceeded 10.0 kg/m³. Onion was mainly concentrated in the 2.0–5.0 kg/m³ OPID class, with 15 schemes, followed by 7 schemes in the 5.0–10.0 kg/m³ class and 2 schemes above 10.0 kg/m³. Tomato also showed strong OPID performance, with 20 schemes in the 2.0–5.0 kg/m³ class, 7 schemes in the 5.0–10.0 kg/m³ class, and 1 scheme above 10.0 kg/m³. Potato had 5 schemes in the 2.0–5.0 kg/m³ OPID class, 3 schemes in the 5.0–10.0 kg/m³ class, and 2 schemes above 10.0 kg/m³. Sweet potato had 2 of its 3 schemes in the 5.0–10.0 kg/m³ OPID class, while kale had 2 schemes in the 2.0–5.0 kg/m³ class and 1 scheme in the 5.0–10.0 kg/m³ class.
However, the higher OPID performance of several crops was not always reflected in OPWC. For onion, OPWC values were concentrated in the 2.0–5.0 kg/m³ class with 15 schemes, followed by 7 schemes in the 5.0–10.0 kg/m³ class, 6 schemes in the 1.0–2.0 kg/m³ class, and 4 schemes in the 0.5–1.0 kg/m³ class. Tomato showed 17 schemes in the 1.0–2.0 kg/m³ OPWC class, 8 schemes in the 0.5–1.0 kg/m³ class, and 6 schemes in the 2.0–5.0 kg/m³ class. Pepper had lower OPWC performance than OPID, with 11 schemes below 0.5 kg/m³, 2 schemes in the 0.5–1.0 kg/m³ class, 4 schemes in the 1.0–2.0 kg/m³ class, and 5 schemes in the 2.0–5.0 kg/m³ class. Potato showed a wider OPWC distribution, with 1 scheme in the 0.5–1.0 kg/m³ class, 6 schemes in the 1.0–2.0 kg/m³ class, 4 schemes in the 2.0–5.0 kg/m³ class, 1 scheme in the 5.0–10.0 kg/m³ class, and 2 schemes above 10.0 kg/m³.

Overall, the productivity-class distribution confirms that crop productivity varied widely both among crops and within the same crop across schemes. Cereals such as wheat and maize were mostly concentrated in the lower and moderate productivity classes, especially under OPWC. In contrast, vegetable and high-value crops generally showed better productivity potential, particularly under OPID, although their performance was not uniform across schemes. The difference between OPID and OPWC also shows that productivity per unit diverted irrigation water does not always translate into similar productivity per unit total water supplied. Therefore, crop choice alone does not explain productivity performance. The same crop can fall into different productivity classes depending on scheme conditions, irrigation management, water control, yield level, and crop management practices.

[bookmark: _Ref232162137][bookmark: _Toc234311632]Table 12: Water productivity ranges of seasonal crops
	Crop
	Crop
Frequency
	OPID
	OPWC

	
	
	<0.5
	0.5-1
	1-2
	2-5
	5-10
	>10
	<0.5
	0.5-1
	1-2
	2-5
	5-10
	>10

	Barely
	1
	 
	1
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 

	Beetroot
	1
	 
	1
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 

	Broccoli
	1
	1
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 

	Cabbage
	14
	1
	 
	3
	4
	5
	1
	1
	1
	2
	5
	5
	 

	Carrot
	2
	 
	1
	 
	1
	 
	 
	 
	1
	 
	1
	 
	 

	Common bean
	1
	1
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 

	Cotton
	2
	1
	1
	 
	 
	 
	 
	2
	 
	 
	 
	 
	 

	Garlic
	3
	 
	 
	2
	1
	 
	 
	 
	 
	3
	 
	 
	 

	Hop
	0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Kale
	4
	 
	1
	 
	2
	1
	 
	 
	1
	 
	2
	1
	 

	Maize
	22
	4
	9
	7
	2
	 
	 
	9
	10
	3
	 
	 
	 

	Mung bean
	1
	1
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 

	Onion
	33
	 
	3
	5
	15
	7
	2
	 
	4
	6
	15
	7
	 

	Onion seed
	1
	1
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 

	Pepper
	22
	7
	6
	1
	8
	 
	 
	11
	2
	4
	5
	 
	 

	Potato
	14
	 
	 
	4
	5
	3
	2
	 
	1
	6
	4
	1
	2

	Sesame
	2
	2
	 
	 
	 
	 
	 
	2
	 
	 
	 
	 
	 

	Sorghum
	3
	1
	1
	1
	 
	 
	 
	1
	2
	 
	 
	 
	 

	Soyabean
	1
	1
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 

	Sweet potato
	3
	 
	 
	1
	 
	2
	 
	 
	 
	1
	1
	1
	 

	Swisschard
	1
	 
	 
	1
	 
	 
	 
	 
	 
	1
	 
	 
	 

	Teff
	1
	1
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 

	Tomato
	31
	 
	 
	3
	20
	7
	1
	 
	 
	8
	17
	6
	 

	Wheat
	52
	7
	23
	11
	10
	1
	 
	13
	20
	14
	5
	 
	 



Productivity of crops grown in more than 10 schemes
The repeated-crop analysis was conducted for seasonal crops grown in more than 10 schemes. This approach was used because direct comparison of all schemes using weighted average productivity is not appropriate where crop composition differs among schemes. By focusing on the same crops across several schemes, the analysis provides a more reliable basis for comparing crop-level productivity and for assessing scheme-level performance among schemes that grow the most frequently recorded seasonal crops.

For each crop, output per cropped irrigated area (OPCIA), output per diverted irrigation water (OPID), and output per water consumed (OPWC) were compared across schemes. Table 13 summarizes the results for seven frequently grown seasonal crops, while detailed scheme-level results are provided in Appendix 7.

[bookmark: _Toc234311633]Table 13: Summary of seasonal crops cultivated in more than 10 CMIS
	Crop
	Frequency
	OPCIA
	OPID
	OPWC

	
	
	Range
	Average
	Median
	Q3
	Range
	Average
	Median
	Q3
	Range
	Average
	Median
	Q3

	Cabbage
	14
	20.00–480.00
	192.56
	144.00
	259.21
	0.26–10.36
	4.48
	3.68
	6.61
	0.02–1.38
	0.48
	0.42
	0.63

	Maize
	22
	4.00–70.00
	39.27
	40.00
	45.00
	0.05–2.15
	0.93
	0.92
	1.14
	0.003–1.10
	0.29
	0.20
	0.33

	Onion
	33
	40.00–250.00
	150.56
	150.00
	180.00
	0.86–12.84
	4.32
	3.55
	5.36
	0.05–2.64
	0.69
	0.35
	0.96

	Pepper
	22
	7.00–200.00
	67.65
	20.00
	115.03
	0.12–4.66
	1.44
	0.76
	2.42
	0.0001–0.84
	0.15
	0.07
	0.22

	Potato
	14
	70.00–260.00
	148.30
	131.95
	175.00
	1.17–19.64
	5.78
	2.99
	7.15
	0.05–9.59
	1.83
	0.72
	1.61

	Tomato
	31
	79.00–290.00
	176.21
	165.00
	230.00
	1.33–12.46
	4.02
	3.27
	4.79
	0.06–3.15
	0.64
	0.45
	0.80

	Wheat
	52
	16.00–60.00
	34.56
	33.50
	40.00
	0.22–5.68
	1.33
	0.89
	1.61
	0.04–4.04
	0.77
	0.55
	1.15



For cabbage, OPCIA varied widely, from 20 to 480 qtl/ha. The mean value was 192.5 qtl/ha, while the median and Q3 values were 144 and 259.2 qtl/ha, respectively. OPID ranged from 0.26 to 10.36 kg/m³, with a mean of 4.48 kg/m³, a median of 3.68 kg/m³ and a Q3 value of 6.61 kg/m³. Similarly, OPWC ranged from 0.23 to 6.92 kg/m³, with corresponding mean, median and Q3 values of 3.47, 2.53 and 5.74 kg/m³. The large gap between the median and Q3 values, particularly for OPID, and OPWC, shows that upper-performing cabbage schemes achieved substantially better productivity than the majority. The results also suggest that strong land productivity was not always accompanied by equally high water productivity, reflecting the combined influence of irrigation performance, crop husbandry and scheme-level management.

Maize showed considerable differences among schemes. OPCIA ranged from 40.0 to 70.0 qtl/ha, with a mean of 39.3 qtl/ha, a median of 40.0 qtl/ha and a Q3 value of 45.0 qtl/ha. The mean was close to the median, suggesting that the values were not strongly skewed and that most schemes were clustered around the average, although some variation among schemes remained.. In terms of water productivity, OPID ranged from 0.05 to 2.15 kg/m³, with mean, median and Q3 values of 0.93, 0.92 and 1.14 kg/m³, respectively. OPWC followed a similar pattern, ranging from 0.05 to 1.37 kg/m³, with a mean of 0.65 kg/m³, a median of 0.60 kg/m³ and a Q3 value of 0.95 kg/m³. OPWCnet ranged from 0.09 to 4.04 kg/m³, with a mean of 1.43 kg/m³, a median of 1.07 kg/m³ and a Q3 value of 2.14 kg/m³. These results indicate generally low to moderate maize productivity, with considerable variation likely associated with water supply, irrigation management, crop variety, planting date, fertilizer use, crop stand and field-level management.

Onion had one of the widest productivity ranges among the assessed crops. OPCIA extended from 40.0 to 250.0qtl/ha, with a mean of 150.5 qtl/ha, a median of 150.0 qtl/ha and a Q3 value of 180.0 qtl/ha. OPID ranged from 0.86 to 12.84 kg/m³, while the mean, median and Q3 values were 4.32, 3.55 and 5.36 kg/m³, respectively. OPWC was slightly lower, ranging from 0.64 to 9.67 kg/m³, with a mean of 3.31 kg/m³, a median of 2.76 kg/m³ and a Q3 value of 3.99 kg/m³. These results suggest that onion has high productivity potential, but its performance is strongly dependent on management quality, including seed quality, fertilizer application, disease control, irrigation timing and market-oriented crop care.

For pepper, productivity was generally low in many schemes, although a few schemes achieved relatively better results. OPCIA ranged from 7.0 to 200.0 qtl/ha, with a mean of 67.6 qtl/ha, a median of 20.0 qtl/ha and a Q3 value of 115.0 qtl/ha. OPID ranged from 0.12 to 4.66 kg/m³, with a mean of 1.44 kg/m³, a median of 0.76 kg/m³ and a Q3 value of 2.42 kg/m³. OPWC ranged from 0.09 to 4.09 kg/m³, with a mean of 1.12 kg/m³, a median of 0.54 kg/m³ and a Q3 value of 1.71 kg/m³. The higher mean compared with the median across all indicators reflects the influence of a few better-performing schemes. Overall, pepper productivity appears to be affected by both irrigation performance and agronomic factors such as crop health, planting density, input use and harvesting condition.

Potato showed relatively strong productivity potential, but performance differed greatly from one scheme to another. OPCIA ranged from 70.0 to 260.0 qtl/ha, with a mean of 148.3 qtl/ha, a median of 132.0 qtl/ha and a Q3 value of 175.0 qtl/ha. Water productivity varied even more sharply. OPID ranged from 1.17 to 19.64 kg/m³, with mean, median and Q3 values of 5.78, 2.99 and 7.15 kg/m³, respectively. OPWC ranged from 0.70 to 16.11 kg/m³, with a mean of 4.17 kg/m³, a median of 2.14 kg/m³ and a Q3 value of 3.78 kg/m³. The large difference between the mean and median, particularly for water productivity indicators, shows that a few schemes achieved very high values and strongly influenced the average. Potato therefore has high potential for both land and water productivity, but realizing this potential consistently requires good seed quality, adequate soil fertility, effective disease control and improved crop management.

Tomato displayed a comparatively more balanced distribution than several other vegetable crops, although scheme-level differences remained evident. OPCIA ranged from 79.0 to 2900.0 qtl/ha, with a mean of 176.2 qtl/ha, a median of 165.0 qtl/ha and a Q3 value of 230.0 qtl/ha. OPID ranged from 1.33 to 12.46 kg/m³, and its mean, median and Q3 values were 4.02, 3.27 and 4.79 kg/m³, respectively. OPWC ranged from 1.02 to 7.56 kg/m³, with a mean of 3.10 kg/m³, a median of 2.70 kg/m³ and a Q3 value of 3.65 kg/m. Compared with onion, potato and pepper, the gaps between mean and median values were relatively smaller for OPID and OPWC, suggesting a more balanced water-productivity distribution. Even so, the range of values indicates that tomato productivity was still influenced by differences in irrigation management, variety, pest and disease control, fertilizer application and market-oriented crop management.

Wheat had more observations than the other repeated crops and showed substantial, though comparatively moderate, variation. OPCIA ranged from 16.0 to 60.0 qtl/ha, with a mean of 34.5 qtl/ha, a median of 33.5 qtl/ha and a Q3 value of 40.0 qtl/ha. The closeness of the mean and median suggests a more balanced land-productivity distribution than that of several vegetable crops. OPID ranged from 0.22 to 5.68 kg/m³, with mean, median and Q3 values of 1.33, 0.89 and 1.61 kg/m³, respectively. OPWC ranged from 0.20 to 4.04 kg/m³, with a mean of 0.97 kg/m³, a median of 0.71 kg/m³ and a Q3 value of 1.22 kg/m³. These results indicate that irrigation performance alone cannot fully explain wheat productivity differences. Variations in input use, crop growth condition, field management and yield measurement also appear to have contributed to the observed scheme-to-scheme differences.

Overall, the repeated-crop summary shows substantial variation in productivity among schemes for all crops. Cabbage, onion, potato and tomato showed relatively high water productivity potential, particularly under OPID, while maize and wheat had lower median water productivity compared with several vegetable crops. In most cases, the mean was higher than the median, showing that a small number of high-performing schemes raised the average. These results confirm that productivity indicators should be interpreted together with internal irrigation indicators and agronomic conditions. Schemes with low productivity but acceptable irrigation performance may require stronger agronomic and crop management support, whereas schemes with both low productivity and weak irrigation performance require combined irrigation system improvement and crop management interventions.

[bookmark: _Toc197984370]ii)	Water Use Performance Indicators
 Relative Water Supply (RWS)	
This indicator reflects the adequacy of total water supply, including irrigation water supply and effective precipitation, relative to crop water demand. As Table 14 shows, marked variation was observed in RWS across the selected CMIS. RWS ranged from 0.21 to 3.64, with a mean of 1.14 and a median of 1.12, indicating that the overall distribution was centred slightly above the adequacy threshold of 1.0.

The distribution of RWS shows that 31 schemes, representing about 40.8% of the total, had RWS values below 1.0. This indicates that total effective water supply was less than crop water demand in a considerable proportion of schemes. Another 30 schemes, or about 39.5%, fell within the 1.0–1.5 range, suggesting generally adequate to moderately surplus water supply. A further 12 schemes, equivalent to 15.8%, had RWS values between 1.5 and 2.0. Only three schemes had RWS values above 2.0, of which one scheme exceeded 2.5. This indicates that very high excess total water supply was limited to a small number of schemes.

The lowest RWS was recorded at Mentawuha, with a value of 0.21, followed by Metaray at 0.39 and Gorsh at 0.42. These schemes experienced severe water deficit conditions relative to crop water demand. At the upper end, Otora recorded the highest RWS value of 3.64, followed by Ujummo at 2.24 and Golina at 2.05. These values show substantial surplus water supply in a few schemes. Overall, the RWS results indicate that water adequacy varied considerably among CMIS: while many schemes received insufficient total water supply, a larger group was close to or moderately above the adequacy threshold, and only a few schemes received excessive water. The findings highlight the need to improve irrigation scheduling, water allocation, conveyance and field-level water management so that water supply is better matched with crop water demand.

[bookmark: _Ref232577466][bookmark: _Toc234311634]Table 14: Water supply related indicators.
	Scheme Name
	RWS
	RIS
	 
	Scheme Name
	RWS
	RIS
	 
	Scheme Name
	RWS
	RIS
	 
	Scheme Name
	RWS
	RIS

	Ababa
	1.33
	0.24
	 
	Debesso
	0.96
	0.12
	 
	Karfe
	0.52
	0.06
	 
	Qadalle
	0.80
	0.15

	Abayi
	0.43
	0.10
	 
	Dereba
	0.50
	0.05
	 
	Kenji
	1.88
	1.08
	 
	Reged
	1.26
	0.25

	Amibuha
	1.17
	0.25
	 
	Dire kiltu
	0.57
	0.12
	 
	Keskash
	1.09
	0.37
	 
	Shapa
	1.19
	0.56

	Amid
	1.90
	0.54
	 
	Doroso
	1.48
	0.54
	 
	Keter genet
	1.21
	0.28
	 
	Shaya
	1.12
	0.36

	Anderem
	0.87
	0.18
	 
	Durufuli
	1.39
	0.17
	 
	Kishe
	0.72
	0.13
	 
	Silga
	1.84
	0.74

	Atimena
	1.57
	0.78
	 
	Ejersa
	1.40
	0.30
	 
	Lege Holeta
	0.88
	0.20
	 
	Sublele
	0.61
	0.10

	Ayehu Jimiri
	1.09
	0.50
	 
	Erba
	1.33
	0.52
	 
	Lower Areb
	1.37
	0.27
	 
	Swak
	1.91
	0.54

	Bete Chole
	1.01
	0.30
	 
	Geray II
	1.12
	0.29
	 
	Lugo
	0.53
	0.23
	 
	Tamsa
	1.10
	0.27

	Bilate
	0.77
	0.24
	 
	GibeKechema
	1.54
	0.18
	 
	Mada Talila
	1.31
	0.56
	 
	Ujummo
	2.24
	0.66

	Billa
	1.15
	0.19
	 
	Goderei
	1.30
	0.55
	 
	Melka Oba
	0.51
	0.13
	 
	Walmal Guda
	1.23
	0.72

	Bonga
	1.87
	0.58
	 
	Godino
	0.98
	0.49
	 
	Mengelle 40
	1.16
	0.30
	 
	Walmal Tika
	1.13
	0.55

	Bule koloba
	1.35
	0.20
	 
	Golina
	2.05
	1.08
	 
	Mentawuha
	0.21
	0.03
	 
	Wedessa
	1.08
	0.29

	Burabure
	0.89
	0.28
	 
	Gonga
	1.68
	0.68
	 
	Metaray
	0.39
	0.05
	 
	Weira
	0.91
	0.44

	Chacha
	1.39
	0.18
	 
	Gorsh
	0.42
	0.06
	 
	Middle Sonka
	1.64
	0.69
	 
	Wesebri
	0.48
	0.06

	Chala
	1.02
	0.41
	 
	Gulo
	0.79
	0.18
	 
	Midhegdu
	1.32
	0.44
	 
	Weyto
	0.94
	0.26

	Chere
	0.86
	0.29
	 
	Haja faja
	0.55
	0.23
	 
	Mojo Tiqa
	0.92
	0.19
	 
	Wonji kuriftu
	1.28
	0.33

	Cheleka
	0.57
	0.08
	 
	Harawa
	0.50
	0.12
	 
	Nanasha
	0.79
	0.31
	 
	Zaba zebo
	1.79
	0.58

	Chifra
	0.77
	0.15
	 
	Hargity
	1.42
	0.53
	 
	Opi
	1.63
	0.13
	 
	Zemeskel
	0.49
	0.10

	Cole Boyam
	0.88
	0.24
	 
	Jorika
	1.60
	0.29
	 
	Otora
	3.64
	5.54
	 
	 
	 
	 



Relative Irrigation Supply (RIS)
[bookmark: _Toc197984371]Relative Irrigation Supply expresses the adequacy of irrigation water supplied from diverted sources relative to crop irrigation demand. Based on column J of the CMIS_CWR sheet, RIS varied widely among the selected CMIS, ranging from 0.18 to 13.02. The mean RIS was 1.32, while the median was 1.16, indicating that more than half of the schemes supplied irrigation water at or above the estimated net irrigation requirement.

The RIS distribution shows a different pattern from the water-deficit interpretation. A total of 20 schemes, or about 26.7%, had RIS values below 0.75, indicating that irrigation supply was lower than crop irrigation demand in these schemes. However, 11 schemes, equivalent to about 14.7%, had RIS values between 0.75 to 1.0, showing that irrigation supply met the estimated irrigation requirement in these schemes. Thirteen schemes had RIS values between 1.0 and 1.25, suggesting adequate to moderate surplus irrigation supply. Another 8 schemes fell within the 1.25–1.5.0 range while 23 schemes had RIS above 1.5. Amontg these, seven schemes had RIS above 2, indicating very high irrigation supply relative to estimated demand.

The lowest RIS was observed at Mentawuha, with a value of 0.18, followed by Gorsh at 0.24 and Wesebri at 0.27. These low values indicate serious irrigation water shortage in the affected schemes. In contrast, Otora recorded an exceptionally high RIS value of 13.02, far above the adequacy threshold and much higher than all other schemes. It was followed by Ujummo at 2.53, Golina at 2.35, Zaba zebo at 2.31, Swak at 2.12 and Kenji at 2.12. These results indicate substantial irrigation oversupply in some schemes.

Overall, the RIS values show that irrigation water supply was not uniformly inadequate across the CMIS. Instead, the results indicate a mixed condition: about two-fifths of the schemes experienced irrigation deficit, while the majority had irrigation supply equal to or greater than the estimated irrigation requirement. The very high RIS value at Otora and the elevated values in several other schemes point to possible over-diversion, inefficient allocation or weak control of irrigation water. Therefore, improvement efforts should focus not only on increasing water supply in deficit schemes, but also on improving water allocation, scheduling and scheme operation so that available irrigation water is distributed more equitably and used more efficiently.

b) Area-related Performance Indicators 
 i)	Irrigation Ratio (IR)
The irrigation ratio (IR) expresses the proportion of the designed command area that is currently irrigated. It therefore indicates the extent to which the available irrigation infrastructure is being utilized relative to its planned service area. In the present study, IR showed considerable variation across the selected CMIS, ranging from 0.14 to 3.05, representing about a twenty-two-fold difference among schemes (Fig. 13). The median IR was 0.78, indicating that half of the schemes were irrigating less than 78% of their designed command area. The highest IR was recorded at Weyto (3.05), followed by Zemeskel (2.00), Kenji (1.67), Weira (1.62), and Dire Kiltu (1.45), indicating expansion of irrigated land beyond the originally designed command area.
Overall, most schemes were operating below their planned command area. About 77% of the schemes had IR values below 1.0, indicating contraction in the area irrigated relative to design capacity. About 43% had IR values below 0.75, while about 23% were irrigating less than half of their designed command area. These results suggest that irrigation infrastructure in many CMIS is underutilized. Possible reasons include water shortage, damaged or poorly maintained infrastructure, sedimentation, weak water management, limited operation and maintenance capacity, and inability of farmers to fully develop or cultivate the planned command area.

By contrast, a smaller group of schemes showed expansion beyond the designed command area. About 17% of the schemes had IR values greater than 1.0, while about 9% had IR values greater than 1.25, indicating substantial expansion beyond the original design in a few schemes. Such expansion may reflect local adaptation and increased demand for irrigated land, but it may also place additional pressure on the system and reduce the reliability and equity of water distribution. The lowest IR was observed at Silga (0.14), followed by Karfe and Tamsa (0.25 each), Gonga (0.26), and Atimena (0.28). These very low values indicate severe contraction of irrigated area and highlight the need to improve infrastructure functionality, water availability, and management capacity in order to achieve better land utilization across the CMIS.

[bookmark: _Ref232689976][bookmark: _Toc234311635]Table 15: Area related indicators.
	Scheme Name
	IR
	SIA
	 
	Scheme Name
	IR
	SIA
	 
	Scheme Name
	IR
	SIA
	 
	Scheme Name
	IR
	SIA

	Ababa
	0.78
	0.93
	 
	Debesso
	0.95
	1
	 
	Karfe
	0.25
	6
	 
	Qadalle
	0.43
	1

	Abayi
	0.74
	0.89
	 
	Dereba
	0.75
	1
	 
	Kenji
	1.67
	1.67
	 
	Reged
	0.64
	0.73

	Amibuha
	0.83
	1
	 
	Dire kiltu
	1.45
	1.91
	 
	Keskash
	1.1
	1.82
	 
	Shapa
	0.97
	1.15

	Amid
	0.62
	1
	 
	Doroso
	0.59
	0.84
	 
	Keter genet
	0.95
	1.41
	 
	Shaya
	1
	1

	Anderem
	0.93
	2.1
	 
	Durufuli
	1.29
	1.8
	 
	Kishe
	0.69
	1.03
	 
	Silga
	0.14
	1

	Atimena
	0.28
	2.33
	 
	Ejersa
	0.77
	1.85
	 
	Lege Holeta
	0.46
	5.5
	 
	Sublele
	0.79
	0.98

	Ayehu Jimiri
	1
	1.37
	 
	Erba
	0.68
	1
	 
	Lower Areb
	0.98
	5.25
	 
	Swak
	1
	1.1

	Bete Chole
	0.89
	1
	 
	Geray II
	0.78
	6
	 
	Lugo
	0.6
	1
	 
	Tamsa
	0.25
	0.42

	Bilate
	0.96
	1.26
	 
	GibeKechema
	0.44
	0.58
	 
	Mada Talila
	0.55
	1
	 
	Ujummo
	0.87
	1.01

	Billa
	0.94
	1
	 
	Goderei
	0.6
	0.6
	 
	Melka Oba
	0.78
	0.78
	 
	Walmal Guda
	0.91
	1.27

	Bonga
	0.4
	1
	 
	Godino
	0.73
	0.73
	 
	Mengelle 40
	0.84
	2.1
	 
	Walmal Tika
	0.54
	1.3

	Bule koloba
	0.69
	1
	 
	Golina
	0.9
	0.99
	 
	Mentawuha
	0.45
	0.68
	 
	Wedessa
	1.24
	1.49

	Burabure
	0.88
	1
	 
	Gonga
	0.26
	0.4
	 
	Metaray
	0.42
	1.12
	 
	Weira
	1.62
	1.94

	Chacha
	0.98
	1.67
	 
	Gorsh
	0.48
	0.8
	 
	Middle Sonka
	0.34
	1.36
	 
	Wesebri
	0.48
	6

	Chala
	1.31
	1.5
	 
	Gulo
	0.82
	1
	 
	Midhegdu
	0.77
	1.14
	 
	Weyto
	3.05
	4.64

	Chere
	1
	1
	 
	Haja faja
	0.77
	1
	 
	Mojo Tiqa
	1.14
	1.9
	 
	Wonji kuriftu
	0.67
	0.89

	Cheleka
	1.2
	1.38
	 
	Harawa
	0.79
	1
	 
	Nanasha
	1.14
	1.2
	 
	Zaba zebo
	1.21
	1.63

	Chifra
	0.51
	1.28
	 
	Hargity
	0.43
	1.18
	 
	Opi
	0.63
	1.26
	 
	Zemeskel
	2
	1

	Cole Boyam
	0.31
	1.04
	 
	Jorika
	0.4
	5
	 
	Otora
	0.75
	1.1
	 
	 
	 
	 



ii)	Sustainable Irrigated Area (SIA)
[bookmark: _Toc197984372]The sustainable irrigated area ratio (SIA) indicates the extent to which the currently irrigated area is consistent with the area that can be sustainably supported by the available irrigation water. As Table 15 shows, SIA showed wide variation, ranging from 0.40 to 6.00, with a median value of 1.04. This indicates that about half of the schemes had SIA values above 1.0, suggesting that the currently irrigated area was greater than the estimated sustainable irrigated area in many cases. The highest SIA values were recorded at Geray II, Karfe, and Wesebri, each with a value of 6.00, followed by Lege Holeta (5.50), Lower Areb (5.25), and Jorika (5.00). These high values suggest that irrigation may be stretched over areas larger than what can be sustainably supported, potentially increasing the risk of deficit irrigation, unreliable water delivery, and inequitable distribution among users.

By contrast, the lowest SIA values were recorded at Gonga (0.40), Tamsa (0.42), GibeKechema (0.58), Goderei (0.60), and Mentawuha (0.68). These low values suggest that the currently irrigated area was below the estimated sustainable irrigated area, indicating possible underutilization of available irrigation potential. However, low SIA should not automatically be interpreted as good performance, because it may also reflect damaged infrastructure, limited water delivery capacity, weak management, sedimentation, or farmers’ inability to fully cultivate the potential irrigable area. Therefore, SIA provides useful information on the balance between irrigated area and sustainable water availability, but it should be interpreted together with irrigation supply indicators to distinguish genuine water shortage from underutilization or overextension of the system.

Relatiohsip between SIA and water supply related indicators
A combined assessment of SIA, RWS, and RIS is important because irrigated-area expansion alone does not show whether performance is satisfactory. An increase in SIA may indicate better command-area utilization, but it may also mean that farmers are spreading limited water over a larger area. Therefore, area expansion should be interpreted together with water availability.

The results show that irrigated area changed differently across schemes. Some schemes contracted, many remained nearly stable, while others showed moderate or substantial expansion. However, the key issue is that expansion was not always supported by adequate water supply. Although many moderately and substantially expanded schemes had RIS and RWS values greater than 1.0, indicating adequate or surplus irrigation and total water supply, some expanded schemes operated under deficit conditions.

This is particularly important for schemes with SIA > 1.5. In this group, 8 schemes had RIS ≤ 1.0 and RWS ≤ 1.0, showing that substantial irrigated-area expansion occurred despite inadequate irrigation and total water supply. Such expansion may increase water stress, reduce irrigation depth, extend irrigation intervals, and lower crop performance.

The nearly stable group, 0.75 < SIA ≤ 1.0, also requires careful interpretation. Half of these schemes had adequate or surplus water supply, while the other half maintained similar irrigated area under deficit or near-deficit conditions. This suggests that farmers may have sustained the area by rationing water, reducing application depth, relying on rainfall or residual moisture, or accepting crop water stress.

Overall, the results indicate that area expansion should not be considered positive unless it is supported by adequate water availability. Expanding irrigated area without due consideration of RIS and RWS can lead to water shortage, crop stress, and reduced irrigation performance.
Top of Form

Bottom of Form
[bookmark: _Ref231306994][bookmark: _Toc234311636]Table 16: Matrix of Water Supply related Indicators and SIA
	Water supply Indicators
 
	SIA category

	
	<=0.75
	0.75-1
	1-1.5
	>1.5

	RIS Category
	<=0.75
	1
	9
	6
	4

	
	0.75-1
	1
	5
	1
	4

	
	1-1.5
	2
	8
	8
	3

	
	>1.5
	3
	6
	6
	8

	RWS Category
	<=0.75
	1
	9
	3
	3

	
	0.75-1
	1
	5
	4
	5

	
	1-1.5
	3
	10
	9
	7

	
	>1.5
	2
	4
	5
	4




At the lower end, 7 schemes had SIA values of 0.75 or less, indicating contraction of irrigated area. However, this contraction was not always linked to water shortage. Five of these schemes had RIS values greater than 1.0, while two schemes had RIS values of 1.0 or less. Similarly, five schemes had RWS values greater than 1.0, while two schemes had RWS values of 1.0 or less. This suggests that reduced irrigated area may not be caused only by inadequate water supply. Other factors, such as damaged infrastructure, limited labor, weak scheme management, market problems, input shortages, land preparation constraints, or farmers’ production decisions, may also explain the reduced irrigated area.

Overall, the revised results show that SIA was only partly associated with RWS and RIS. Many schemes with expanded irrigated area had adequate or surplus water supply, but a considerable number also expanded despite water-supply deficit. Similarly, some schemes with reduced irrigated area had adequate water supply, indicating that low SIA cannot automatically be interpreted as a water-shortage problem. Therefore, expansion of irrigated area should not be interpreted by itself as evidence of improved irrigation performance, and contraction of irrigated area should not be attributed only to water deficit. SIA should be evaluated together with RWS and RIS, as well as internal performance indicators and field-level management conditions, to identify whether the main problem is water shortage, over-expansion, infrastructure limitation, weak management, or underutilization of available resources.

Top of Form
Bottom of Form
a) Correlation Analysis of Performance Indicators
In addition to evaluating the external performance indicators individually, Pearson correlation analysis was conducted to examine the relationships among land productivity, water productivity, water supply adequacy, irrigation ratio, and sustainability of irrigated areas. The results are presented in Table 17 as a correlation matrix, which provides a concise visual summary of the direction and strength of association among the indicators. Blue colors indicate positive correlations, red colors indicate negative correlations, and darker shades represent stronger relationships. The matrix shows strong positive relationships between OPID and OPWC, and between RWS and RIS. It also shows moderate positive relationships among some productivity and area-utilization indicators, particularly between OPCoA and OPCIA, OPCIA and OPID, and OPCoA and IR. In contrast, the relationships between water productivity indicators and water supply indicators were generally weak and negative, indicating that higher water supply did not necessarily translate into higher water productivity.

[bookmark: _Ref232765589][bookmark: _Toc234311637]Table 17: Correlation matrix of external irrigation performance indicators
	Indicators
	OPCoA
	OPCIA
	OPID 
	OPWC
	RWS
	RIS
	IR
	SIA

	OPCoA
	1.00
	0.64
	0.35
	0.15
	-0.01
	0.00
	0.58
	0.13

	OPCIA
	
	1.00
	0.52
	0.35
	0.07
	0.02
	-0.09
	0.08

	OPID 
	
	
	1.00
	0.76
	-0.22
	-0.15
	-0.01
	-0.01

	OPWC
	
	
	
	1.00
	-0.23
	-0.18
	-0.08
	-0.15

	RWS
	
	
	
	
	1.00
	0.78
	-0.05
	-0.19

	RIS
	
	
	
	
	
	1.00
	-0.02
	-0.09

	IR
	
	
	
	
	
	
	1.00
	0.11

	SIA
	
	
	
	
	
	
	
	1.00



The analysis shows that the productivity indicators were generally positively related to one another. OPCIA showed a moderately strong positive correlation with OPCoA (r = 0.64) and a moderate positive correlation with OPID (r = 0.52). OPCoA also had a moderate positive correlation with OPID (r = 0.35) and a stronger positive correlation with IR (r = 0.58). These relationships indicate that schemes with higher land productivity also tended to perform better in terms of water productivity and command area utilization. However, the weak correlation between OPCoA and OPWC (r = 0.15) suggests that high output per command area was not always associated with high output per unit of net water supply plus effective rainfall.

The inclusion of OPWC provides a more complete understanding of water productivity. OPID measures output per unit of irrigation water diverted, while OPWC reflects output per unit of net irrigation supply plus effective rainfall. The strong positive correlation between OPID and OPWC (r = 0.76) indicates that schemes performing well in terms of diverted water productivity also generally performed well in terms of water consumed at the crop level. However, the correlation is not perfect, showing that the two indicators capture related but not identical aspects of irrigation water productivity. Therefore, OPID and OPWC should be interpreted together to distinguish whether low productivity is related to excessive diversion, low crop production, or inefficient field-level water use.

The water supply indicators showed a different pattern. RWS and RIS had a strong positive correlation (r = 0.78), indicating that the two indicators capture closely related aspects of water supply adequacy. However, their relationships with the productivity indicators were weak. RWS had very weak relationships with OPCoA (r = -0.01) and OPCIA (r = 0.07), and weak negative correlations with OPID (r = -0.22) and OPWC (r = -0.23). Similarly, RIS showed very weak relationships with OPCoA (r = 0.00) and OPCIA (r = 0.02), and weak negative correlations with OPID (r = -0.15) and OPWC (r = -0.18). These results suggest that greater water supply did not necessarily lead to higher land or water productivity. This may reflect the influence of irrigation scheduling, water control, conveyance and field application losses, crop choice, and agronomic management.

The area-utilization indicators also showed limited relationships with most other indicators. IR had a moderate positive correlation with OPCoA (r = 0.58), suggesting that schemes with better command area utilization tended to achieve higher output per command area. However, IR had weak or negligible relationships with OPCIA, OPID, OPWC, RWS, and RIS. SIA also showed weak relationships with all indicators, including a weak positive correlation with IR (r = 0.11). This indicates that current irrigation ratio and sustainability or expansion of irrigated area were only slightly related.

Overall, the correlation analysis indicates that productivity indicators were more closely associated with one another than with water supply adequacy indicators. The strong relationship between OPID and OPWC confirms that the two water productivity indicators are closely related, while the strong relationship between RWS and RIS confirms their common focus on water supply adequacy. However, the weak and mostly negative relationships between water supply indicators and water productivity indicators show that supplying more water alone does not guarantee better performance. Improved irrigation performance therefore depends not only on the amount of water supplied, but also on effective water control, irrigation scheduling, field water management, crop selection, and agronomic practices.

Boxplots of External Performance Indicators
Top of Form
Bottom of Form
The boxplots in Figure 15 show substantial variation among the external performance indicators of the irrigation schemes. The land productivity indicators, OPCoA and OPCIA, varied widely across schemes, indicating large differences in output per command area and output per cultivated irrigated area. OPCIA showed a higher median than OPCoA, suggesting that productivity appears higher when production is related to the actually cultivated irrigated area rather than the total command area. This difference indicates that command-area utilization influenced the productivity results. Both indicators showed high outliers, with OPCoA having the highest extreme value, indicating that a few schemes achieved much higher land productivity than the majority.

The water productivity indicators, OPID and OPWC, were mostly concentrated in the lower range, but both distributions were positively skewed and showed several high outliers. OPID generally had slightly higher values than OPWC because OPID was calculated using diverted irrigation water, whereas OPWC included effective rainfall in addition to irrigation water in the denominator. Adding effective rainfall increases the water volume used in the calculation and therefore reduces OPWC. The presence of several high outliers, particularly for OPID, indicates that a small number of schemes achieved much higher output per unit of water than the majority. This confirms that water productivity performance was uneven across the schemes.

The water-supply indicators, RWS and RIS, were generally centred around the adequacy threshold of 1.0, but their distributions showed different degrees of variation. RWS had a relatively compact interquartile range, with most schemes close to the adequacy range, although one scheme showed a high outlier. RIS showed a wider spread and one very high outlier, indicating greater variation in the relationship between diverted irrigation supply and irrigation requirement. Therefore, the boxplots suggest mixed water-supply conditions: many schemes were close to adequacy, while a few schemes showed substantial oversupply.

The irrigation ratio and sustainability of irrigated area indicators also showed important variation. IR was mostly concentrated below or around 1.0, indicating that many schemes irrigated less than or close to their reference command area. However, a few high outliers show that some schemes had much higher irrigation ratios than the majority. SIA had a median slightly above 1.0 and a wider spread than IR, suggesting that many schemes maintained or expanded their irrigated area relative to the reference condition. The high outliers in SIA, reaching above 5.0, indicate that a few schemes reported substantial expansion of irrigated area.

Overall, the boxplots confirm that external performance varied strongly among the irrigation schemes. Land productivity, water productivity, water-supply adequacy, irrigation ratio, and sustainability of irrigated area showed different distribution patterns. The results indicate that weak performance may be related to low production, low water productivity, inadequate or excessive water supply, low command-area utilization, or expansion of irrigated area beyond normal levels. Schemes with unusually high values should be examined further to determine whether they reflect good management practices, favourable scheme conditions, exceptional crop mix, or possible data and reporting differences.

[image: ]
[bookmark: _Ref233015323][bookmark: _Toc234311592]Figure 15: Boxplots of External Indicators.
[bookmark: _Toc197984373]
b) Cluster-Based Performance Analysis of Irrigation Schemes
· Top of Form
· Bottom of Form
Performance of irrigation schemes is inherently multidimensional, reflecting the combined influence of land productivity, water productivity, water-supply adequacy, irrigation ratio, and irrigated-area sustainability. Therefore, cluster analysis was used to classify schemes with similar external performance characteristics based on eight standardized indicators: OPCoA, OPCIA, OPID, OPWC, RWS, RIS, IR, and SIA. Since these indicators measure different aspects of performance and are expressed in different units, standardization was applied before clustering to ensure that each indicator contributed comparably to the classification.

Different clustering approaches have different analytical benefits. PCA-K-means clustering is useful because PCA reduces the dimensionality of the dataset and allows the clustering pattern to be visualized in two-dimensional space, while K-means provides a simple partition of schemes into a predefined number of groups. However, K-means is sensitive to initial cluster centres and may be strongly affected by extreme values. Hierarchical clustering, particularly Ward’s method, is useful for policy analysis because it groups schemes progressively based on overall similarity and minimizes within-cluster variation. It also provides a clearer basis for interpreting how schemes are grouped into performance levels.

In this study, Ward hierarchical clustering was selected as the final classification method because it produced more interpretable and policy-relevant performance groups. Prior to clustering, the influence of extreme values was reduced to avoid a classification dominated by outlier schemes. PCA was used only as a visualization tool to show the separation of the resulting clusters in reduced dimensional space. Two related clustering datasets were examined: one based on weighted average productivity for all crops, including perennial and seasonal crops, and another based only on seasonal crop productivity.

In this study, ward hierarchical clustering was selected as the final classification method because it produced more interpretable and policy-relevant performance groups. Prior to clustering, the influence of extreme values was reduced to avoid a classification dominated by outlier schemes. PCA was used only as a visualization tool to show the separation of the resulting clusters in reduced dimensional space. Two related clustering datasets were examined: one based on weighted average productivity for all crops, including perennial and seasonal crops, and another based only on seasonal crop productivity.

The comparison between the all-crop and seasonal-crop clustering results shows that the classification of schemes is affected by the way productivity is represented. In the all-crop analysis, the 75 schemes were grouped into clusters of 8, 16, 14, and 37 schemes. In the seasonal-crop analysis, perennial crops were excluded, and the 74 schemes were grouped into clusters of 8, 13, 29, and 24 schemes. This change in cluster size shows that excluding perennial crops changed the position of several schemes in the multidimensional performance space, particularly by increasing the number of schemes in the lower-productivity seasonal cluster and reducing the size of the large mixed-performance group observed in the all-crop analysis.

   [image: ]
[bookmark: _Ref232768379][bookmark: _Toc234311593]Figure 16: PCA plot of Ward hierarchical clusters of CMIS based on seasonal crops.
[bookmark: _Ref233038430][bookmark: _Toc234311638]Table 18: CMIS per cluster based on external indicators - seasonal crops.
a) Schemes per cluster based seasonal crops
	Cluster
	# Schemes
	Name of Schemes

	Cluster 1
	8
	Abayi, Dereba, Haji Fajja, Harawa-1, Lugo, Mentawuha, Meteray, Qadalle

	Cluster 2
	13
	Atimena, Chacha, Dorso, Erba, Golina, Hargity, Kerfe, Mada Talila, Midhagdu, Silga, Ujummo, Walmal Guda, Zaba Bezo

	Cluster 3
	29
	Ababa, Amibuha, Amid, Bete Chole, Billa, Bonga, Bule Koloba, Chifra, Chole Beyem, Debeso 2ffa, Ejersa, Gibe Kechema, Godino, Gonga, Gorsha, Gulo, Kishe, Melka Oba, Middle Sonka, Oppi, Otora, Regede, Shapa, Shaya, Sublele, Swak, Tamsa, Walmal Tika, Wonji Kuriftu

	Cluster 4
	24
	Anderem, Ayehu, Bilate, Burabure, Chala, Cheleka, Chere, Dire Kiltu, Durufli, Geray-2, Jorika, Kenji, Keskash, Ketar Genet, Lega Holeta, Lower Areb, Mengelle 39, Mojo Tiqa, Nanasha Gumguma, Wedessa, Weira, Wesarbi, Woito, Zemeskel



b) Schemes per cluster based on all crops.
	Cluster
	# Schemes
	Name of Schemes

	Cluster 1
	8
	Abayi, Dereba, Haji Fajja, Harawa-1, Lugo, Mentawuha, Meteray, Qadalle

	Cluster 2
	16
	Atimena, Chacha, Dorso, Erba, Goderei, Golina, Hargity, Kerfe, Mada Talila, Midhagdu, Silga, Ujummo, Walmal Guda, Walmal Tika, Wedessa, Zaba Bezo

	Cluster 3
	14
	Ababa, Amid, Bonga, Bule Koloba, Ejersa, Gibe Kechema, Gonga, Jorika, Middle Sonka, Oppi, Otora, Regede, Swak, Wonji Kuriftu

	Cluster 4
	37
	Amibuha, Anderem, Ayehu, Bete Chole, Bilate, Billa, Burabure, Chala, Cheleka, Chere, Chifra, Chole Beyem, Debeso 2ffa, Dire Kiltu, Durufli, Geray-2, Godino, Gorsha, Gulo, Kenji, Keskash, Ketar Genet, Kishe, Lega Holeta, Lower Areb, Melka Oba, Mengelle 39, Mojo Tiqa, Nanasha Gumguma, Shapa, Shaya, Sublele, Tamsa, Weira, Wesarbi, Woito, Zemeskel



[bookmark: _Ref233038437][bookmark: _Toc234311639]Table 19: Cluster summary of schemes based on External Indicators
a) Cluster summary based on seasonal crops 
	Cluster
	Number of schemes
	OPCoA
	OPCIA
	OPID
	OPWC
	RWS
	RIS
	IR
	SIA

	
	
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	SMean
	Range

	1
	8
	70.54
	17.94-181.74
	110.46
	24.00-231.07
	7.02
	3.96-17.45
	5.52
	2.18-10.59
	0.49
	0.21-0.80
	0.44
	0.18-0.78
	0.62
	0.42-0.79
	0.96
	0.68-1.12

	2
	13
	88.22
	19.00-164.95
	121.26
	53.08-164.95
	2.57
	1.34-4.44
	2
	1.20-3.95
	1.6
	1.23-2.24
	1.85
	1.37-2.53
	0.77
	0.14-1.67
	1.29
	0.84-2.33

	3
	29
	23
	4.88-41.68
	39.05
	16.00-76.14
	0.98
	0.21-2.48
	0.73
	0.20-1.86
	1.27
	0.42-3.64
	1.64
	0.24-13.02
	0.67
	0.25-1.00
	0.99
	0.40-1.85

	4
	24
	68.8
	13.29-293.15
	68.17
	28.00-175.88
	1.85
	0.61-5.68
	1.26
	0.51-2.32
	0.94
	0.48-1.60
	0.94
	0.27-1.80
	1.1
	0.25-3.05
	2.69
	1.00-6.00



b) Cluster summary based on all crops
	Cluster
	Number of schemes
	OPCoA
	OPCIA
	OPID
	OPWC
	RWS
	RIS
	IR
	SIA

	
	
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	SMean
	Range

	1
	8
	70.54
	17.94-181.74
	110.46
	24.00-231.07
	7.02
	3.96-17.45
	5.52
	2.18-10.59
	0.49
	0.21-0.80
	0.44
	0.18-0.78
	0.62
	0.42-0.79
	0.96
	0.68-1.12

	2
	16
	106.23
	21.29-300.61
	129.9
	53.08-180.00
	2.67
	1.24-4.44
	2.03
	1.11-3.95
	1.52
	1.08-2.24
	1.74
	1.12-2.53
	0.77
	0.14-1.67
	1.26
	0.60-2.33

	3
	14
	21.88
	7.81-41.68
	39.37
	16.00-58.20
	0.64
	0.21-1.13
	0.54
	0.21-0.96
	1.72
	1.26-3.64
	2.51
	1.29-13.02
	0.6
	0.26-1.00
	1.3
	0.40-5.00

	4
	37
	60.09
	9.66-293.97
	61.36
	24.76-175.88
	1.73
	0.57-5.68
	1.19
	0.46-2.45
	0.9
	0.42-1.39
	0.88
	0.24-1.61
	0.97
	0.25-3.05
	1.95
	0.42-6.00



The all-crop clustering provides a broader picture of overall scheme productivity where both perennial and seasonal crops are part of the production system. In this result, Cluster 1 contained 8 schemes and represented the highest water-productivity group, with mean OPID and OPWC values of 7.02 kg/m³ and 5.52 kg/m³, respectively, but with low RWS and RIS values of 0.49 and 0.44. Cluster 2 contained 16 schemes and had the highest land productivity, with mean OPCoA and OPCIA values of 106.23 qt/ha and 129.90 qt/ha, and relatively surplus water supply, with mean RWS and RIS values of 1.52 and 1.74. Cluster 3 contained 14 schemes and represented the lowest productivity group, with mean OPCoA, OPCIA, OPID, and OPWC values of 21.88 qt/ha, 39.37 qt/ha, 0.64 kg/m³, and 0.54 kg/m³, respectively, despite relatively high RWS and RIS values. Cluster 4 was the largest group, with 37 schemes, and was characterized by moderate land productivity, low to moderate water productivity, and the highest mean SIA value of 1.95, indicating relatively strong irrigated-area expansion or sustainability.

The seasonal-crop clustering gives a more focused picture of seasonal irrigation performance. In this result, Cluster 1 remained unchanged, with 8 schemes, and continued to represent the highest water-productivity group. It had the highest mean OPID and OPWC values, 7.02 kg/m³ and 5.52 kg/m³, while RWS and RIS remained low at 0.49 and 0.44. This indicates that these schemes achieved high water productivity under limited water-supply conditions. Cluster 2 contained 13 schemes and represented relatively high land productivity combined with surplus water supply and its mean OPCoA and OPCIA values were 88.22 qt/ha and 121.26 qt/ha, while mean RWS and RIS were 1.60 and 1.85. Cluster 3 became the largest seasonal-crop group, with 29 schemes, and represented the lowest productivity class, with mean OPCoA, OPCIA, OPID, and OPWC values of 23.00 qt/ha, 39.05 qt/ha, 0.98 kg/m³, and 0.73 kg/m³, respectively. Cluster 4 contained 24 schemes and was characterized by moderate land productivity, moderate water productivity, the highest mean IR value of 1.10, and the highest mean SIA value of 2.69, indicating relatively strong irrigated-area expansion or sustained area performance.

The comparison shows that Cluster 1 was stable in both analyses, indicating that the high water-productivity schemes were not strongly affected by whether perennial crops were included or excluded. However, the other clusters changed more noticeably. The high land-productivity group declined from 16 schemes in the all-crop analysis to 13 schemes in the seasonal-crop analysis. The lowest productivity group increased from 14 schemes in the all-crop analysis to 29 schemes in the seasonal-crop analysis, showing that several schemes appeared weaker when only seasonal crop productivity was considered. The group with strong SIA performance declined from 37 schemes in the all-crop analysis to 24 schemes in the seasonal-crop analysis, but its mean SIA increased from 1.95 to 2.69. This indicates that the seasonal-crop analysis isolated a smaller but more clearly defined group of schemes with high irrigated-area expansion or sustainability.

This difference is important for policy interpretation. The all-crop result is useful for understanding overall scheme productivity where perennial crops contribute to production. However, perennial crops can partly mask seasonal irrigation-management problems because their productivity reflects longer-term crop establishment, management, and yield conditions rather than only the seasonal irrigation performance of the assessment period. The seasonal-crop result is therefore more appropriate for identifying operational and management interventions related to seasonal water allocation, irrigation scheduling, command-area use, crop husbandry, and field-level water control. Accordingly, the seasonal-crop clustering was used as the main basis for policy and management interpretation, while the all-crop result was treated as a complementary perspective on overall scheme productivity.

Based on the seasonal-crop clustering, Cluster 1 represents the high water-productivity group under limited water supply. Cluster 2 represents schemes with relatively high land productivity and surplus water supply. Cluster 3 represents the lowest productivity group, where both land and water productivity were weak despite moderate to surplus water-supply conditions in some schemes. Cluster 4 represents schemes with relatively strong irrigated-area sustainability and irrigation ratio, but only moderate productivity. These differences show that scheme performance constraints are not uniform; therefore, improvement measures should be tailored to the dominant limitation of each cluster rather than applying the same intervention package to all schemes.

Management suggestions
Cluster 1: High water-productivity schemes under limited water supply
· Treat these schemes as useful learning cases for water productivity, since they achieved the highest OPID and OPWC despite low RWS and RIS.
· Identify the crops, irrigation practices, scheduling methods, and field-management conditions associated with this high water productivity.
· Improve water availability where feasible, but without weakening the efficient water-use practices already evident in the cluster.
· Assess whether the high performance reflects crop choice, deficit irrigation, stronger agronomic management, or more effective on-farm water control.

Cluster 2: High land-productivity schemes with surplus water supply
· Sustain the relatively high OPCoA and OPCIA values while improving water productivity.
· Improve water control, canal operation, irrigation scheduling, and on-farm application practices to raise OPID and OPWC.
· Reduce possible over-supply where RWS and RIS are above crop water requirements.
· Continue agronomic support so that high land productivity is maintained with more efficient water use.

Cluster 3: Lowest productivity schemes
· Give priority to improving both land and water productivity, since this cluster recorded the lowest mean OPCoA, OPCIA, OPID, and OPWC.
· Strengthen field-level irrigation management, crop husbandry, input use, and agronomic support.
· Improve irrigation scheduling and water distribution so that available water is converted more effectively into crop output.
· Strengthen farmer training, IWUA capacity, and command-area management, especially where low productivity is combined with weak area utilization.

Cluster 4: Schemes with high irrigation area sustainability but moderate productivity
· Consolidate the relatively strong SIA and IR performance while improving land and water productivity.
· Examine whether area expansion is being achieved at the expense of efficient water use or crop productivity.
· Improve water allocation, scheduling, and field-level application practices to increase OPID and OPWC.
· Support better crop management so that expanded or sustained irrigated areas produce higher output per unit of land and water.

Across all clusters
· Avoid blanket intervention packages.
· Tailor interventions to the dominant constraints of each cluster.
· Use Cluster 1 as a source of water-productivity lessons, Cluster 2 for improving efficiency under relatively good land productivity, Cluster 3 for priority productivity improvement, and Cluster 4 for linking area sustainability with better productivity outcomes.

Heatmap
The heatmap of normalized external indicator scores was used to visualize the relative performance of irrigation schemes across multiple external indicators simultaneously. Unlike boxplots, which show the distribution of each indicator separately, the heatmap shows the performance profile of each scheme across all indicators. The indicators were normalized to a common scale between 0 and 1 to allow direct comparison among variables measured in different units. In the heatmap, red cells indicate relatively high normalized values, white cells indicate intermediate values, and blue cells indicate relatively low values.

The heatmap was constructed using eight external performance indicators: OPCoA, OPCIA, OPID, OPWC, RWS, RIS, IR, and SIA. The results should be interpreted carefully for RWS and RIS because high values do not always indicate better performance. For these two indicators, high normalized values may indicate adequate water supply, but they may also reflect excess supply or over-irrigation when water application exceeds crop water requirements without corresponding productivity gains. Therefore, the heatmap should be interpreted by considering productivity, water-supply, irrigation-ratio, and irrigated-area sustainability indicators together, rather than judging scheme performance from a single indicator.

Figure 17 presents the cluster-wise heatmaps of normalized external performance indicators for the four Ward clusters. The heatmaps complement the PCA, dendrogram, and cluster-summary results by showing how individual schemes within each cluster differ across the eight indicators. They also reveal within-cluster variation, showing that schemes grouped in the same cluster may still differ in the specific indicators that drive their performance.
     

[bookmark: _Ref233462561][bookmark: _Toc234311594]Figure 17: Heatmap of scheme external indicators performance score (normalized)

Cluster 1 shows the strongest water-productivity profile among the four clusters. Harawa-1 stands out clearly with very high normalized values for OPCIA, OPID, and OPWC, indicating strong cultivated-area productivity and very high output per unit of water. Haji Fajja also shows relatively high values for OPCIA and OPWC, while Lugo and Mentawuha show moderate to high values for some productivity indicators. In contrast, RWS and RIS values are generally low across the cluster, indicating that these schemes achieved relatively high productivity under limited water-supply conditions. This supports the interpretation of Cluster 1 as a high water-productivity group. These schemes may provide useful learning cases for efficient water use, crop choice, irrigation scheduling, and field-level management, although the low water-supply indicators suggest the need to assess whether this performance is sustainable under variable water availability.

Cluster 2 is characterized mainly by relatively stronger land productivity and better water-supply conditions than most other clusters. Several schemes, including Chacha, Erba, Golina, Midhagdu, Silga, Ujummo, and Walmal Guda, show comparatively higher OPCIA values. Some schemes also show moderate to high RWS values, indicating more favourable total water-supply conditions. However, OPID and OPWC are generally low to moderate, showing that higher land productivity does not necessarily translate into high water productivity. The heatmap therefore suggests that Cluster 2 schemes have relatively good production performance, but still require improvements in water control, irrigation scheduling, and on-farm application practices to raise output per unit of water.

Cluster 3 is the largest group and shows generally low normalized values for land productivity and water productivity indicators. Most schemes in this cluster have low OPCoA, OPCIA, OPID, and OPWC scores, indicating weak conversion of land and water resources into crop output. However, some schemes show relatively higher RWS values, and Qarsa stands out with very high RWS and RIS values. This indicates that water availability alone did not lead to better productivity in this cluster. The main limitation appears to be the effectiveness with which available land and water were converted into output. Cluster 3 should therefore be treated as the priority group for productivity improvement, including better crop husbandry, irrigation scheduling, field-level water management, input use, farmer training, and stronger scheme-level management.

Cluster 4 shows a different performance pattern. Several schemes in this group have relatively high normalized values for SIA, and some also show high IR, indicating stronger irrigated-area sustainability or command-area utilization. Jerika, Kenji, Lega Holeta, and Woito show notably high SIA values, while Woito also shows a very high OPCoA and IR value. However, OPID and OPWC are mostly low to moderate, and RIS values are generally low. This suggests that Cluster 4 is not mainly defined by high water productivity, but by relatively stronger area performance combined with moderate or weak productivity. The generally low water-productivity scores indicate that area expansion or sustained irrigated-area performance should be accompanied by improved crop productivity, better irrigation scheduling, and more efficient field-level water use.

Overall, the heatmap confirms that external performance varies substantially among schemes and across indicators. Cluster 1 is distinguished by high water productivity under limited water supply; Cluster 2 by relatively stronger land productivity and more favourable water-supply conditions; Cluster 3 by generally low productivity despite some schemes having adequate or surplus water supply; and Cluster 4 by stronger irrigated-area sustainability and irrigation ratio but only moderate productivity. The heatmap reinforces the conclusion that improving irrigation performance should not rely only on increasing water supply. Instead, interventions should be targeted according to the dominant limitation of each cluster, including improved irrigation scheduling, better water control, canal and field application management, command-area utilization, crop productivity improvement, and strengthened IWUA capacity.

Hierarchical Clustering of External Performance Indicators
Hierarchical dendrogram analysis was used to examine the similarity structure among irrigation schemes while retaining the four PCA/Ward cluster labels. The analysis used the same eight external performance indicators applied in the clustering: OPCoA, OPCIA, OPID, OPWC, RWS, RIS, IR, and SIA. These indicators were standardized before constructing the dendrogram so that variables measured in different units could contribute comparably to the similarity analysis. Unlike a separate hierarchical reclassification, the dendrogram in Figure 18 does not redefine the clusters; instead, it shows how hierarchically related schemes are while preserving the final PCA/Ward cluster membership.

The retained clusters consisted of four groups: Cluster 1 with 8 schemes, Cluster 2 with 13 schemes, Cluster 3 with 29 schemes, and Cluster 4 with 24 schemes. The coloured scheme labels in the dendrogram represent these retained clusters, while the black branching structure represents hierarchical similarity among schemes. Therefore, the dendrogram should be interpreted as a similarity structure superimposed on the final cluster classification, rather than as a new clustering result.

The dendrogram shows that the retained clusters were not completely separated into distinct and continuous hierarchical branches. Cluster 1, shown in red, appears as a small and relatively distinctive group located toward the right side of the dendrogram. This indicates that the schemes in this group have performance characteristics that separate them from most other schemes, consistent with their classification as a distinct high water productivity group under relatively limited water supply.

Cluster 2, shown in green, is concentrated mainly in the middle part of the dendrogram, although it is not completely isolated from neighbouring schemes. This suggests that Cluster 2 is a relatively coherent group, but still contains some internal variation. Its position reflects schemes with relatively high land productivity and comparatively better performance than the lower-productivity group, but with differences in water-supply and area-performance conditions.

Cluster 3, shown in light blue, is the largest group and is distributed across several parts of the dendrogram. This indicates that although the schemes were assigned to the same cluster based on their overall standardized performance profile, they are not all equally similar in the hierarchical structure. Cluster 3 should therefore be interpreted as a broad low-productivity group with internal subgroups, rather than as a compact and uniform group.

Cluster 4, shown in dark blue, is also distributed across more than one branch of the dendrogram. This suggests that the schemes in this cluster share enough overall similarity to be grouped together in the PCA/Ward classification, particularly in relation to irrigated-area sustainability and moderate productivity, but they still differ in their detailed similarity relationships. The spread of Cluster 4 across different branches indicates internal heterogeneity within this group.

[image: ]Overall, the dendrogram confirms that the retained PCA/Ward clusters capture meaningful differences among schemes, while also showing that some clusters, particularly the larger Clusters 3 and 4, contain internal subgroups. Therefore, the cluster classification provides the main basis for policy interpretation, whereas the dendrogram helps reveal within-cluster heterogeneity and similarity relationships among schemes. This supports the use of cluster-specific interventions, while also indicating that some schemes within the same cluster may require more detailed scheme-level diagnosis.
[bookmark: _Ref232775764][bookmark: _Toc197805041][bookmark: _Toc234311595]Figure 18. Hierarchical clustering of irrigation schemes

[bookmark: _Toc224622018][bookmark: _Toc231277755][bookmark: _Toc235091595]4.2. Household-managed irrigation schemes
[bookmark: _Toc224622019][bookmark: _Toc231277756][bookmark: _Toc235091596]4.2.1. Internal indicators for Household-managed irrigation schemes 
Assessment of field-level surface irrigation performance is important for understanding how effectively irrigation water is applied, distributed, and stored within the crop root zone under actual farm conditions. In this study, the performance of household-managed irrigation schemes was examined using three internal indicators: application efficiency (Ea), distribution uniformity (DU), and storage efficiency (Es). These indicators were considered jointly because they describe complementary dimensions of field-level irrigation performance: the proportion of applied water stored in the root zone, the uniformity of water distribution along the field, and the adequacy of soil-water storage after irrigation. 

Table 20 summarizes the internal performance indicators of the 39 household-managed irrigation schemes by soil texture, while the related graphs show both scheme-level variation and the percentage of schemes falling within different performance categories. The descending line graphs compare individual schemes within each soil texture group, whereas the categorical column graphs show the share of schemes in each performance class. Soil texture affects infiltration, water-holding capacity, advance time, recession time, and surface irrigation behavior. However, differences among schemes within the same soil texture group are more likely related to management factors such as land leveling, inflow control, cut-off time, irrigation duration, field layout, field slope, and irrigator skill.


[bookmark: _Ref232777553][bookmark: _Toc234311640]Table 20: Statistical Summary of Selected HH Scheme Internal Indicators 
	Statistical parameter
	Ea
	DU
	Es
	Ea
	DU
	Es

	
	Heavy
	Medium
	Light
	Heavy
	Medium
	Light
	Heavy
	Medium
	Light
	All Soil Texture Groups

	Number of schemes
	28
	4
	7
	28
	4
	7
	28
	4
	7
	39
	39
	39

	Minimum
	27
	31
	51
	53
	68
	67
	53
	56
	57
	27
	53
	53

	Mean
	49
	31
	51
	53
	68
	67
	53
	56
	57
	49.5
	80.6
	73.1

	Median
	50.5
	38.5
	58
	83
	79
	88
	74.5
	70
	71
	51
	53
	53

	Third quartile (Q3)
	56
	42.25
	60.5
	91
	81.25
	88
	81.25
	79.5
	79
	57.5
	89
	80.5

	Maximum
	68
	43
	63
	94
	88
	89
	94
	81
	83
	68
	94
	94

	St deviation
	11.1
	5.7
	4.0
	12.5
	8.2
	8.0
	10.8
	12.6
	9.3
	10.95
	11.31
	10.57

	CV (%)
	22.6
	18.5
	7.8
	23.6
	12.0
	11.9
	20.4
	22.5
	16.3
	22.14
	14.03
	14.45



a) Application efficiency (Ea)
Application efficiency ranged from 27% to 68%, with an overall mean of 49.5%. Light-textured schemes recorded the highest mean Ea at 51%, followed closely by heavy-textured schemes at 49%, while medium-textured schemes recorded the lowest mean Ea at 31%.  The Figure 19 shows that a large proportion of schemes fell in the low and moderate application-efficiency classes. About 38.5% of schemes had Ea below 50%, including 28.2% under heavy-textured soils and 10.3% under medium-textured soils. About 46.2% of schemes fell within the 50–60% Ea category, mainly from heavy- and light-textured soils. Only about 15.4% of schemes had Ea above 60%, indicating that relatively few schemes achieved better application efficiency. This confirms that improving Ea should be a priority, particularly through better field leveling, improved control of applied depth, appropriate stream size, irrigation duration, and cut-off timing.



[bookmark: _Ref233088584][bookmark: _Ref233088498][bookmark: _Toc234311596]Figure 19: Percentage of schemes by field application efficiency category. 
b) Distribution uniformity (DU)
Distribution uniformity (DU) is an important indicator of field irrigation performance because it measures how evenly irrigation water is distributed over the irrigated field. A high DU indicates that water is applied more uniformly, thereby reducing the likelihood of over-irrigation in some parts of the field and under-irrigation in others. In contrast, low DU reflects uneven water distribution, which may result in crop stress in some areas and water wastage in others.

Distribution uniformity ranged from 53% to 94%, with an overall mean of 80.6%. Compared with Ea, DU showed better overall performance and lower variability, indicating that water distribution along the field was generally more uniform than application efficiency. Figure 20 shows that some schemes still had low uniformity, particularly toward the lower end of the ranked schemes. About 20.5% of schemes reached the >90% DU category, mainly from heavy-textured soils. About 35.9% of schemes fell within the 80–90% category, indicating that a considerable proportion of schemes had relatively good distribution uniformity. About 25.6% of schemes were in the 70–80% category, showing that a meaningful share of schemes still had weak distribution performance. These lower DU values are likely associated with management problems such as poor land leveling, irregular furrow or basin layout, inappropriate field length, variable inflow rate, and weak water control.

[bookmark: _Ref233088775][bookmark: _Toc234311597]Figure 20: Distribution efficiency of household schemes by DU category 
c) Storage efficiency (Es)
Storage efficiency ranged from 53% to 94%, with an overall mean of 73.1%. Figure 21 shows that about 38.4% of schemes fell below 70%, indicating inadequate storage of irrigation water in the crop root zone for a large proportion of schemes. About 35.9% of schemes were in the 70–80% category, while about 23.1% were in the 80–90% category. Only about 2.6% of schemes exceeded 90% storage efficiency. This shows that very few schemes achieved high storage efficiency, and many schemes require improvement in irrigation scheduling, timing of cut-off, applied depth, and control of water storage within the root zone.

Overall, the graph shows that household-managed irrigation schemes vary substantially in water application, distribution, and storage performance. The categorical graphs are important because they show the percentage of schemes in each performance class, while the descending graphs show the relative position of individual schemes within each soil texture group. Together, they confirm that improvement measures should not be based on soil texture alone. Priority should be given to low-performing schemes through improved field leveling, appropriate stream size, improved irrigation scheduling, better control of irrigation duration and cut-off time, and farmer training on field water management.


[bookmark: _Ref233089216][bookmark: _Toc234311598]Figure 21: Storage efficiency of household schemes by Es category 

d) Cluster-Based Performance Analysis of HMIS using internal indicators
Principal Component Analysis (PCA) was applied to the household-level internal irrigation performance indicators, namely application efficiency (Ea), distribution uniformity (DU), and storage efficiency (Es). These indicators describe field-level irrigation performance and show how effectively water is applied, distributed, and stored within the crop root zone. As shown in Table 21 and Figure 22, the first two principal components explained a substantial proportion of the total variation among household observations, with PC1 explaining 55.6% and PC2 explaining 25.5%. Together, PC1 and PC2 explained 81.1% of the total variation, indicating that the two-dimensional PCA plot provides a strong basis for visualizing differences among household-managed irrigation observations. Table 21 shows household managed_irrigation schemes by cluster.

The PCA score plot shows that the household observations were separated into four clusters based on their internal irrigation performance characteristics. The separation of clusters in the PC1–PC2 space indicates that households differ considerably in terms of application efficiency, distribution uniformity, and storage efficiency. K-means clustering was applied on the PCA scores, and the resulting clusters were displayed in the PCA ordination space. The use of stable relabeling helped present the clusters in a consistent order, while the confidence ellipses show the relative grouping and spread of household observations within each cluster.
[image: ]
[bookmark: _Ref231367212][bookmark: _Toc234311599]Figure 22: PCA ordination of HHIS by K-means cluster

[bookmark: _Ref233089514][bookmark: _Toc234311641]Table 21: Cluster Summary of HHIS internal indicators
	Cluster
	# HH-scheme
	Mean Ea
	Ea range
	Mean DU
	DU range
	Mean Es
	Es range

	1
	5
	36.8
	30–44
	62.2
	53–70
	61.6
	53–70

	2
	7
	36.71
	27–51
	84.71
	79–89
	64.0
	57–81

	3
	3
	61.67
	58–65
	62.0
	55–67
	69.29
	63–80

	4
	24
	54.29
	43–68
	85.6
	73–94
	78.67
	63–94



[bookmark: _Ref231368056][bookmark: _Toc234311642]Table 22: Household managed_irrigation schemes by cluster
	Cluster
	#schemes
	HH Schemes

	Cluster 1
	5
	HH_26, HH_27, HH_31, HH_4, HH_9

	Cluster 2
	7
	HH_14, HH_17, HH_20, HH_21, HH_23, HH_25, HH_29

	Cluster 3
	3
	HH_3, HH_6, HH_8

	Cluster 4
	24
	HH_1, HH_10, HH_11, HH_12, HH_13, HH_15, HH_16, HH_18, HH_19, HH_2, HH_22, HH_24, HH_28, HH_30, HH_32, HH_33, HH_34, HH_35, HH_36, HH_37, HH_38, HH_39, HH_5, HH_7



Cluster 1 comprised 5 observations and represented the weakest internal performance group. This cluster had the lowest mean Ea of 36.8%, with values ranging from 30% to 44%. It also had low DU and Es values, with mean DU of 62.2% and mean Es of 61.6%. The ranges of DU and Es were 53–70% for both indicators. This indicates that households in this cluster had relatively poor water application, uneven water distribution, and limited storage of applied water in the root zone. These observations require priority attention, especially in improving field application practices, irrigation depth control, land leveling, and uniformity of water distribution.

Cluster 2 included 7 observations and was characterized by low application efficiency but relatively high distribution uniformity. The mean Ea was only 36.71%, which is almost similar to Cluster 1, and ranged from 27% to 51%. However, mean DU was much higher at 84.71%, with a range of 79–89%. Mean Es was 64.0%, ranging from 57% to 81%. This suggests that water distribution among the field sections was relatively uniform, but the amount of water applied was not efficiently used by the crop root zone. The main issue in this cluster is therefore not uniformity, but excessive or poorly controlled application depth, leading to lower application efficiency. Management measures should focus on adjusting irrigation duration, improving irrigation scheduling, and reducing over-application.

Cluster 3 consisted of 3 observations and showed a different internal performance pattern. It had the highest mean Ea at 61.67%, ranging from 58% to 65%, indicating better application efficiency than the other clusters. However, its mean DU was only 62.0%, with a range of 55–67%, showing poor distribution uniformity. Mean Es was 69.33%, ranging from 63% to 80%. This means that while the applied water was relatively better used, the distribution of water within the field was uneven. The main intervention need for this cluster is therefore to improve water distribution through better field layout, leveling, furrow or basin management, and control of inflow distribution.

Cluster 4 was the largest group, comprising 24 observations, and represented the best overall internal performance group. This cluster had relatively high mean values for all three indicators: Ea was 54.29%, DU was 85.62%, and Es was 78.67%. The corresponding ranges were 43–68% for Ea, 73–94% for DU, and 63–94% for Es. Although Ea was lower than Cluster 3, Cluster 4 had the best combined performance because it maintained high DU and high Es while also showing moderate to relatively good Ea. This indicates better water distribution and better storage of applied water in the root zone. Households in this cluster may be considered relatively better-performing cases, although further improvement in application efficiency would still be useful.

Overall, the PCA and K-means results show that household-managed irrigation performance varies significantly among observations. Cluster 1 requires the most urgent improvement because all three internal indicators are low. Cluster 2 needs better control of irrigation application depth because DU is high but Ea remains low. Cluster 3 needs improvement in distribution uniformity despite having the best application efficiency. Cluster 4 represents the strongest overall internal performance group, with relatively good application efficiency and high DU and Es. Therefore, the PCA results support the need for cluster-specific recommendations rather than applying the same intervention to all household-managed irrigation observations.

[bookmark: _Toc224622020][bookmark: _Toc231277757][bookmark: _Toc235091597]4.2.2. External Indicators of Household-managed irrigation schemes in Ethiopia
a) Agricultural Output Indicators
Agricultural output indicators were used to evaluate crop productivity and water productivity performance across the household-managed irrigation schemes. As presented in Table 23, three indicators were considered: output per unit cultivated irrigated area (OPCIA), output per unit of diverted water (OPID), and output per unit of water consumed (OPWC). Appendix 7 provides indicators by household scheme. They provide complementary measures of performance by relating crop output to cultivated land area, diverted irrigation water, and total water consumed, respectively. The results show considerable variation among crops, indicating that agricultural performance was influenced by crop type, yield level, irrigation diversion, effective rainfall contribution, and overall water management. Therefore, Table 19 provides an important basis for comparing the productivity of different crops under the household-managed irrigation schemes.

i)	Output per unit cultivated area
[bookmark: _Hlk196829169]Output per unit cultivated irrigated area (OPCIA) indicates the crop output obtained per hectare of cultivated irrigated land. The results showed clear variation among crops, with OPCIA ranging from 28 qt/ha for barley to 300 qt/ha for carrot. The overall mean OPCIA was 190 qt/ha, while the median and third quartile (Q3) were 200 qt/ha and 276 qt/ha, respectively. The standard deviation was 95.56 qt/ha, with a coefficient of variation (CV) of 50.29%, indicating considerable variability in land productivity among crops. Carrot recorded the highest OPCIA, followed by onion and tomato at 280 qt/ha, cabbage at 272 qt/ha, and wheat at 265 qt/ha. In contrast, barley and maize showed relatively low OPCIA values, with 28 qt/ha and 85 qt/ha, respectively. This indicates that vegetables such as carrot, onion, tomato, and cabbage produced higher output per unit cultivated area than cereals such as barley and maize.

ii) Output per unit of diverted water
Output per unit of diverted water (OPID) measures the crop output produced per cubic meter of irrigation water diverted. OPID varied substantially among crops, ranging from 0.97 qt/m³ for barley to 10.42 qt/m³ for carrot. The mean OPID was 4.74 qt/m³, while the median and Q3 values were 3.55 qt/m³ and 6.00 qt/m³, respectively. The standard deviation was 2.99 qt/m³, and the CV was 62.99%, showing high variation in the productivity of diverted irrigation water among crops. Carrot had the highest OPID, followed by cabbage at 9.44 qt/m³, wheat at 6.27 qt/m³, tomato at 5.73 qt/m³, and onion at 4.80 qt/m³. Lower OPID values were observed for barley, maize, pepper, and potato, suggesting that these crops generated less output per unit of diverted irrigation water.

iii) Output per unit of water consumed
Output per unit of water consumed (OPWC) represents the crop output obtained per cubic meter of total water consumed, including irrigation water and effective rainfall. Based on the summary table, OPWC ranged from 0.97 qt/m³ for barley to 10.42 qt/m³ for carrot. The mean OPWC was 4.74 qt/m³, with a median of 3.55 qt/m³ and Q3 of 6.00 qt/m³. The standard deviation was 2.99 qt/m³, and the CV was 62.99%, indicating strong variation in total water productivity among crops. Carrot and cabbage showed the highest OPWC values, followed by wheat, tomato, and onion, while barley, maize, pepper, and potato had comparatively lower values. Overall, the results suggest that crop type, yield level, irrigation diversion, and effective rainfall contribution influenced water productivity, with carrot, cabbage, tomato, and onion showing relatively better performance.



[bookmark: _Ref233089875][bookmark: _Toc234311643]Table 23: Land and water productivity of seasonal crops grown in more than five schemes
	Indicator
	Crop
	Cabbage
	Carrot
	Maize
	Onion
	Pepper
	Potato
	Soyabean
	Tomato
	Wheat

	OPCIA (qt/ha)
	Min
	272.00
	300.00
	85.00
	280.00
	130.00
	100.00
	200.00
	280.00
	265.00

	
	Mean
	272.00
	300.00
	85.00
	280.00
	130.00
	100.00
	200.00
	280.00
	265.00

	
	Median
	272.00
	300.00
	85.00
	280.00
	130.00
	100.00
	200.00
	280.00
	265.00

	
	Q3
	237.00
	280.00
	60.00
	166.25
	70.00
	252.00
	31.00
	200.00
	36.25

	
	Max
	272.00
	300.00
	85.00
	280.00
	130.00
	100.00
	200.00
	280.00
	265.00

	
	Stdev
	192.33
	212.13
	60.10
	197.99
	91.92
	70.71
	141.42
	197.99
	187.38

	
	CV
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71

	OPID (kg/m³)
	Min
	8.95
	9.88
	2.80
	6.07
	1.37
	1.96
	5.90
	3.70
	9.58

	
	Mean
	9.44
	10.42
	2.56
	4.80
	2.58
	2.73
	3.14
	5.73
	6.27

	
	Median
	9.44
	10.42
	2.56
	4.80
	2.58
	2.73
	3.14
	5.73
	6.27

	
	Q3
	7.75
	6.07
	1.85
	5.45
	1.26
	6.95
	1.15
	7.25
	1.31

	
	Max
	9.44
	10.42
	2.56
	4.80
	2.58
	2.73
	3.14
	5.73
	6.27

	
	Stdev
	6.68
	7.37
	1.81
	3.39
	1.83
	1.93
	2.22
	4.05
	4.44

	
	CV
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71

	OPWC (kg/m³)
	Min
	9.44
	10.42
	2.56
	4.80
	2.58
	2.73
	3.14
	5.73
	6.27

	
	Mean
	9.44
	10.42
	2.56
	4.80
	2.58
	2.73
	3.14
	5.73
	6.27

	
	Median
	9.44
	10.42
	2.56
	4.80
	2.58
	2.73
	3.14
	5.73
	6.27

	
	Q3
	7.11
	4.80
	1.58
	4.17
	1.14
	6.76
	0.94
	4.38
	0.98

	
	Max
	9.44
	10.42
	2.56
	4.80
	2.58
	2.73
	3.14
	5.73
	6.27

	
	Stdev
	6.68
	7.37
	1.81
	3.39
	1.83
	1.93
	2.22
	4.05
	4.44

	
	CV
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71
	70.71



The aggregated productivity indicators by household-managed irrigation schemes show considerable variation in land and water productivity performance as shown Table 20. OPCIA ranged from 15 to 280 qt/ha, with a mean value of 128.98 qt/ha and a median of 144 qt/ha. The third quartile (Q3) was 189.67 qt/ha, indicating that 75% of the household schemes produced less than this level, while only 25% achieved higher productivity. The standard deviation was 76.04 qt/ha and the coefficient of variation was 58.95%, showing substantial variability in crop output per unit cultivated area among the household schemes. This variation suggests differences in crop type, cultivated area, yield level, and management practices across schemes.

OPID also varied widely among the household schemes. The minimum OPID was 0.767, while the maximum value reached 11.086, indicating a large difference in the ability of schemes to convert diverted irrigation water into agricultural output. The mean OPID was 3.160, while the median was 1.822, showing that many schemes performed below the average and that the distribution was influenced by a few high-performing schemes. The Q3 value was 4.755, meaning that only one-fourth of the schemes achieved OPID values above this level. The standard deviation was 2.594 and the CV was 82.07%, indicating very high variability in the productivity of diverted water among household schemes.

OPWC showed relatively lower variability than OPID but still differed noticeably among schemes. OPWC ranged from 0.503 to 6.544, with a mean value of 2.936 and a median of 2.584. The Q3 value was 4.382, indicating that most household schemes had OPWC values below this level. The standard deviation was 1.832 and the CV was 62.41%, suggesting considerable variation in total water productivity. The difference between OPID and OPWC values reflects the contribution of effective rainfall and total crop water consumption. Overall, the statistical results indicate that household-managed irrigation schemes differ greatly in their ability to generate agricultural output from cultivated land, diverted irrigation water, and consumed water.

b) Water Supply Indicators
i) Relative water supply
Relative water supply (RWS) indicates the adequacy of total water available to the crop in relation to crop water demand, taking into account both diverted irrigation water and effective precipitation. It therefore provides an important measure of whether crops received insufficient, adequate, or excessive water under field conditions. As shown in Table 24, RWS varied considerably among the evaluated household-managed irrigation schemes, ranging from 0.78 to 6.66, with a mean value of 1.41 and a median value of 1.1. The median value slightly above 1.00 indicates that, in more than half of the schemes, total water supply was at or above crop water demand. However, the high coefficient of variation of 67.9% shows substantial variability among schemes, indicating that water supply adequacy was highly uneven.

The highest RWS was recorded at HH-32, with an exceptionally high value of 6.66, followed by HH-21 at 2.48, HH-5 at 2.3, HH-24 at 2.05, and HH-20 at 2.05. These values indicate substantial oversupply of water relative to crop demand in these schemes. Overall, 30 out of the 39 schemes, equivalent to about 76.9%, had RWS values equal to or greater than 1.00, indicating that total water supply met or exceeded crop water demand in most household-managed schemes. In addition, 11 schemes, or about 28.2%, had RWS values greater than 1.50, meaning that total water supply exceeded crop demand by more than 50%. This suggests that over-supply of water was common in a considerable proportion of the schemes.

On the other hand, water deficit was also observed in some schemes. The lowest RWS values were recorded at HH-23 with 0.78, HH-26 with 0.82, HH-12 with 0.90, and HH-29 with 0.90. In total, 9 schemes, or about 23.1%, had RWS values below 1.00, indicating that total water supply was lower than crop water demand. However, only one scheme had an RWS value below 0.80, suggesting that severe deficit in total water supply was less common than over-supply. Overall, the results indicate that household-managed irrigation schemes experienced both over-supply and under-supply of water, but excess total water supply was more widespread. This highlights the need for improved irrigation scheduling and better matching of total water availability with actual crop water requirements in order to reduce water wastage in some schemes while avoiding water stress in others.

ii)	Relative Irrigation Supply
Relative irrigation supply (RIS) measures whether the irrigation water supplied is adequate in relation to crop irrigation demand and therefore serves as an important indicator of irrigation water management performance. It shows whether irrigation water applied to the field was insufficient, adequate, or excessive relative to crop irrigation requirement. As shown in Table 24, RIS varied widely among the evaluated household-managed irrigation schemes, ranging from 0.78 to 7.744, with a mean value of 1.58 and a median value of 1.16. The median value above 1.00 indicates that irrigation water supply exceeded crop irrigation demand in more than half of the schemes. The high coefficient of variation of 74.6% further shows large differences in irrigation water management among the schemes.

[bookmark: _Toc234311644]	Table 24: Water Supply Related External Indicators
	HH Scheme
	RWS
	RIS
	
	HH Scheme
	RWS
	RIS
	
	HH Scheme
	RWS
	RIS

	HH-1
	0.96
	0.95
	
	HH-14
	1.26
	1.27
	
	HH-27
	1.07
	1.08

	HH-2
	1.45
	1.74
	
	HH-15
	1.04
	1.05
	
	HH-28
	1.70
	2.40

	HH-3
	1.17
	1.22
	
	HH-16
	1.10
	1.10
	
	HH-29
	0.90
	0.87

	HH-4
	1.02
	1.02
	
	HH-17
	1.74
	1.86
	
	HH-30
	1.22
	1.53

	HH-5
	2.30
	3.19
	
	HH-18
	1.19
	2.04
	
	HH-31
	1.09
	1.10

	HH-6
	1.62
	1.80
	
	HH-19
	1.05
	1.06
	
	HH-32
	6.66
	7.74

	HH-7
	0.92
	0.87
	
	HH-20
	2.04
	2.26
	
	HH-33
	1.19
	1.19

	HH-8
	1.55
	1.55
	
	HH-21
	2.48
	2.60
	
	HH-34
	0.97
	0.96

	HH-9
	1.01
	1.01
	
	HH-22
	1.14
	1.17
	
	HH-35
	1.05
	1.06

	HH-10
	0.97
	0.97
	
	HH-23
	0.78
	0.78
	
	HH-36
	1.54
	2.73

	HH-11
	1.21
	1.57
	
	HH-24
	2.05
	2.06
	
	HH-37
	0.95
	0.95

	HH-12
	0.90
	0.89
	
	HH-25
	1.09
	1.16
	
	HH-38
	1.00
	1.00

	HH-13
	1.01
	1.02
	
	HH-26
	0.82
	0.78
	
	HH-39
	1.78
	1.95

	
	Statistical parameters

	Indicator
	Min
	Mean
	Median
	Q3
	Max
	Stdev
	CV
	

	RWS
	0.78
	1.41
	1.10
	1.54
	6.66
	0.96
	67.88
	

	RIS
	0.78
	1.58
	1.16
	1.83
	7.74
	1.18
	74.61
	



The highest RIS was recorded at HH-32, with an exceptionally high value of 7.74, followed by HH-5 at 3.19, HH-36 at 2.73, HH-21 at 2.6, and HH-28 at 2.40. These values indicate excessive irrigation water application well above crop irrigation requirement. Overall, 30 out of the 39 schemes, equivalent to about 76.9%, had RIS values equal to or greater than 1.00, showing that irrigation water supply met or exceeded irrigation demand in most of the evaluated schemes. Moreover, 15 schemes, or about 38.5%, had RIS values greater than 1.50, indicating that irrigation water application exceeded the required amount by more than 50%. This confirms that over-irrigation was a common feature in many household-managed irrigation schemes.

At the same time, inadequate irrigation supply was observed in a smaller but still important proportion of schemes. The lowest RIS values were recorded at HH-26 with 0.78, HH-23 with 0.78, HH-29 with 0.87, HH-7 with 0.88, and HH-12 with 0.89. In total, 9 schemes, or about 23.1%, had RIS values below 1.00, indicating that irrigation water supply was lower than crop irrigation demand. Only two schemes had RIS values below 0.80, showing that severe irrigation deficit was limited to a few schemes. Nevertheless, these low values indicate that crops in the affected schemes may have been exposed to water stress, which can reduce yield and water productivity.

Overall, the results indicate that household-managed irrigation schemes operated under both irrigation deficit and irrigation excess, although excessive irrigation application was more common than shortage. The higher mean and median values of RIS compared with RWS also suggest that irrigation water application, rather than effective rainfall contribution, was the main source of excess water supply in many schemes. This pattern reflects weak matching between irrigation water supply and actual crop water requirement. Therefore, improving irrigation scheduling, strengthening farmer awareness of crop water demand, and promoting better control of irrigation depth and timing are essential to reduce both under-irrigation and over-irrigation and thereby enhance water productivity and irrigation performance.Top of Form

Boxplot of HHIS External Indicators
The boxplot in Figure 23 shows clear differences in the level and variability of the five external performance indicators. Among the indicators, OPCIA has the highest central tendency in absolute terms, with a median of 144 qt/ha and a relatively wide interquartile range, indicating considerable variation in output per cultivated irrigated area among the household-managed schemes. OPID and OPWC also show substantial spread, as reflected by their wide boxes and whiskers, suggesting notable differences in water productivity performance across schemes. In particular, OPID has a strong right-skewed distribution, with a low median (1.82 kg/m³) compared with the upper range and a high outlier, indicating that while many schemes had low to moderate output per irrigation water diverted, a few performed exceptionally well. OPWC shows a somewhat more balanced distribution than OPID, but still with considerable variation, as indicated by its median of 2.58 kg/m³ and a maximum of 6.54 kg/m³.

The water supply indicators, RWS and RIS, also exhibit substantial variability, but their boxplots show that most schemes were clustered around values slightly above 1.0. The median values of 1.1 for RWS and 1.16 for RIS indicate that, in many schemes, total water supply and irrigation water supply slightly exceeded crop water demand. However, both indicators show strong positive skewness due to extreme upper outliers, especially for RWS and RIS, where a few schemes received far more water than required. The outliers and the relatively high coefficients of variation confirm that water management was inconsistent across schemes. Overall, the boxplot suggests that although many schemes operated around the adequacy threshold, both water productivity and water supply performance varied widely, highlighting the need for better water control, improved irrigation scheduling, and closer matching of water application to crop requirements.


[image: ]
[bookmark: _Ref230884551][bookmark: _Toc234311600]Figure 23: Boxplots of external performance indicators for the HH schemeBottom of Form
c)  Cluster-Based Performance Analysis of HMIS using External Indicators
Viewed through a multivariate lens, the household-managed irrigation schemes do not form a single performance pattern; rather, they separate into distinct groups defined by differences in land productivity, water productivity, and irrigation adequacy. To capture this heterogeneity, K-means clustering was applied using five household-level external performance indicators: OPCIA, OPID, OPWC, RWS, and RIS. Principal component analysis (PCA) was then used to visualize the clustering pattern in reduced-dimensional space. The first two principal components explained about 93.0% of the total variation, with PC1 accounting for 52.4% and PC2 accounting for 40.6%. This high explained variance indicates that the two-dimensional PCA plot provides a strong basis for interpreting the major differences among household-managed irrigation observations. PC1 mainly separates observations according to productivity-related indicators, while PC2 is strongly influenced by water supply indicators, particularly RWS and RIS. The analysis classified the household observations into four clusters, each representing a distinct performance typology with specific management implications.

The PCA score plot was used to visualize the K-means clustering results in reduced-dimensional space, as shown in Figure 23. The plot shows the relative position of household-managed irrigation observations based on the combined influence of OPCIA, OPID, OPWC, RWS, and RIS. The separation of clusters in the PC1–PC2 space indicates that the household-managed schemes differ substantially in terms of productivity performance and irrigation adequacy. The cluster mean profile also summarizes the mean values of the five external performance indicators for the four K-means clusters. Together, the PCA plot and the cluster mean profile show that household-managed irrigation schemes do not have a uniform performance pattern. Table 23 presents the cluster mean performance values, while Table 26presents the list of household observations by cluster.

Table 256 summarizes the mean external performance indicators for the four household clusters, while Table 27 presents the list of household observations by cluster. The results show clear differences among the clusters. Cluster 1 represents the lowest productivity group, with the lowest mean OPCIA, OPID, and OPWC values, while its RWS and RIS values are close to 1.0. Cluster 2 shows moderate productivity but relatively high RWS and RIS, indicating excess water supply and weak conversion of water into output. Cluster 3 represents the strongest productivity group, with the highest mean OPCIA, OPID, and OPWC values. Cluster 4 is an extreme outlier represented by HH_32, with exceptionally high RWS and RIS values.

 
[image: ]

[bookmark: _Ref231368816][bookmark: _Toc234311601]Figure 24: PCA Cluster of HH irrigation schemes based on K-means clustering
[bookmark: _Ref233105420][bookmark: _Toc234311645]Table 25: Performance-based cluster of HMIS
	Cluster
	# HH-scheme
	Mean OPCIA
	OPCIA range
	Mean OPID
	OPID range
	Mean OPWC
	OPWC range

	1
	11
	33.18
	15–70
	1.09
	0.77–1.63
	0.81
	0.5–1.32

	2
	13
	126.88
	60–200
	1.84
	1.1–2.8
	2.49
	1.58–4.38

	3
	14
	204.81
	150–280
	6.17
	3.7–11.09
	4.79
	3.14–6.54

	4
	1
	148.5
	148.5–148.5
	0.94
	0.94–0.94
	6.14
	6.14–6.14



[bookmark: _Ref231368995][bookmark: _Toc234311646]Table 26:Household schemes by cluster
	Cluster
	#schemes
	HH Schemes

	Cluster 1
	11
	HH_10, HH_13, HH_15, HH_19, HH_26, HH_27, HH_29, HH_30, HH_31, HH_34, HH_38

	Cluster 2
	13
	HH_14, HH_16, HH_17, HH_20, HH_21, HH_22, HH_24, HH_3, HH_35, HH_36, HH_39, HH_5, HH_6

	Cluster 3
	14
	HH_1, HH_11, HH_12, HH_18, HH_2, HH_23, HH_25, HH_28, HH_33, HH_37, HH_4, HH_7, HH_8, HH_9

	Cluster 4
	1
	HH_32



Cluster 1 comprised 11 observations and represented the weakest productivity group. This cluster had the lowest mean values for the three productivity indicators, with mean OPCIA of 33.18 qt/ha, mean OPID of 1.09 kg/m³, and mean OPWC of 0.81 kg/m³. Its mean RWS and RIS were 1.01 and 1.04, respectively, indicating that water supply was, on average, close to the crop water requirement. Therefore, the low productivity of this cluster cannot be explained mainly by either severe water shortage or excessive water supply. Instead, the weak performance is more likely related to agronomic, crop, input, soil fertility, crop choice, or household-level field management factors. Improving this cluster requires productivity-oriented support, including better crop husbandry, improved input use, appropriate crop selection, soil fertility management, and targeted technical advice.

Cluster 2 included 13 observations and was characterized by moderate land productivity and moderate water productivity under relatively high water supply. Its mean OPCIA was 126.88 qt/ha, while mean OPID and OPWC were 1.84 kg/m³ and 2.49 kg/m³, respectively. At the same time, mean RWS and RIS were 1.63 and 1.87, indicating that water supply was above the desirable adequacy range. This suggests that the main limitation in this cluster was not lack of water, but relatively weak conversion of supplied or available water into output. The priority intervention for this group should therefore focus on improved irrigation scheduling, better control of irrigation depth and timing, and stronger field-level water management to reduce over-application and improve water productivity.

Cluster 3 comprised 14 observations and represented the strongest productivity group. This cluster had the highest mean OPCIA, OPID, and OPWC values, estimated at 204.81 qt/ha, 6.17 kg/m³, and 4.79 kg/m³, respectively. Its mean RWS and RIS were 1.14 and 1.29, respectively, indicating that water supply was slightly above the crop water requirement but not as excessive as in Cluster 2 or Cluster 4. The results suggest that households in this cluster were more effective in converting land and water into agricultural output. These observations can be treated as relatively better-performing cases. However, the RWS and RIS values still indicate some degree of excess water supply, so maintaining their performance requires continued attention to irrigation scheduling, field-level water application control, and agronomic management.

Cluster 4 was represented by HH_32 alone, indicating that it behaved as an extreme outlier in the multivariate space. This observation had moderate OPCIA of 148.5 qt/ha and high OPWC of 6.14 kg/m³, but very low OPID of 0.94 kg/m³. More importantly, it had exceptionally high RWS and RIS values of 6.66 and 7.74, respectively. This shows a severe mismatch between irrigation water supply and crop water requirement. The PCA plot clearly separates HH_32 from all other observations because its water supply indicators are far higher than the rest of the dataset. This household observation requires immediate attention to irrigation scheduling and water application control, as the level of excess water supply is far beyond the desirable range and may reduce irrigation efficiency and overall system performance.

The PCA plot and the cluster mean profile together support the cluster structure identified by K-means analysis. Cluster 3 is positioned as the strongest productivity group, with the highest OPCIA, OPID, and OPWC values. Cluster 1 is separated as the lowest productivity group, despite having RWS and RIS values close to 1.0, indicating that its main constraints are likely related to production and agronomic management rather than water availability alone. Cluster 2 shows moderate productivity but relatively high RWS and RIS, suggesting inefficient conversion of available water into output. Cluster 4 is isolated by extreme water excess and should be treated as a special outlier case. Taken together, the combined use of PCA and K-means clustering provides a useful decision-support framework for distinguishing household-managed irrigation typologies, identifying dominant constraints, and guiding targeted interventions. Rather than applying the same recommendation to all household-managed schemes, the results indicate the need for cluster-specific strategies that respond to the particular balance of productivity and water-management conditions in each group.

[bookmark: _Toc224622021][bookmark: _Toc231277758][bookmark: _Toc235091598][bookmark: _Toc224622022]4.3	Challenges and Gaps in Community-Managed Irrigation Schemes
[bookmark: _Toc231277759][bookmark: _Toc235091599]4.3.1.	Community-managed irrigation schemes
The comprehensive assessment of 75 irrigation schemes across Ethiopia revealed a combination of structural, technical, and institutional constraints that are closely interconnected and collectively limit system efficiency, equity, and long-term sustainability. Although several challenges were identified, the most critical deficiencies were structural in nature, as they directly affect water conveyance and distribution throughout the schemes. Canal siltation was the most widespread problem, affecting more than 87% of the schemes, followed by severe weed infestation in 60% of the systems. In addition, cracked canals and the absence or malfunction of key control structures, such as division boxes and weir gates, further increased conveyance losses and undermined equitable water allocation among users. These structural problems should therefore be treated as the highest priority for intervention, requiring systematic desiltation, rehabilitation of damaged canals, installation and repair of water-control structures, and the establishment of clear operation and maintenance (O&M) responsibilities supported by effective accountability mechanisms at scheme level.

At the field level, poor land leveling, inappropriate furrow length and spacing, and the absence of scientifically based irrigation scheduling substantially reduced irrigation application efficiency. Addressing these weaknesses requires stronger technical support through farmer training, demonstration of improved field layout and on-farm water management practices, and the introduction of simple, locally adaptable irrigation scheduling tools. Strengthening linkages between irrigation schemes and extension services or other technical support institutions is also essential for institutionalizing these practices. Furthermore, site-specific environmental constraints, including steep slopes and localized soil salinity, further weakened technical performance in some schemes and call for targeted measures such as erosion control, improved drainage, and soil reclamation integrated within broader watershed and irrigation management planning. Overall, improving the performance and sustainability of community-managed irrigation schemes requires a balanced strategy that combines prioritized structural rehabilitation with stronger institutional arrangements, regular capacity building, and performance monitoring systems to ensure long-term functionality and equitable water use.
Top of Form
Bottom of Form

a)	Irrigation Infrastructure Problems 
i)	Siltation and Flow Obstruction Problems
Siltation and related flow obstruction problems were among the most widespread irrigation infrastructure constraints identified in this study. Figure 25 illustrates siltation in the canal at Metery and in the reservoir at Weira, while Figure 26 shows similar siltation problems at different structures in other schemes., siltation of canals was the first most frequently reported problem, affecting about three-fourths of the schemes, while siltation at intake affected nearly one-third. In addition, a small number of schemes reported night pond sedimentation, overflow in the main canal, and lack of silt trap, indicating that sediment-related problems extended beyond the main canal system into intake and storage components. The Oppi, Durufli, Abayi, Bila, Gorsh, Tamsa, Debeso 2ffa, and Mentawuha irrigation schemes recorded the lowest conveyance efficiency (Ec), with values below 60%, largely due to severe sediment accumulation. In schemes such as Godino and Gonga, sediment deposition had also extended into night-storage structures, reducing their effective storage capacity and limiting flexibility of water delivery, particularly during periods of low river flow.

The widespread occurrence of sedimentation problems appears to be mainly associated with upstream watershed degradation, poorly designed or inadequately protected intake structures that allow sediment to enter during high flows, and limited routine maintenance and desiltation at scheme level. As sediment accumulates within canal beds, intakes, and night-storage structures, the effective cross-sectional area available for flow is reduced, flow velocity declines, and hydraulic efficiency deteriorates. The result is poor water conveyance, disruption of irrigation schedules, reduction in stream size, and increasing difficulty in maintaining reliable and equitable water distribution among irrigators. The low but still notable occurrence of overflow, night pond sedimentation, and lack of silt trap further suggests that in some schemes sediment management is not integrated into the design and operation of the conveyance system.

These findings indicate that sedimentation and flow obstruction are not isolated technical problems, but system-wide constraints that affect both conveyance and operational flexibility. Addressing them requires a combination of upstream and scheme-level measures, including watershed rehabilitation to reduce sediment load, improvement or redesign of intake structures with appropriate sediment exclusion or settling facilities, installation of silt traps where necessary, and regular desiltation of canals and night-storage structures. Strengthening these measures would improve conveyance efficiency, restore storage functionality, and enhance the reliability of irrigation water delivery.
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[bookmark: _Ref230952544][bookmark: _Toc234311602]Figure 25: Siltation in canal at Metery and reservoir at Weira
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[bookmark: _Ref230952570][bookmark: _Toc234311603]Figure 26: Siltation at different structures of various community-managed irrigation schemes
ii)	Weeds infestations 
Weed infestation and maintenance gaps also emerged as major constraints affecting irrigation scheme performance. As indicated in, lack of  Figure 27 maintenance was one of the most frequently reported problems, affecting close to 60% of the schemes, while weed growth in canals was reported at a similarly high level. In addition, poor maintenance and no regular maintenance were also reported, confirming that maintenance-related weaknesses were widespread rather than incidental. Weed infestation was observed in schemes such as Ababa, Chacha, Kishe, Lower Areb, Sulele, Mojo, Otora, Tika, Silga, Burabure, Wesarbi, Mentawuha, Bule, Koloba, Swak, Meteray, Gulo, and Zemeskel. In many of these schemes, conveyance efficiency (Ec) declined to below 70%, indicating that weed infestation, together with weak maintenance, substantially impaired water conveyance.

The problem was often aggravated by slow-moving water caused by sediment accumulation and poorly maintained canal sections. Reduced flow velocity created favorable conditions for weed establishment and spread, which in turn further obstructed water movement and reduced conveyance performance. In this way, weed infestation and maintenance gaps were closely interrelated: inadequate cleaning and inspection allowed vegetation and sediment to accumulate, while obstructed canals became more difficult to manage and restore. The effects were reflected in irregular water delivery, delayed irrigation turns, and poor application uniformity at farm level. Repeated manual weed removal also diverted farmers’ labor from other productive activities and increased the maintenance burden on already weakly organized schemes.

The high frequency of maintenance-related problems suggests that poor scheme performance was not simply a result of aging infrastructure, but also of inadequate routine upkeep. This has important implications for intervention priorities. In many schemes, substantial gains may be achieved not only through rehabilitation, but also through strengthening routine maintenance systems, including regular canal cleaning, weed removal, and minor repairs, supported by clearer institutional responsibility and collective action. Without such regular maintenance, even rehabilitated infrastructure is likely to deteriorate quickly and continue to perform below its potential.
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[bookmark: _Ref230952784][bookmark: _Toc234311604]Figure 27: Weed infestation on canal of Chole Beyem and Gorsh CMIS
iii)	Canal cracking and structural damage
Canal cracking and structural damage were also among the major physical constraints affecting scheme performance. Canal cracking affected nearly half of the schemes, while damage of canal and bed scouring of canal were also reported in a considerable proportion as shown in Figure 28 . Canal seepage and weir damage each affected more than one-quarter of the schemes, indicating that structural deterioration was both widespread and diverse in form. Schemes such as Chacha, Keskash, Oppi, Abayi, Bila, Ababa, Sublele, and Wesarbi were particularly affected by canal cracking, often accompanied by visible seepage losses. These structural failures increased conveyance losses, forced greater water abstraction at the source, and intensified water shortages during peak irrigation periods. The underlying causes of canal cracking appear to include poor construction workmanship, use of low-quality materials, and soil movement associated with shrink–swell behavior, especially in areas dominated by clay and clay loam soils.

In addition to cracking, around one-third of the schemes experienced more general structural damage, including collapsed canal walls, eroded embankments, and scoured canal beds. These problems were linked to poor design, lack of routine maintenance, and external pressures such as livestock intrusion and flash flooding. In schemes such as Chacha, Jorika, and Gibe Kechema, inadequate drainage and the absence of protective structures further worsened the damage. Seepage loss was also a critical concern in schemes such as Ejersa, Gorsh, Regeda, and Lega Holeta, where unlined or poorly compacted canals in sandy and loamy soils substantially reduced conveyance efficiency and increased both labor and water-use costs. Canal bed scouring added another dimension to structural instability by undermining canal sections, altering flow conditions, and reducing the ability of canals to convey water safely and efficiently.

Taken together, these findings show that cracking, seepage, scouring, and other forms of canal damage were not isolated defects, but part of a broader pattern of physical deterioration affecting conveyance infrastructure. Where such problems are extensive, routine maintenance alone is unlikely to be sufficient. More substantial rehabilitation is needed, including repair or reconstruction of damaged canal sections, improved compaction, use of more suitable lining and construction materials, and provision of protective measures in vulnerable sections. Unless these structural defects are addressed, they will continue to reduce hydraulic performance, shorten infrastructure life, and increase the risk of partial or complete system failure.
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[bookmark: _Ref230952831][bookmark: _Toc234311605]Figure 28: Canal damage in Chacha and Keskash community-managed irrigation scheme
iv) Hydraulic Control Structure Deficiencies
Hydraulic control structure deficiencies were another prominent category of irrigation infrastructure problems identified in this study. As shown in Figure 29, lack of flow control gates was the most frequently reported problem overall, affecting more than 80% of the schemes. Other related deficiencies, including no intake regulation gate, absence of culvert, and lack of undersluice, were less frequent but still important because they indicate that many schemes lacked the basic structures needed to regulate, divide, and safely convey water through the system. These deficiencies directly limited the ability of schemes to control discharge, adjust flow according to demand, and distribute water equitably among irrigators.

The consequences of these deficiencies were evident in the operational difficulties reported across the schemes. Where gates were missing or nonfunctional, water delivery was difficult to control, often resulting in excessive flow to upstream users and inadequate supply to downstream and tail-end users. These weaknesses also interacted with other infrastructure problems such as intake siltation, canal damage, and bed scouring, further reducing conveyance performance and making the system more vulnerable during periods of high demand. The high frequency of weak regulation structures therefore suggests that many schemes were operating without the minimum hydraulic facilities required for effective and flexible water management.
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[bookmark: _Ref230952930][bookmark: _Toc234311606]Figure 29: Lack of division box at Weira irrigation scheme

Figure 30 presents the major infrastructural and management-related problems reported across the assessed community-managed irrigation schemes. The most frequently reported problem was the lack of gates on division boxes, indicating that many schemes lack adequate flow-control facilities at key water distribution points. This was followed by siltation of canals, lack of maintenance, weed growth in canals, lack of irrigation scheduling knowledge, illegal water abstraction, unfair water allocation, canal cracking, weak IWUAs, and poor maintenance. The frequency distribution shows that the main constraints are not limited to physical damage alone, but also include weak operation and management practices. Problems such as lack of gates, absence of regulation structures, illegal abstraction, and unfair allocation directly affect water distribution, while siltation, weed growth, seepage, canal cracks, and damaged canals reduce conveyance capacity and increase water losses. The results therefore indicate that irrigation performance is constrained by the combined effect of inadequate hydraulic control, poor maintenance, sediment accumulation, and weak institutional management.

These findings point to a clear intervention priority. Installation or rehabilitation of flow-control gates should be given particular attention, since the lack of gates on division boxes was the single most widespread problem identified in the assessed schemes. In addition, canal siltation, lack of maintenance, weed growth, and canal damage require regular desilting, cleaning, repair, and preventive maintenance to restore conveyance capacity and reduce water losses. Intake regulation gates, culverts, undersluices, and related control structures should also be improved or provided where absent, together with regular inspection and timely repair of existing structures. Strengthening hydraulic control capacity would improve flow regulation, enhance fairness in water allocation, reduce illegal abstraction, and minimize unnecessary losses within the conveyance system. In this sense, improvement of control structures should be combined with stronger scheme maintenance and IWUA capacity building, since infrastructure alone cannot ensure reliable and equitable irrigation management without effective local operation and enforcement.


[bookmark: _Ref230953281][bookmark: _Toc234311607]Figure 30: Infrastrauctural problem in the selected irrigation schemes
v) [bookmark: _Toc224622023]On-farm Irrigation Management 
On-farm irrigation management problems are discussed under two broad categories: irrigation scheduling practices and field layout/field condition factors. This grouping is used because scheme performance at farm level was influenced both by how irrigation was scheduled and applied, and by physical field conditions such as land leveling, furrow dimensions, and slope that affect water distribution and application efficiencies.

vi)	Irrigation scheduling
Effective irrigation scheduling is essential for matching water application with crop water requirements and soil moisture conditions, thereby improving water use efficiency and minimizing both water deficit and excess application. In the assessed community-managed irrigation schemes, however, irrigation scheduling was generally poor and largely based on fixed routines or rotation rather than actual field requirements. Farmers relied mainly on traditional practices based on visual observation and personal experience, rather than on scientific indicators such as soil moisture status, crop water requirement, or climatic conditions. In 64% of the schemes, including Meteray, Mentawuha, Durufli, Lower Areb, Kishe, Midhegdu, Regeda, Debeso 2ffa, Gibe Kechema, Bilate, Ujummo, Chacha, Amid, and Geray II, irrigation was applied at fixed intervals regardless of actual field conditions or the irrigation depth required. As a result, water was often applied either in excess of or below crop demand and the soil water-holding capacity.

These weak scheduling practices were reflected in the observed irrigation performance. Many of the schemes with rigid irrigation intervals recorded application efficiency values below 40% and average storage efficiency values below 70%, indicating poor field-level water management. Over-irrigation and under-irrigation were frequently observed, particularly in Meteray, Mentawuha, Regeda, and Kishe, where irrigation timing did not respond to actual field conditions. In such cases, water was often applied too early or too late, resulting either in deep percolation losses or in crop moisture stress during critical growth stages. This suggests that poor irrigation scheduling was not simply a procedural weakness, but a direct cause of reduced application efficiency and suboptimal soil moisture management at farm level.

The continued reliance on traditional scheduling practices appears to be partly explained by practical constraints faced by farmers, including limited access to soil moisture information, rainfall data, and simple decision-support tools for determining irrigation timing and depth. Addressing this gap does not necessarily require complex technologies. Feasible low-cost improvements could include the use of simple soil-moisture indicators, crop-stage-based irrigation calendars, and visually guided field checklists to support irrigation decisions. Such measures would enable farmers to better adjust irrigation timing and application depth to local field conditions, thereby reducing water losses, improving crop performance, and making irrigation management more responsive under existing resource constraints.
vii)	Field Layout and Conditions
Land Levelling
Poor land leveling was one of the major field-level factors reducing irrigation performance in the assessed schemes, affecting about 48% of the systems. In these schemes, irregular field surfaces and poorly aligned furrows disrupted the uniform spread of water and contributed to uneven distribution across irrigated plots (Figure 31). This problem was reflected in low distribution uniformity (DU) values, with schemes such as Wonji Kuriftu, Lega Holeta, Atimena, Meteray, Oppi, Melka Oba, Geray II, Ketar Genet, Anderem, Woyito, Chacha, Keskash, Lugo, Amibuha, and Nanasha Gumguma recording DU values below 70%. These findings indicate that poor land leveling was not a minor field defect, but a widespread constraint that substantially reduced the uniformity of water application at farm level.

Uneven water distribution was specifically observed in 33% of the irrigation schemes, with particularly severe problems in Bule Koloba, Dire Kiltu, and Otora. In Bule Koloba, application efficiency (Ea) was as low as 30%, while Dire Kiltu recorded an Ea of only 32%, illustrating the extent to which poor field condition translated into ineffective use of irrigation water. In such schemes, poor land leveling disrupted the advance of water along the furrows, causing some parts of the field to receive excessive water while others remained under-irrigated. This not only reduced application efficiency but also affected storage efficiency and increased the likelihood of both runoff and deep percolation losses.

These results show that poor land leveling was a key contributor to low field application performance in many schemes. Addressing this problem requires greater attention to field preparation, including proper land leveling, improved furrow alignment, and better layout of irrigated plots. Such improvements would enhance water distribution uniformity, increase application efficiency, and help ensure that irrigation water is applied more evenly and effectively across the field.
Furrow length and spacing
Poor field layout and inappropriate furrow design were also important factors reducing irrigation performance in the assessed schemes. Improper furrow length, furrow spacing, and overall field layout were observed in more than one-third of the irrigation schemes, and these deficiencies substantially reduced water application efficiency. Schemes such as Kishe, Ketar Genet, Midhegdu, Regeda, Debeso 2ffa, Gibe Kechema, Bilate, Ujummo, Chacha, and Amid were particularly affected. In many of these schemes, furrow lengths were shorter than 10 m and fell below the recommended range for the prevailing soil and field conditions. This resulted in excessive land being occupied by field channels, overtopping, runoff losses, and non-uniform water distribution. The Chacha scheme, for example, recorded one of the lowest application efficiency values, largely because poor furrow layout, combined with inadequate field leveling, caused both excessive runoff and deep percolation, leaving some parts of the field over-irrigated while others remained under-irrigated.

These problems reflected both design-related limitations and management-related constraints. Design-related deficiencies included furrows that were too short or improperly spaced for the prevailing soil type, poorly leveled fields, and misaligned field layouts. In the clay and clay loam soils of Midhegdu, Chacha, and Bilate, water ponding near the furrow inlets and excessive deep percolation toward the tail were observed despite the relatively high water-holding capacity of the soils. In the sandy clay loam soils of Kishe, Debeso 2ffa, Gibe Kechema, Ujummo, and Ketar Genet, uneven water advance was associated with inappropriate furrow dimensions and spacing. In Regeda, which is characterized by loamy sand soil, the main problem was the mismatch between furrow design, inflow rate, and the required irrigation depth. Although relatively frequent irrigation may be appropriate under such soil conditions, the absence of properly designed furrows and regulated inflow caused excessive losses at the head section and insufficient moisture at the tail, resulting in low irrigation efficiency and poor crop uniformity. These deficiencies were further aggravated by management-related problems such as uncontrolled inflow, excessively long irrigation durations, and limited on-farm supervision.

Overall, the findings indicate that inappropriate furrow length and spacing were major contributors to poor on-farm irrigation performance in a considerable number of schemes. Addressing these problems requires site-specific redesign of furrow length and spacing according to soil texture, slope, and infiltration characteristics, together with improved field leveling to ensure more uniform water advance. In addition, inflow rates and irrigation duration need to be adjusted to match local soil conditions and the required irrigation depth. Integrating these design improvements with better field-level water management practices would substantially improve application efficiency, reduce runoff and deep percolation losses, and enhance overall irrigation performance and crop productivity.
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[bookmark: _Ref230955593][bookmark: _Toc234311608]Figure 31. On farm Irrigation Water Management Problems in Selected Irrigation Schemes
[bookmark: _Hlk202171208]Land Slope
This study identified steep field slopes exceeding 5% as a major constraint in nine irrigation schemes, namely Anderem, Debeso 2ffa, Gibe Kechema, Kishe, Chole, Beyem, Ujummo, Tamsa, and Jirika. Among these, Debeso 2ffa, Gibe Kechema, and Kishe were particularly affected, recording application efficiency values as low as 30%. Such low efficiencies indicate that steep slope was not only a topographic characteristic, but also a serious field condition limiting effective water application. In these schemes, the steep gradient accelerated the movement of water along the field, reducing the opportunity time for infiltration and causing water to pass too quickly over the soil surface. As a result, irrigation water was not applied uniformly, with upper sections often receiving insufficient infiltration and lower sections becoming prone to runoff concentration or uneven wetting patterns.

The influence of slope was also reflected in the variation in storage efficiency observed across the affected schemes, suggesting inconsistent soil moisture retention under sloping field conditions. Where slopes were steep, the rapid advance of water reduced infiltration time and limited the amount of water stored within the root zone, thereby contributing to under-irrigation in some parts of the field. At the same time, the faster surface flow increased the likelihood of runoff losses, reducing overall water use efficiency. In practical terms, this meant that even where adequate volumes of water were delivered to the field, a substantial portion could not be effectively stored and used by crops because the slope conditions did not allow sufficient infiltration opportunity.

These findings point to an important gap in the design and layout of the irrigation systems, where field slope was not adequately considered in relation to surface irrigation requirements. The absence of slope-specific design measures, such as proper field grading, shorter furrow lengths, controlled inflow rates, or erosion protection structures, appears to have contributed to increased water loss and reduced irrigation performance in the affected schemes. In addition to lowering application efficiency, steep slopes also increase the risk of soil erosion, furrow instability, and progressive land degradation, which can further undermine agricultural productivity over time.
Addressing this problem requires field-specific adjustments rather than uniform application practices across all schemes. In areas with steep slopes, improvements should include better land shaping and grading, adaptation of furrow length and inflow rate to slope conditions, and the introduction of measures to slow runoff and improve infiltration opportunity time. Without such modifications, irrigation on steeply sloping fields will continue to suffer from poor water control, low application efficiency, and heightened erosion risk.
[bookmark: _Toc224622024]a)	Institutional Gaps 
i) Irrigation Water User Associations (IWUAs)
Illegal water abstraction was identified as a widespread institutional challenge across the irrigation schemes assessed. More than half of the schemes reported instances of unauthorized water withdrawal (Figure 32). The problem was particularly severe in schemes such as Oppi, Abayi, Bila, Tamsa, Debeso 2ffa, Chifra, Gulo, Zemeskel, Ababa, Wesarbi, and Godino. In these schemes, illegal abstraction contributed to reduced irrigation efficiency, with conveyance efficiency falling below 67% in several cases, thereby undermining system reliability and overall performance. Farmers frequently diverted water without authorization or outside established rotational schedules, disrupting planned water delivery and reducing availability for downstream, particularly tail-end, users.

The effects of illegal abstraction extended beyond immediate water loss. Unauthorized diversion interfered with orderly water distribution, intensified conflicts among users, and increased the likelihood of crop moisture stress during dry periods. It also made water accounting, monitoring, and distribution planning more difficult. The persistence of this problem appears to have been linked to weak institutional capacity, limited farmer awareness of water rights and allocation rules, and inadequate physical control structures. In many schemes, the absence of gates at division boxes and turnouts made unauthorized diversion easier and weakened the capacity of local institutions to regulate water use effectively. Thus, illegal abstraction was not only a problem of individual behavior, but also a reflection of weak institutional control and insufficient regulatory infrastructure.

Broader institutional gaps within the IWUAs were also evident across the assessed schemes. In addition to illegal abstraction, frequently reported institutional problems included unfair water allocation, limited knowledge of irrigation scheduling, weak organizational capacity, and poor maintenance coordination. These weaknesses negatively affected both day-to-day scheme operation and long-term sustainability. Among them, poor irrigation scheduling was the most widespread, reported in about 57% of the schemes, while weak IWUA performance was observed in about 43%, and unfair water allocation in about 51%. Schemes such as Ababa, Abayi, Bilate, Chole Beyem, Mojo Tika, and Regeda were particularly affected by poor irrigation scheduling knowledge, indicating that many farmers lacked adequate support to determine irrigation timing and water application depth in relation to crop water requirements and soil moisture conditions. 

Weak IWUA structures were observed in many schemes, including Bete Chole, Chere, Durufli, and Ejersa, where poor leadership, limited member participation, and weak enforcement mechanisms constrained effective rule implementation, conflict resolution, and mobilization of collective maintenance. Poor maintenance practices were also reported in a substantial number of schemes, contributing to the gradual deterioration of irrigation infrastructure and further reducing scheme performance. In schemes such as Chacha, Gibe Kechema, and Kishe, inequitable water distribution was intensified by weak IWUA governance and limited farmer knowledge of irrigation planning. These institutional weaknesses reduced cooperation among users, increased conflict, and lowered both productivity and irrigation efficiency.

Overall, the findings show that the major institutional gaps identified in the study area—illegal water abstraction, poor irrigation scheduling, weak IWUA governance, and inadequate maintenance coordination—were closely interrelated. Weak institutions reduced the ability of schemes to enforce rules, organize fair water distribution, and sustain routine maintenance, while poor technical knowledge further limited effective day-to-day management. The combined effect of limited farmer capacity, fragile institutional arrangements, and weak enforcement significantly undermined sustainable irrigation management and contributed to the underperformance of the assessed irrigation schemes.
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[bookmark: _Ref230956005][bookmark: _Toc234311609][bookmark: _TOC_250005]Figure 32: Frequency of IWUA related issues across the selected irrigation schemes

b)	Production and productivity
i)	Agricultural inputs
The study has revealed that shortages of agricultural inputs were among the most prevalent production constraints affecting the performance of the assessed irrigation schemes. As shown in Fig. 34, lack of agricultural input was reported in about 64% of the schemes, making it the most frequently identified production-related problem. The inputs most commonly lacking were fertilizers, improved seeds, and pesticides, all of which are essential for achieving the potential benefits of irrigated agriculture. Schemes that are affected by shortages of inputs include Ababa, Amibuha, Bila, Bilate, Chacha, and Mojo Tika. In these schemes, the limited availability of essential inputs constrained crop management, reduced yield, and weakened the productivity gains expected from irrigation.

The shortage of input was closely linked with other production problems. In about 43% of the schemes, crop pests and diseases further affected productivity, with schemes such as Ababa, Bilate, Chacha, and Wedessa being particularly affected. Where farmers lacked access to fertilizers, improved seed and pesticides, crop vigor was weakened and the ability to respond to pest and disease outbreaks was further reduced. As a result, irrigation water alone could not translate into higher production, because the crops were unable to make effective use of the moisture supplied. In this way, the absence of key agricultural inputs reduced not only crop yield, but also the productive efficiency of irrigation itself.

Weed infestation was also reported in some schemes, including Bilate, Chala, and Wedessa, where uncontrolled weeds increased competition for water, nutrients, and light, thereby further reducing crop performance. In addition, the broader pattern of results indicates that input shortages were often accompanied by other interrelated constraints such as weak extension support, limited farmer training, and soil fertility problems. These constraints reinforced one another: poor access to inputs reduced crop response to irrigation, while limited advisory support further constrained farmers’ ability to use available inputs efficiently and manage field problems effectively.
Overall, the findings show that production-related constraints in the assessed schemes were not caused by water availability alone, but by the combined effect of limited access to agricultural inputs and weak crop management advisory support. Without timely and affordable access to fertilizers, improved seeds, pesticides, and related advisory services, the benefits of irrigation remain only partially realized. Strengthening input supply systems, improving the timeliness and affordability of input delivery, and linking farmers more effectively with extension and crop protection services are therefore essential for improving irrigation outcomes and sustaining agricultural productivity.

ii)	Lack of extension services and training
Inadequate extension services were reported in 73% of the assessed irrigation schemes, making it one of the most widespread institutional and production-related constraints identified in the study (Figure 33). Schemes such as Ababa, Abayi, Amibuha, Bete Chole, and Mojo Tika were particularly affected. Although development agents are generally posted at kebele administration level to support overall agricultural activities, their role is typically broad and not specifically focused on irrigation. As a result, while farmers may receive some general advice on crop production, they often lack access to skilled irrigation personnel who can provide technical guidance on irrigation planning and water management. In many of the assessed schemes, there were no adequately trained irrigation experts to advise farmers on crop pattern planning based on available water, crop water requirements, irrigation scheduling, soil moisture management, or the efficient allocation and use of irrigation water. Farmers training used to focus on general production activities and water llocations without quantifying crop water needs and soil moisture status. This gap significantly limited farmers’ ability to manage irrigation scientifically and contributed to poor field-level water use and low scheme performance.

The weakness of extension support was therefore not only a matter of physical absence of staff but also of mismatch between available advisory services and the specific technical demands of irrigated agriculture. Irrigation management requires specialized knowledge that differs from general rainfed crop advisory services. Decisions such as how much land can be irrigated under limited water supply, which crops should be prioritized under different seasonal flow conditions, how irrigation intervals should vary by crop growth stage and soil type, and how water should be distributed fairly among users all require technical understanding of irrigation agronomy and water management. In the assessed schemes, such expertise was largely missing. Consequently, farmers relied mainly on traditional experience, visual judgment, and fixed irrigation routines rather than on informed planning based on crop water requirements, soil conditions, and expected water availability. This contributed to inefficient water application, poor scheduling, low water productivity, and recurrent conflicts over water use.

In addition to the lack of specialized irrigation advisory support, institutional access to farmer training was also limited. Twelve schemes reported the absence of formal training opportunities for farmers, preventing the dissemination of improved irrigation practices. Without regular and locally tailored training, farmers were largely unable to adopt improved approaches such as field-level irrigation scheduling, simple soil moisture monitoring, crop-based water application planning, and other water-saving practices. The problem was therefore twofold: first, the extension system did not provide sufficient irrigation-specific expertise, and second, farmers had limited opportunity to build their own technical capacity through structured training. Under such conditions, even where irrigation infrastructure existed, its effective use remained constrained by weak human and institutional support systems. 

The consequences of this gap extend beyond field application alone. The absence of skilled irrigation personnel also affects broader planning decisions at scheme level, including crop pattern selection in relation to seasonal water availability, estimation of water demand across command areas, and adjustment of irrigation calendars during periods of water shortage. Without such support, schemes are more likely to experience mismatches between available supply and crop demand, leading to water stress in some fields, wastage in others, and reduced overall system performance. This helps explain why inadequate extension support was closely associated with low adoption of best practices and suboptimal irrigation outcomes across many of the assessed schemes.

Addressing this gap requires more than simply increasing the number of development agents. What is needed is stronger irrigation-specific extension capacity (skill, facility and finance) within the local agricultural support system. This includes training extension personnel in irrigation water management, deploying or linking schemes with skilled irrigation experts, and providing farmers with regular, context-specific training on crop water requirements, irrigation scheduling, water allocation, and on-farm water management in a way that can be understood and implemented at farmer level. Strengthening these advisory and training functions would improve farmers’ ability to plan and manage irrigation in line with actual water availability and crop needs, thereby enhancing water use efficiency, crop productivity, and the long-term sustainability of community-managed irrigation schemes.
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[bookmark: _bookmark41][bookmark: _Ref230956197][bookmark: _Toc234311610]Figure 33. Production related problems across irrigation schemes

[bookmark: _Toc231277760][bookmark: _Toc235091600]4.3.2.	Challenges of Household-managed irrigation schemes
a)	On-farm Irrigation Water Management 
i)	Field-Level Water Application
Poor field-level water application was one of the main constraints in household-managed irrigation schemes. The major problems included poor land leveling, unsuitable furrow layout, non-optimized furrow dimensions, and weak control of inflow during irrigation. As a result, water was not distributed uniformly across the field; some parts received excess water, while others remained insufficiently watered. This caused runoff, deep percolation losses, irregular crop growth, and low water productivity. Figure 34 illustrates typical field water application and pumping conditions observed in the schemes.

These problems require simple and practical field-level improvements. Minor land leveling, proper furrow alignment and sizing, better control of inflow, and adjustment of field layout based on soil and crop conditions should be promoted. These measures should be supported by farmer training and regular technical follow-up to improve irrigation uniformity and reduce water losses.
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[bookmark: _Ref230957154][bookmark: _Toc234311611]Figure 34. Poor Application method in HH scheme
ii)	Weak Irrigation Scheduling 
Weak irrigation scheduling was another important constraint. Many households applied water based on experience, visual judgment, or fixed intervals rather than crop growth stage, soil moisture condition, and actual crop water requirement. This resulted in both over-irrigation and under-irrigation. Over-irrigation caused water loss, nutrient leaching, and higher pumping costs, while under-irrigation exposed crops to moisture stress and reduced yield.

The solution should focus on practical irrigation scheduling support. Farmers need simple guidance on when and how much water to apply based on crop stage, soil moisture, and seasonal water availability. Extension support should promote easy methods such as field observation of soil moisture, adjustment of irrigation intervals, and crop-specific irrigation advice.

iii)	Production and Productivity 
Low productivity in household-managed schemes was linked not only to water management problems but also to weak agronomic practices, limited input use, and crop choice. Some households used irrigation for low-yielding or low-value crops, while others lacked timely access to improved seed, fertilizer, crop protection inputs, and technical advice. As a result, irrigation water did not always translate into higher yield or better economic return.
Improvement requires integrated support that combines irrigation management with production support. Priority should be given to improved seed, fertilizer access, crop protection, crop diversification, and practical agronomic training. Farmers should also be supported to select locally suitable and profitable crops and to link irrigation decisions with input use and crop management.

iii)	Access to Irrigation Energy and Agricultural Inputs 
Limited access to reliable irrigation energy and agricultural inputs was also a major constraint. Many households depend on pumps, but high fuel costs, fuel shortages, pump maintenance problems, and lack of spare parts often interrupt irrigation. This affects timely water application and reduces crop performance. At the same time, poor access to fertilizer, improved seed, and other inputs limits the benefit obtained from irrigation.

Possible solutions include improving access to affordable and reliable pumping technologies, strengthening pump maintenance services, and promoting solar-powered irrigation where appropriate. However, solar irrigation should be supported by financing options, technical training, and maintenance services. At the same time, input supply systems and extension support should be strengthened so that reliable irrigation is matched with improved crop production practices.

iv)	Technical and Management Skills problem
Limited technical knowledge and weak management capacity were important constraints in household-managed irrigation schemes. The variation observed among household groups indicates that performance differences were not only related to access to water, but also to farmers’ ability to plan irrigation, control water application, manage furrow layouts, and integrate irrigation with crop production practices. In many cases, farmers applied water based on experience or visual judgment rather than on crop water requirement, soil moisture condition, crop growth stage, or field characteristics.

The major skill gaps were related to irrigation timing, application depth, furrow management, water distribution, and crop-water management. Where farmers lacked these skills, both over-irrigation and under-irrigation occurred. Over-irrigation increased water losses, pumping costs, nutrient leaching, and possible soil degradation, while under-irrigation exposed crops to moisture stress and reduced yield. Weak technical capacity also affected farmers’ ability to combine irrigation with good agronomic practices, including crop choice, input use, pest management, and field supervision. As a result, irrigation water was not always converted into higher productivity and better household returns.

These constraints require practical and differentiated capacity-building support. Farmers with weak performance need basic training on irrigation scheduling, field layout, furrow design, and water distribution. Farmers showing over-irrigation need specific guidance on adjusting irrigation depth and timing to actual crop demand, while moderately performing households require support on improving field management and integrating irrigation with agronomic practices. Better-performing households can also be used as local demonstration cases to promote peer learning.

Strengthening practical irrigation advisory services is therefore essential. Regular extension follow-up, demonstration plots, farmer field schools, and hands-on training should be promoted to improve household-level irrigation planning and management. Simple tools for soil moisture observation, irrigation interval adjustment, and crop-stage-based scheduling should be introduced in ways that farmers can easily apply. Improving farmers’ technical and management capacity would reduce inefficient water use, improve crop performance, and strengthen the sustainability of household-managed irrigation schemes.
[bookmark: _Toc224622026][bookmark: _Toc231277761][bookmark: _Toc235091601]4.4	Benchmarking for Irrigation Schemes in Ethiopia
Benchmarking was conducted to compare the performance of irrigation schemes using selected internal and external performance indicators. The third quartile value was used as the benchmark threshold, assuming that schemes performing at or above this level represent relatively better performance under the existing operating conditions. Accordingly, schemes performing below the third quartile were considered to have scope for improvement. This approach provides a practical basis for identifying performance gaps and setting realistic improvement targets based on observed scheme performance.

[bookmark: _Toc231277762][bookmark: _Toc235091602]4.4.1.	Benchmarking of Internal Performance Indicators 
a) Benchmarking of CMIS Indicators 
Table 28 presents the benchmarking results for internal performance indicators of community-managed irrigation schemes. Conveyance efficiency ranged from 30% to 96%, with a mean value of 73.3% and a median value of 75%. The third quartile value of 85.5% was used as the benchmark threshold. Based on this threshold, 54 schemes performed below the benchmark, indicating that conveyance losses remain a major constraint in many schemes. This highlights the need for improved canal maintenance, seepage control, repair of damaged canal sections, and better flow regulation.

Distribution efficiency ranged from 26% to 93%, with a mean value of 76.6% and a median value of 85%. The third quartile value of 85% was taken as the benchmark threshold. In this case, 21 schemes performed below the benchmark, indicating that distribution efficiency was relatively better than most other internal indicators, although important gaps still remain in some schemes. Improvement measures should focus on maintaining secondary and tertiary canals, reducing leakage and obstruction, and improving distribution control structures where distribution losses are still significant.

Application efficiency ranged from 24% to 70%, with a mean value of 48.7% and a median value of 52%. The third quartile value of 57% was used as the benchmark threshold. A total of 51 schemes performed below this benchmark, showing that field-level water application is one of the weakest components of irrigation performance. Low application efficiency is mainly linked with poor land leveling, unsuitable furrow layout, uncontrolled inflow, excessive application, runoff, and deep percolation losses. Improving Ea therefore requires better field preparation, appropriate furrow design, improved irrigation depth control, and practical farmer training.

Distribution uniformity ranged from 65% to 93%, with a mean value of 75% and a median value of 83%. The third quartile value of 87.3% was used as the benchmark threshold. Based on this threshold, 32 schemes performed below the benchmark. This indicates that although many schemes had moderate distribution uniformity, a considerable number still experienced uneven water distribution within fields. Improving DU requires better field layout, furrow alignment, inflow control, and consideration of soil infiltration differences across the field.

Storage efficiency (Es) ranged from 48.0% to 90.0%, with a mean value of 61.8% and a median value of 54.0%. The third quartile value of 62.8% was used as the benchmark threshold. Only 3 schemes performed below this benchmark, suggesting that storage efficiency was relatively less problematic compared with other internal indicators. However, schemes with low Es still require attention because insufficient root-zone storage can result from inadequate irrigation depth, poor distribution, runoff, or deep percolation losses. Improvement should focus on matching irrigation depth with soil moisture deficit and crop root-zone requirements.

Scheme irrigation efficiency ranged from 7.3% to 51.2%, with a mean value of 28% and a median value of 25.9%. The third quartile value of 35.5% was used as the benchmark threshold. A total of 36 schemes performed below this benchmark, indicating that overall scheme efficiency remains low in many community-managed irrigation schemes. Since SIE reflects the combined effect of conveyance, distribution, and application efficiencies, improving overall scheme performance requires coordinated action at both system and field levels.

The variability among indicators, as shown by the coefficients of variation, further confirms that performance differed considerably among schemes. SIE showed the highest variability, with a CV of 40%, followed by DU at 31.9%, Es at 26.2%, Ea at 23.9%, Ec at 21.2%, and Ed at 18.3%. Overall, the benchmarking results show that the largest number of schemes fell below the benchmark for Ec and Ea, followed by SIE and DU, while fewer schemes fell below the benchmark for Ed and Es. This indicates that priority interventions should focus particularly on reducing conveyance losses and improving field-level water application, while also strengthening distribution control, field uniformity, and overall scheme operation and maintenance.

[bookmark: _Ref230963036][bookmark: _Toc234311647]Table 27: Statistical Summary of CMIS internal indicators 
	Efficiency
	Ec
	Ed
	Ea
	DU
	Es
	SIE

	Min
	30.0
	26
	24
	65
	48
	7.3

	Mean
	73.3
	76.6
	48.7
	75
	61.8
	28.0

	Median
	75.0
	85
	52
	83
	54
	25.9

	Third Quartile
	85.5
	85
	57
	87.3
	62.8
	35.5

	Max
	96.0
	93
	70
	93
	90
	51.2

	Std. dev.
	15.5
	14.0
	11.6
	24.0
	16.2
	11.2

	CV
	21.2
	18.3
	23.9
	31.9
	26.2
	40.0

	Schemes below Q3
	54
	21
	51
	32
	3
	36



a) Benchmarking of HHIS Indicators 
As shown in Table 29, application efficiency for household-managed irrigation schemes (HHIS) ranged from 27% to 68%, with a mean value of 49.5%. The third quartile value of 57.5% was used as the benchmark threshold. Based on this threshold, 29 schemes, equivalent to 74.4% of the assessed HHIS, performed below the benchmark, while only 10 schemes reached or exceeded the benchmark level. This indicates that field-level water application remains a major constraint in most household-managed schemes.

Distribution uniformity (DU) ranged from 53% to 94%, with a mean value of 80.6%. The third quartile value of 89% was used as the benchmark threshold. Based on this benchmark, 30 schemes, or 76.9%, performed below the threshold, while only 9 schemes were above the benchmark level. This shows that uneven water distribution within fields was a widespread problem, reflecting limitations in field layout, furrow alignment, slope control, and management of water advance across plots.

Storage efficiency (Es) ranged from 53% to 94%, with a mean value of 73.1%. The third quartile value of 80.5% was taken as the benchmark threshold. Accordingly, 29 schemes, equivalent to 74.4%, performed below the benchmark, while 10 schemes reached or exceeded the benchmark level. This indicates that many household-managed schemes were unable to store sufficient water in the crop root zone, likely due to inadequate irrigation depth, poor distribution, runoff, or deep percolation losses.

Overall, the benchmarking results show that most household-managed irrigation schemes performed below the upper-quartile benchmark for the selected internal indicators. The main constraints are poor field-level application, uneven water distribution, and inadequate root-zone water storage. Priority improvements should therefore focus on minor land leveling, improved furrow layout and sizing, better inflow control, practical irrigation scheduling, and farmer training on matching irrigation depth and timing with crop and soil conditions.

[bookmark: _Ref233092963][bookmark: _Toc234311648]Table 28. Statistical summary of HHIS internal indicators
	Parameter
	Ea 
	DU 
	Es 

	Minimum
	27
	53
	53

	Mean
	49.5
	80.6
	73.1

	Median
	51
	84
	74

	Third quartile (Q3)
	57.5
	89
	80.5

	Maximum
	68
	94
	94

	Schemes below Q3
	29
	28
	29



[bookmark: _Toc231277763][bookmark: _Toc235091603]4.4.2.	Benchmarking of External Performance Indicators
a) Benchmarking for CMIS
i)	Benchmarking of Physical Water Productivity 
Physical water productivity was assessed to compare crop output obtained per unit volume of irrigation water used. The analysis considered output per cultivated irrigated area (OPCIA), output per unit of irrigation water diverted (OPID), and output per unit of water consumed (OPWC), as presented in Table 29. Physical water productivity shows how effectively land and irrigation water are converted into harvested crop output. It is therefore useful for identifying crops and production conditions where water is used more productively.

The crop-wise benchmarking results show considerable variation in physical productivity among the assessed crops. For OPCIA, cabbage recorded the highest mean value at 192.56 qtl/ha, followed by tomato at 176.21 qtl/ha, onion at 150.56 qtl/ha, potato at 148.30 qtl/ha, pepper at 67.65 qtl/ha, maize at 39.27 qtl/ha, and wheat at 34.56 qtl/ha. The third quartile values also indicate relatively high output levels for cabbage, tomato, onion, potato, and pepper, with Q3 values of 259.21, 230.00, 180.00, 175.00, and 115.03 qtl/ha, respectively. In contrast, maize and wheat had lower Q3 values of 45.00 and 40.00 qtl/ha, respectively. This shows that cabbage, tomato, onion, and potato achieved relatively higher physical output per unit cultivated irrigated area, while maize and wheat showed lower cultivated-area productivity.

In terms of output per unit of irrigation water diverted (OPID), potato recorded the highest mean value at 5.78 kg/m³, followed by cabbage at 4.48 kg/m³, onion at 4.32 kg/m³, tomato at 4.02 kg/m³, pepper at 1.44 kg/m³, wheat at 1.33 kg/m³, and maize at 0.93 kg/m³. The Q3 values further show stronger benchmark levels for potato, cabbage, onion, and tomato, with values of 7.15, 6.61, 5.36, and 4.79 kg/m³, respectively. Pepper, wheat, and maize had lower Q3 values of 2.42, 1.61, and 1.14 kg/m³, respectively, indicating weaker productivity per unit of diverted irrigation water. The difference between mean and median values, particularly for potato, cabbage, onion, tomato, and pepper, also indicates that a few better-performing schemes raised the average above the typical performance level.

For output per unit of water consumed (OPWC), potato again recorded the highest mean value at 4.17 kg/m³, followed by cabbage at 3.47 kg/m³, onion at 3.31 kg/m³, tomato at 3.10 kg/m³, pepper at 1.12 kg/m³, wheat at 0.97 kg/m³, and maize at 0.65 kg/m³. The Q3 values were highest for cabbage at 5.74 kg/m³, followed by onion at 3.99 kg/m³, potato at 3.78 kg/m³, tomato at 3.65 kg/m³, pepper at 1.71 kg/m³, wheat at 1.22 kg/m³, and maize at 0.95 kg/m³. These results indicate that potato had the highest average OPWC, while cabbage showed the strongest upper-quartile benchmark. Maize and wheat showed the lowest OPWC values, reflecting weaker conversion of the water-consumption denominator into harvested output.


Benchmarking results show that physical productivity varies by crop and by the water indicator used. Cabbage had the highest OPCIA, while potato had the highest OPID and OPWC. Tomato and onion also performed strongly, whereas pepper showed moderate performance. Maize and wheat had lower water productivity than vegetable crops. The results indicate that productivity depends on crop type, irrigation scheduling, field application, crop management, soil condition, inputs, yield, and the water denominator used. Improving productivity requires better irrigation timing, field water application, crop selection, and agronomic management.

[bookmark: _Ref233466809][bookmark: _Toc234311649]Table 29: Benchmarking of CMIS Land and Water Productivity 
	Indicator
	Crop
	Cabbage
	Maize
	Onion
	Pepper
	Potato
	Tomato
	Wheat

	OPCIA (qtl/ha)
	Min
	20.0
	4.0
	40.0
	7.0
	80.0
	79.0
	18.0

	
	Mean
	192.6
	39.3
	150.1
	69.4
	157.9
	180.1
	34.2

	
	Median
	144.0
	40.0
	150.0
	20.0
	132.0
	165.0
	33.5

	
	Q3
	259.2
	45.0
	180.0
	121.0
	209.0
	230.0
	40.0

	
	Max
	480.0
	70.0
	250.0
	200.0
	260.0
	290.0
	57.0

	OPID (kg/m3)

	Min
	0.2
	0.0
	0.6
	0.1
	0.7
	1.0
	0.2

	
	Mean
	4.5
	0.9
	4.3
	1.4
	6.7
	4.0
	1.3

	
	Median
	3.7
	0.9
	3.5
	0.7
	3.5
	3.3
	0.9

	
	Q3
	6.6
	1.1
	5.5
	2.5
	8.2
	5.1
	1.6

	
	Max
	0.3
	0.1
	0.9
	0.1
	1.2
	1.3
	0.2

	OPWC (kg/m3)

	Min
	0.2
	0.0
	0.6
	0.1
	0.7
	1.0
	0.2

	
	Mean
	3.5
	0.6
	3.3
	1.1
	4.8
	3.1
	0.9

	
	Median
	2.5
	0.6
	2.6
	0.5
	2.4
	2.7
	0.7

	
	Q3
	5.7
	0.9
	4.2
	1.8
	5.8
	3.5
	1.2

	
	Max
	0.2
	0.0
	0.6
	0.1
	0.7
	1.0
	0.2



a) Benchmarking for HHIS indicators
Table 27 summarizes the physical productivity indicators for household-managed irrigation schemes by crop type. The indicators include output per cropped irrigated area (OPCIA), output per unit of irrigation water diverted (OPID), and output per unit of water consumed (OPWC). Unlike economic productivity indicators, which are influenced by crop prices, these physical indicators show the quantity of crop output produced per unit area and per unit of water used.

The results show clear differences in physical land productivity among crops. Based on OPCIA, carrot recorded the highest mean value at 300.0 qt/ha, followed by tomato at 280.0 qt/ha, cabbage at 272.0 qt/ha, wheat at 265.0 qt/ha, potato at 100.0 qt/ha. This indicates that land productivity varied considerably by crop type, with vegetables and some high-yielding crops showing higher physical output per unit area than cereals such as maize and barley.

Physical water productivity also differed substantially among crops. In terms of OPID, carrot had the highest mean value at 10.4 qt/m³, followed by cabbage at 9.4 qt/m³, wheat at 6.3 qt/m³, onion at 4.8 qt/m³, and tomato at 5.7 qt/m³. This shows that some crops converted diverted irrigation water into harvested output more effectively than others. Similarly, OPWC showed the same general pattern, with carrot, cabbage, wheat, tomato, onion, and banana having relatively higher values, while potato showed lower physical output per unit of water consumed.

Overall, the benchmarking results indicate that physical productivity in household-managed irrigation schemes was strongly influenced by crop type. Cabbage, tomato, onion, and wheat showed relatively higher physical productivity. However, the interpretation should be carefully where crops have limited observations, because minimum, mean, median, and maximum values may not fully represent wider crop performance. Improving physical productivity in HHIS therefore requires better crop selection, improved irrigation scheduling, efficient field water application, and stronger agronomic management so that available land and water resources are converted into higher crop output.

[bookmark: _Ref230969628][bookmark: _Toc234311650]Table 30. Summary of HHIS land and water productivity
	Indicator
	Crop
	Cabbage
	Onion
	Potato
	Tomato
	Wheat

	OPCIA (qt/ha)
	Min
	272.0
	280.0
	100.0
	280.0
	265.0

	
	Mean
	272.0
	280.0
	100.0
	280.0
	265.0

	
	Median
	272.0
	280.0
	100.0
	280.0
	265.0

	
	Q3
	237.0
	166.3
	252.0
	200.0
	36.3

	
	Max
	272.0
	280.0
	100.0
	280.0
	265.0

	OPID (kg/m³)
	Min
	9.0
	6.1
	2.0
	3.7
	9.6

	
	Mean
	9.4
	4.8
	2.7
	5.7
	6.3

	
	Median
	9.4
	4.8
	2.7
	5.7
	6.3

	
	Q3
	7.7
	5.4
	7.0
	7.2
	1.3

	
	Max
	9.4
	4.8
	2.7
	5.7
	6.3

	OPWC (kg/m³)
	Min
	9.4
	4.8
	2.7
	5.7
	6.3

	
	Mean
	9.4
	4.8
	2.7
	5.7
	6.3

	
	Median
	9.4
	4.8
	2.7
	5.7
	6.3

	
	Q3
	7.1
	4.2
	6.8
	4.4
	1.0

	
	Max
	9.4
	4.8
	2.7
	5.7
	6.3


[bookmark: _Toc224622027][bookmark: _Toc231277764][bookmark: _Toc235091604]5.	CONCLUSION AND RECOMMENDATIONS 
5.1. [bookmark: _Toc224622028][bookmark: _Toc231277765][bookmark: _Toc235091605]Conclusion
[bookmark: _Toc224622029]The study concludes that irrigation performance in both community-managed and household-managed irrigation systems is constrained by interrelated technical, institutional, agronomic, economic, and operational problems. In community-managed schemes, the main constraints were infrastructure deterioration, canal siltation, seepage, damaged control structures, weak operation and maintenance, poor water distribution, and limited effectiveness of irrigation water user associations. In household-managed schemes, performance was further affected by unreliable pumping energy, high operating costs, limited access to spare parts and maintenance services, and weak field-level irrigation support. These constraints reduced the reliability, adequacy, and equity of water delivery and limited the effective use of irrigation by farmers.

The findings further show that irrigation water supply alone does not guarantee higher productivity. The benefits of irrigation were strongly influenced by access to improved seed, fertilizer, pesticides, soil amendments, crop management support, suitable crop choice, and market opportunities. Weak input supply, poor crop planning, and limited market orientation reduced the ability of farmers to convert irrigation water into higher yield, better water productivity, and improved income.

The assessment also revealed weaknesses in routine performance monitoring and recordkeeping. Limited scheme-level records, absence of flow-measurement structures, and difficulty in measuring water flow under variable field conditions affected the precision of some indicators. Overall, the findings indicate that irrigation performance cannot be improved through infrastructure development alone. Sustainable improvement requires a system-based approach that links infrastructure, water management, institutions, agricultural services, irrigation energy, markets, farmer capacity, and routine performance monitoring.

In view of this, the following specific conclusive remarks are provided:
· Infrastructure deterioration remains a central constraint in community-managed irrigation schemes. Canal siltation, weed growth, seepage, canal cracking, damaged intake and weir structures, and inadequate flow-control facilities reduced conveyance efficiency, weakened water delivery reliability, and contributed to inequitable distribution among head, middle, and tail-end users. This confirms that scheme sustainability depends not only on initial construction, but also on continuous maintenance, timely rehabilitation, and functional hydraulic control. 
· Weak water control and allocation arrangements were major causes of inefficiency and inequity in community-managed schemes. Poor flow regulation, absence or malfunctioning of gates on division boxes, illegal abstraction, and weak enforcement of allocation rules limited the ability of schemes to distribute water fairly and predictably. Where water cannot be measured, controlled, and allocated transparently, both technical performance and farmer trust are weakened.
· Sedimentation emerged as a system-level problem rather than only a scheme-level maintenance issue. Siltation of canals, intakes, reservoirs, and other structures reduced flow capacity, increased maintenance requirements, and affected the long-term functionality of irrigation infrastructure. This indicates that the performance of irrigation schemes is closely linked with upstream watershed conditions and sediment inflow. Canal erosion and siltation have also been caued by improper canal maintenance such as irregual bed and side slopes and beds. 
· Institutional weakness was a major factor affecting the performance of community-managed schemes. Weak irrigation water user associations, poor maintenance coordination, limited recordkeeping, weak enforcement of bylaws, and inadequate farmer participation affected operation, maintenance, conflict management, and water allocation. Inadequate local irrigation governance which lacking in mosted irrigation schemes was  as important as physical infrastructure for contributing to poor community-managed irrigation systems.
· Field-level water management remained a common limitation in both community-managed and household-managed irrigation schemes. Low application efficiency, uneven distribution uniformity, and variable storage efficiency indicate that considerable losses occur after water reaches the field. These problems were associated with poor land leveling, unsuitable furrow layout, weak inflow control, and limited practical knowledge of irrigation scheduling.
· Household-managed irrigation schemes were particularly constrained by unreliable irrigation energy and high pumping costs. Limited access to fuel, spare parts, repair services, and affordable pumping technologies reduced the reliability and timeliness of irrigation. This shows that household irrigation performance depends not only on water availability, but also on the reliability, affordability, and maintainability of water-lifting technologies.
· Weak agricultural input supply and crop support services limited the productivity gains expected from irrigation. Where farmers lacked timely access to improved seed, fertilizer, crop protection inputs, soil amendments, and technical advice, irrigation did not translate into higher yield or better water productivity. This confirms that irrigation development must be linked with agricultural production support services.
· Limited irrigation extension support has significantly contributed to the low performance and weak sustainability of irrigation schemes. This is mainly due to inadequate technical capacity, financial resources, transport facilities, and limited know-how and attention given to irrigated agriculture. As a result, irrigated land has expanded in some areas without adequate consideration of available water supply.
· Crop choice and market orientation strongly influenced the benefits obtained from irrigation. Higher land and water productivity were generally associated with crops that were more productive, marketable, and better aligned with irrigation use. However, crop diversification can contribute to improved performance only when supported by reliable water supply, input access, farmer capacity, post-harvest handling, and market linkage.
· Benchmarking revealed wide performance differences across schemes and indicators. The benchmark values generated by the assessment provide useful reference points for identifying performance gaps, comparing schemes, and monitoring future improvement. Both internal indicators, such as conveyance efficiency, application efficiency, distribution uniformity, storage efficiency, and scheme irrigation efficiency, and external indicators, such as land productivity, water productivity, relative water supply, and relative irrigation supply, are necessary to understand irrigation performance comprehensively.

Overall, irrigation performance in Ethiopia is shaped by interlinked constraints rather than by a single limiting factor. Infrastructure deterioration, sedimentation, weak water control, inadequate maintenance, limited institutional capacity, poor on-farm water management, unreliable irrigation energy, weak input supply, weak irrigation extension service, insufficient market-oriented production support jointly reduced the productivity, reliability, equity, and sustainability of irrigation schemes. These findings point to the need for a shift from a construction-focused irrigation development approach toward a performance-oriented and system-based approach.
[bookmark: _Toc231277766][bookmark: _Toc235091606]5.2. Recommendations
Improving the performance of irrigation schemes in Ethiopia requires a coordinated policy, institutional, technical, and investment response. The findings of this study show that poor irrigation performance is not caused by a single factor, but by the combined effects of infrastructure deterioration, weak water control, inadequate operation and maintenance, limited institutional capacity, unreliable irrigation energy, poor input supply, and insufficient irrigation advisory services. Therefore, future interventions should move beyond isolated infrastructure development and adopt an integrated irrigation performance improvement approach. The following recommendations require due attention if irrigated agriculture is to contribute effectively to enhancing food security, increasing farmers’ incomes, and supporting national economic development. 
5.2.1 [bookmark: _Toc231277767][bookmark: _Toc235091607]Prioritize Rehabilitation and Maintenance of Core Irrigation Infrastructure
Rehabilitation and regular maintenance of existing irrigation infrastructure should be given high priority. Many community-managed irrigation schemes were affected by canal siltation, weed growth, seepage, canal cracking, damaged intake and weir structures, and absence of flow-control facilities. These problems reduced conveyance efficiency, limited water delivery reliability, and contributed to inequitable water distribution. Investment support should therefore focus on rehabilitating deteriorated canals, diversion structures, control gates, culverts, division boxes, night-storage ponds, and vulnerable embankments. Lining of critical canal sections, repair of damaged structures, and installation of flow-control and measurement facilities should be prioritized where they can significantly improve water delivery and reduce losses. Regular desiltation, canal cleaning, and preventive maintenance should be institutionalized as part of annual scheme operation, rather than being treated as occasional emergency activities after infrastructure failure occurs.

5.2.2 [bookmark: _Toc231277768][bookmark: _Toc235091608]Improve Water Control, Measurement, and Allocation
Illegal and uncontrolled water abstraction contributed to inequitable distribution and reduced reliability in many schemes. Improving water control is therefore essential for both efficiency and equity. Regulation gates, division structures, and flow-measurement devices should be installed at critical control points. Transparent water allocation schedules should be prepared and implemented with the participation of users. Community-based monitoring, supported by local extension service providers and IWUAs, should be strengthened to ensure compliance with agreed allocation rules. Enforcement mechanisms should be linked to approved scheme bylaws so that water distribution becomes fairer, more predictable, and more reliable, particularly for downstream and tail-end users.
5.2.3 [bookmark: _Toc231277769][bookmark: _Toc235091609]Promote Watershed-Based Sediment Management
Sedimentation was one of the major causes of conveyance loss, intake blockage, and reduced storage capacity. Therefore, irrigation performance cannot be improved through scheme-level interventions alone. Watershed management should be integrated into irrigation development, rehabilitation, and maintenance programs. Upstream catchment rehabilitation measures, including afforestation, soil and water conservation, check dams, gully stabilization, controlled grazing, and runoff management, should be promoted to reduce sediment inflow into irrigation systems. To achieve this, irrigation and natural resources management structures within the Ministry of Agriculture and at all administrative levels should work in close coordination. At scheme level, intake protection works, silt traps, settling basins, undersluices, and regular cleaning of night-storage ponds should be included as standard design and maintenance requirements. These measures would reduce maintenance burdens, improve conveyance efficiency, and extend the service life of irrigation infrastructure.
5.2.4 [bookmark: _Toc231277770][bookmark: _Toc235091610]Strengthen On-Farm Water Management
The study showed that low application efficiency, poor distribution uniformity, and variable storage efficiency remain major challenges in both community-managed and household-managed irrigation systems. Therefore, future interventions should give greater attention to practical field-level water management improvements, in addition to scheme-level infrastructure rehabilitation. Improving canals and headworks alone will not lead to better irrigation performance unless water is also applied efficiently and uniformly at the farm level.

Key interventions should include proper land leveling, improved furrow alignment, appropriate furrow length and spacing, better control of inflow rates, timely cutoff of irrigation, improved field drainage, and regular technical support to farmers on efficient water application. In many schemes, water losses occur not only because of damaged canals or seepage, but also because fields are poorly leveled, furrows are too long or irregular, water is applied for too long, and excess water either runs off the field or percolates below the root zone. These problems reduce crop response to irrigation, increase competition for water among farmers, and contribute to inequitable water distribution within schemes.

Farmer training and field-level advisory support should therefore be strengthened as a core part of irrigation performance improvement. The training should be practical, field-based, and adapted to local knowledge and norms so that scientific concepts, technical units, and recommended practices are clearly understood and effectively implemented at the field level. For example, farmers should be supported to understand how much water is needed by different crops, when irrigation should be applied, how to judge adequate soil moisture, how to adjust inflow to furrows or basins, and how to avoid both under-irrigation and over-irrigation. Demonstration plots, farmer field schools, and peer learning among better-performing farmers can help translate technical recommendations into locally understandable and usable practices.

These measures are relatively low-cost compared with major infrastructure works, but they can substantially improve application efficiency, distribution uniformity, and storage efficiency. They can also reduce runoff, deep percolation, waterlogging, soil erosion, and conflicts over water allocation. Technical standards for on-farm irrigation layout and water application should therefore be incorporated into irrigation development, rehabilitation, and extension programs. Such standards should guide field layout, furrow and basin dimensions, irrigation scheduling, drainage arrangements, and practical monitoring of field-level water use. This will help ensure that investments in irrigation infrastructure are translated into improved water productivity, crop yields, and sustainability of irrigation schemes.
5.2.5 [bookmark: _Toc231277771][bookmark: _Toc235091611]Strengthen/Introduce Irrigation-Specific Advisory Services
Weak irrigation scheduling and limited capacity to match water application with crop water requirements were important constraints identified by the study. The existing agricultural extension system should therefore be strengthened to provide irrigation-specific advisory support. At present, irrigation advisory services are often treated as part of broader natural resources management or general agricultural extension functions, which limits the level of specialized attention given to irrigated agriculture. Therefore, a dedicated irrigation extension and advisory unit should be established within the agricultural extension system at regional and zonal, and woreda levels, rather than handling irrigation only as a sub-component of natural resources management.

This dedicated unit should be responsible for providing practical and continuous support on crop water requirements, irrigation scheduling, water allocation, soil moisture assessment, field application methods, drainage management, and efficient use of irrigation infrastructure. It should also support farmers and irrigation water user associations in preparing crop-stage-based irrigation calendars, determining irrigation frequency and duration, preparing seasonal water budgets, and applying simple field-based methods to assess when and how much to irrigate. Such support is particularly important where farmers expand irrigated land without adequate consideration of available water supply, crop water demand, and conveyance and application losses.

To make the service effective, extension personnel should be trained and deployed with practical skills in irrigated agriculture, not only in general crop production or natural resources management. Their training should combine technical knowledge with field demonstrations, farmer coaching, and locally understandable methods for explaining irrigation depth, flow rate, irrigation interval, crop water demand, and soil moisture conditions. Where feasible, digital advisory tools, including SMS-based and mobile-based irrigation scheduling services, should also be introduced to provide timely guidance to farmers during the irrigation season.

In addition to strengthening the public extension system, the possibility of promoting dedicated private irrigation extension services should be explored. Private service providers, cooperatives, consulting firms, input suppliers, pump suppliers, and trained local technicians could provide fee-based or contract-based advisory services on irrigation scheduling, pump operation, field layout, maintenance, and efficient water application. However, such services should be guided by clear technical standards, quality control mechanisms, and public oversight to ensure that advice remains affordable, reliable, and suitable for smallholder farmers. A combined public and private irrigation advisory system would help improve water productivity, reduce over-irrigation and under-irrigation, and enhance the long-term sustainability of irrigation schemes.
5.2.6 [bookmark: _Toc231277772][bookmark: _Toc235091612]Reinforce Irrigation Water Users Associations and Local Irrigation Governance
Weak institutional arrangements were a major factor affecting the performance of community-managed irrigation schemes. Strengthening IWUAs should therefore be treated as a central policy priority, not as a secondary social component. Support should include leadership training, transparent and enforceable bylaws, improved recordkeeping, conflict-resolution mechanisms, stronger farmer participation, and closer linkage between IWUAs, woreda irrigation offices, and extension services. Particular attention should be given to fair water allocation among head, middle, and tail-end users. The meaningful participation of women, youth, and marginalized users in irrigation governance should also be strengthened.
5.2.7 [bookmark: _Toc231277773][bookmark: _Toc235091613]Support Household-Managed Irrigation Through Reliable Energy and Affordable Technologies
Household-managed irrigation schemes often benefit from greater management flexibility and stronger farmer control, but their performance was constrained by unreliable energy for pumping, high fuel costs, limited access to spare parts, and weak maintenance services. Policy support should therefore promote affordable and reliable irrigation energy options, particularly in fuel-constrained areas. Solar-powered irrigation systems should be considered where they are technically and economically feasible. However, their promotion should be accompanied by credit or financing mechanisms, user training, after-sales services, spare-parts supply chains, and maintenance support. This would improve the reliability of water abstraction, reduce recurrent pumping costs, and strengthen the long-term functionality of household-managed irrigation systems.
5.2.8 [bookmark: _Toc231277774][bookmark: _Toc235091614]Strengthen Agricultural Input Supply and Crop Support Services
Irrigation alone cannot deliver higher productivity unless farmers also have timely access to fertilizers, improved seed, pesticides, soil amendments, and crop management support. Input delivery systems should therefore be strengthened to improve the availability, affordability, and timeliness of supply for irrigation farmers. Credit services, revolving input funds, or targeted input support mechanisms should be considered where input cost is a major constraint. Integrated pest and disease management should also be strengthened, particularly for high-value horticultural crops, because crop losses directly reduce land productivity, economic water productivity, and returns from irrigation investment.
5.2.9 [bookmark: _Toc231277775][bookmark: _Toc235091615]Promote Crop Diversification Based on Water Availability, Suitability, and Market Opportunity
The study showed that schemes and households cultivating high-value horticultural crops generally achieved better land and water productivity than cereal-dominated systems. Irrigation development should therefore support crop diversification toward economically viable and locally suitable high-value crops. However, crop selection should be aligned with available water, irrigation reliability, soil suitability, farmer capacity, input access, and market demand. Crop diversification should therefore be supported through coordinated interventions in irrigation planning, agronomic training, input supply, post-harvest handling, storage, value addition, and market linkage development.
5.2.10 [bookmark: _Toc231277776][bookmark: _Toc235091616]Shift from Capital Investment Planning to Lifecycle Asset Management
Many of the observed problems, including canal siltation, seepage, damaged structures, weed growth, and absence of flow-control facilities, reflect weak maintenance and asset management systems. Irrigation policy should therefore shift from a narrow focus on capital investment and new construction toward lifecycle asset management. This requires dedicated financing mechanisms for operation, maintenance, rehabilitation, and periodic modernization of existing schemes. Maintenance should be treated as a core public and community responsibility. Public investment decisions should also consider whether schemes can remain functional, productive, and sustainable over time, rather than focusing only on initial construction or area coverage. 
5.2.11 [bookmark: _Toc235091617][bookmark: _Toc231277777]Link Irrigation Development with Agricultural Productivity and Market 
The productivity of irrigated agriculture depends not only on water delivery, but also on crop choice, input supply, pest and disease control, market access, farmer skills, and irrigation scheduling. Irrigation policy should therefore be closely coordinated with agricultural production, extension, input supply, credit, energy, and market development policies. This is particularly important for promoting high-value crops and improving both physical and economic water productivity. Without strong agricultural support services and market linkages, the full benefits of irrigation investment may not be realized.
5.2.12 [bookmark: _Toc231277778][bookmark: _Toc235091618]Ensure Water-Constrained Planning for Irrigation Expansion
Expansion of irrigated areas should be guided by reliable water availability rather than by land development targets alone. Increasing command area without adequate assessment of water supply can reduce scheme performance, increase competition among users, intensify inequity between head, middle, and tail-end farmers, and lead to widespread under-irrigation. Future irrigation development and rehabilitation programs should therefore require water balance assessment, crop water requirement estimation, and relative irrigation supply analysis before approving area expansion. Where existing irrigated areas exceed the available water supply, corrective measures should also be considered. This may include reducing the actually irrigated area to a level that can be adequately served by the available water, adjusting the cropping pattern, limiting water-intensive crops, or introducing rotational irrigation based on transparent and agreed water allocation rules. Reducing irrigated areas under water-scarce conditions should not be seen as a reduction in development benefits, but as a measure to improve reliability, equity, crop performance, and water productivity within the scheme. Where water supply is limited but irrigation remains necessary, planned and scientifically quantified deficit irrigation may be considered. However, this should be supported by clear irrigation calendars, suitable crop selection, farmer training, and regular monitoring systems to ensure that deficit irrigation is applied intentionally and fairly, rather than occurring as uncontrolled water shortage across the scheme.

Where water supply is adequate or exceeds current irrigation demand, but the actually irrigated area remains below the developed or command area, efforts should focus on identifying and addressing the factors limiting irrigation use. In such cases, priority should be given to restoring non-functional infrastructure, improving water control and distribution, strengthening irrigation water user associations, improving access to inputs, credit, markets, and extension services, and resolving operational or institutional constraints that discourage farmers from using the available water. Expanding or restoring the irrigated area under such conditions can be justified, provided that it is based on proper water allocation planning, suitable crop selection, drainage management, and measures to avoid waterlogging, salinity, and inefficient water use. Therefore, schemes with adequate water supply but declining irrigated areas should be targeted for revitalization so that available water resources are converted into improved production, income, and water productivity.
5.2.13 [bookmark: _Toc231277779][bookmark: _Toc235091619]Institutionalize Performance Benchmarking and Routine Monitoring
It should be noted that the benchmark values generated by this study are based on the assessment conducted within a limited study period. Since irrigation performance varies across seasons and years due to rainfall, water availability, cropping patterns, and management practices, and market conditions, the results represent conditions observed during the study period rather than long-term performance trends. While the benchmark values provide useful baseline information for future performance monitoring, they may not fully represent the long-term or average performance conditions of the schemes, as irrigation performance can vary from season to season depending on water availability, rainfall, cropping pattern, management practices, infrastructure condition, and farmers’ irrigation behavior. 

Therefore, a national or regional irrigation performance-monitoring framework should be developed to regularly track both internal and external performance indicators. Internal indicators should include conveyance efficiency, application efficiency, distribution uniformity, storage efficiency, and scheme irrigation efficiency. External indicators should include land productivity, physical and economic water productivity, relative water supply, relative irrigation supply, irrigation ratio, and sustainability of irrigated areas. Benchmarking should be used not only for reporting, but also for identifying underperforming schemes, prioritizing rehabilitation, targeting extension support, and evaluating the effectiveness of interventions over time.
5.2.14 [bookmark: _Toc231277780][bookmark: _Toc235091620]Adopt an Integrated Irrigation Performance Improvement Framework
The evidence from this study clearly shows that physical rehabilitation alone will not be sufficient to improve irrigation performance sustainably. Future irrigation programs should be designed as integrated improvement packages that combine infrastructure rehabilitation, sediment management, water control, maintenance financing, on-farm water management, institutional strengthening, irrigation scheduling, energy access, agricultural input supply, crop diversification, market linkage, and farmer capacity building. Such an integrated approach would improve irrigation efficiency, agricultural productivity, equity, and long-term scheme sustainability. In summary, Ethiopia’s irrigation development approach should shift from a construction-led model toward a performance-oriented, service-based, and sustainability-focused model. The benchmark values generated by this study can support this transition by providing measurable reference points for diagnosing performance gaps, setting improvement targets, prioritizing public investment, and evaluating policy outcomes over time. 
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[bookmark: _Toc234311734]Appendix 1. FAO benchmarks for performance indicators
	Efficiency Parameter
	Typical Benchmark Value(s)
	Notes
	Citation

	Conveyance Efficiency
 – Lined Canals
	80–95%
	Higher end for short, well-maintained, concrete-lined canals
	FAO, 2002

	Conveyance Efficiency
 –Unlined Canals
	60–80%
	Lower values for long or poorly maintained unlined, earthen canals
	FAO, 2002

	Distribution Efficiency
	70–90%
	Highly variable; depends on management and design
	FAO, 2002

	Application Efficiency 
	60% for surface

	Varies by irrigation method; discipline and method quality 
	FAO, 2002

	Distribution Uniformity (DU)
	70–85%+
	Desirable for well-designed and well-maintained systems
	FAO, 2002

	Storage Efficiency
	~95% (field water storage in root zone)
	Achievable with well-timed and well-managed irrigation
	FAO, 2002

	Scheme Irrigation Efficiency
	50 – 60% = Reasonable
30 – 50% = Good
< 30% = Poor
	Calculated as the product of Ec, Eb and Ea.
	FAO, 2002




[bookmark: _Toc234311735]Appendix 2. Salient features of selected CMIS
	S.N
	Scheme Name
	Basin
	Region
	Zone
	Woreda
	Lat. (N)
	Long. (E)
	Alt. (m)
	Water source
	Headwork
	Lined MC (m)
	Unlined MC (m)
	Flow rate (m3/s)
	Command area (ha)
	Initially irrigated area (ha)
	Current irrigated area (ha)
	Year of commencement (GC)
	Soil type
	Major crops
	Beneficiary Households
	Scheme management

	1
	Ababa
	Genale Dawa
	Oromia
	Guji
	Adola
	6.09
	38.92
	1445
	River
	Weir
	
	114
	0.191
	54
	45
	45
	1994
	Sandy loam
	Maize, tomato, Head cabbage; onion, local cabbage and carrot
	96
	IWUA

	2
	Abayi
	Abay
	Oromia
	North Shewa
	Qinbibit
	9.44
	39.29
	2820
	Spring
	Spring Head work
	4000
	400
	0.01
	50
	42
	40
	2002
	Clay
	Onion, Tomato, Cabbage, Paper and Wheat
	55
	No IWUA

	3
	Amibuha
	Tekeze
	Amhara
	Central Gondar
	Belesa
	12.49
	37.8
	1779
	River
	Weir
	1000
	400
	0
	45
	41
	41
	1994
	Clay
	Onion, chickpea, Garlic, and Wheat
	157
	IWUA

	4
	Amid
	Denakle
	Amhara
	North Wollo
	Raya Kobo
	11.98
	39.64
	1505
	River
	Intake
	2700
	
	0.152
	154
	96
	96
	2010
	Sand Clay loam
	Wheat, Onion, Tomato, Cabbage, and Paper
	164
	IWUA

	5
	Anderem
	Abay
	Amhara
	East Gojjam
	Gozamin
	10.25
	37.58
	2088
	River
	Weir
	1580
	
	0.045
	136
	60
	126
	2021
	Clay to silt loam
	Wheat, Potato, Sugarcane, Cabbage, Tomato
	370
	IWUA

	6
	Atimena
	Abay
	Amhara
	East Gojjam
	Sinan
	10.51
	37.7
	2551
	River
	Weir
	1000
	203
	0.036
	38
	5
	11
	2021
	Clay
	Potato, Maize
	92
	IWUA

	7
	Ayehu Jimiri
	Abay
	Amhara
	Awe
	Ankesha
	10.83
	36.83
	2538
	River
	Weir
	2587
	300
	0.313
	137
	100
	106
	2019
	
	wheat and potato
	373
	IWUA

	8
	Bete Chole
	Abay
	Oromia
	West Shewa
	Toke Kutaye
	9
	36.76
	1913
	River
	Wier
	2500
	
	0.094
	145
	130
	130
	2012
	Clay
	Onion, Tomato, hot pepper, Garlic, Wheat, Potato and Sweet potato
	300
	IWUA

	9
	Bila
	Awash
	Somale
	City
	Erer
	9.54
	41.38
	1118
	River
	Intake
	
	650
	0.483
	410
	385
	385
	NS
	Sandy loam
	Orange, Mango, Lemon, Maize, Sorghum
	655
	IWUA

	10
	Bilate
	Rift Valley
	South Ethiopia
	Wolaita
	Diguna Fango
	6.87
	38.12
	1400
	River
	Weir
	15
	2800
	0.35
	586
	448
	565
	
	Clay loam
	Wheat, Maize, onion, Cabbage and Mango
	856
	IWUA

	11
	Bonga
	Baro-Akobo
	Gambla
	Agnwak
	Abol
	8.18
	34.83
	484
	River
	Weir
	5890
	
	0.102
	150
	60
	60
	2010
	loam
	Maize, Sorghum, Okra, Onion, Tomato
	
	IWUA

	12
	Bule Koloba
	Rift Valley
	Oromia
	Borana
	Elwaya
	5.28
	37.65
	
	River
	Weir
	
	1250
	0.08
	1254
	465
	465
	2008
	Sandy loam
	Maize, Wheat, Tomato, Cabbage
	875
	IWUA

	13
	Burabur
	Abay
	Amhara
	Awe
	Jawe
	11.36
	36.62
	1236
	River
	Weir
	968
	1000
	0.279
	85
	75
	85
	2014
	Clay loam
	Onion, Wheat
	249
	IWUA

	14
	Chacha
	Abay
	Amhara
	North Shewa
	Angolelana Tera
	9.52
	39.48
	2454
	River
	Weir
	2400
	
	0.14
	85
	50
	84
	2004
	Clay
	garlic, barley, carrot and Wheat
	380
	IWUA

	15
	Chala
	Rift Valley
	Sidama
	Sidama
	Lokabaya
	6.88
	38.25
	1690
	River
	Weir
	3100
	
	0.09
	80
	70
	105
	2016
	Clay loam
	Coffee, chat, wheat, maize and potato
	135
	IWUA

	16
	Cheleka
	Awash
	Amhara
	South Wollo
	Kalu
	11.13
	39.91
	1426
	River
	Weir
	1800
	
	0.096
	80
	80
	80
	2011
	Clay loam
	Onion, Tomato, Paper, Cabage, and Maize
	99
	IWUA

	17
	Chere
	Awash
	Oromia
	Arsi
	Digedu & Tijo
	8.29
	39.41
	2516
	River
	Weir
	4780
	
	0.11
	150
	130
	130
	2009
	Clay
	Garlic, potato, wheat, carrot
	248
	IWUA

	18
	Chifra
	Awash
	Afar
	Awsiresu (Zone 1)
	Chifra
	11.64
	40
	925
	River
	Weir
	108
	2600
	
	200
	80
	102
	2020
	Silty clay
	Maize, Onion
	600
	IWUA

	19
	Cole Beyyam
	Omo-Gibe
	Oromia
	Jimma
	Nada
	7.6
	37.37
	1718
	River
	Weir
	7500
	3000
	0.092
	500
	150
	157
	2017
	Sandy clay
	wheat, maize, cabbage, tomato, potato
	527
	IWUA

	20
	Debeso Lemefa
	Abay
	Oromia
	Buno Bedele
	Chora
	8.42
	36.16
	1758
	River
	Weir
	1120
	500
	0.011
	21
	21
	11
	2017
	Sandy clay loam
	Wheat, Maize, tomato
	55
	IWUA

	21
	Dereba
	Abay
	Amhara
	South Wollo
	Legabo
	10.86
	39.39
	2892
	River
	Weir
	400
	1400
	0.016
	107
	80
	80
	1005
	Clay loam
	wheat, Potato, Tomato, Onion, and Cabbage
	570
	IWUA

	22
	Dire Kiltu
	Awash
	Oromia
	Arsi
	Dodota
	8.3
	39.9
	2430
	River
	Weir
	6664
	
	0.63
	1100
	838
	1600
	2021
	Sandy loam
	Onion, Wheat, Tomato
	860
	IWUA

	23
	Dorso
	Rift Valley
	Oromia
	west Guji
	Abaya
	6.37
	38.28
	1529
	River
	Weir
	1800
	669
	0.199
	100
	70
	61
	2006
	Clay loam
	Maize, tomato, cabbage; Coffee, Banana, onion, local cabbage, wheat and Sugar cane
	340
	IWUA

	24
	Durufuli
	Awash
	Afar
	Gabiresu (Zone 3)
	Dulesa
	9.26
	40.03
	761
	River
	Weir
	-
	2050
	
	70
	50
	90
	2011
	Silty
	Cotton, Tomato
	210
	-

	25
	Ejersa
	Omo-Gibe
	Oromia
	Southwest Shewa
	Waliso
	8.54
	37.98
	2110
	River
	Weir
	2000
	290
	0.123
	96
	40
	74
	2006
	Clay loam
	Potato, Onion, Tomato, Cabbage, Paper and Wheat
	127
	IWUA

	26
	Erba
	Genale Dawa
	Oromia
	Bale
	Dalo mana
	6.51
	39.87
	1308
	River
	Weir
	4200
	1400
	0.25
	213
	213
	312
	2021
	Clay loam
	Maize, Sweet potato, Tomato, Peper, Mung bean
	426
	IWUA

	27
	Geray No 2
	Abay
	Amhara
	West Gojjam
	Jabitehinan
	10.64
	37.28
	1804
	River
	Weir
	9500
	
	1.445
	700
	111
	852
	1983/ renewed 2014
	Clay
	Sugarcane, Wheat, Potato, Tomato, Onion, Mango, Coffee
	526
	IWUA

	28
	Gibe kechema
	Omo-Gibe
	Oromia
	Jimma
	Seka Chekorsa
	7.61
	36.75
	1769
	River
	Weir
	3500
	3200
	0.119
	200
	151
	87
	2019
	Sandy clay loam
	Wheat, maize, soybean, common bean, potato, banana, chat
	600
	IWUA

	29
	Goderei
	Wabi Shebele
	Somale
	Gode
	Gode
	5.91
	43.55
	275
	River
	Pump intake
	
	500
	0.03
	25
	25
	15
	NS
	Sandy loam
	Watermelon, Onion, Pepper, Tomato,
	20
	IWUA

	30
	Godino
	Awash
	Oromia
	East Shewa
	Adea
	8.84
	39.02
	1980
	River
	Weir
	300
	400
	0.325
	409
	411
	300
	1993
	Clay loam
	Wheat, Onion, Tomato, Cabbage, and Kale
	600
	IWUA

	31
	Golina
	Denakle
	Amhara
	North Wollo
	Raya Kobo
	12.07
	39.67
	1391
	River
	Intake
	1900
	1000
	0.46
	301
	278
	275
	2006
	Clay
	Onion, Tomato, Paper, Cabage, and Hababe
	904
	IWUA

	32
	Gonga
	Awash
	Oromia
	Southwest Shewa
	Seden Sodo
	8.64
	38.17
	2600
	River
	Weir
	1800
	150
	0.046
	96
	63
	25
	2012
	Silty loam
	Onion, Tomato, Potato, Cabbage, Carrot, Garlic, and Pepper, Wheat
	219
	IWUA

	33
	Gorsh
	Abay
	Benishengul
	Metekel
	Wombera
	10.68
	35.82
	2310
	River
	Weir
	134
	1008
	0.166
	25
	19
	15
	2022
	Sandy clay loam
	Wheat and potato
	17
	IWUA

	34
	Gulo
	Awash
	Amhara
	North Shewa
	Efrata Gidm
	10.12
	39.93
	1185
	Spring
	Intake
	937
	-
	0.074
	269
	60
	60
	2014
	Loam
	Maize, Pepper, Tobacco, Tomato
	
	IWUA

	35
	Haji Faja
	Awash
	Dire Dawa
	Dire Dawa
	Wahel Cluster
	9.51
	41.77
	1501
	Spring
	Spring Head work
	1500
	-
	0.056
	100
	77
	77
	2023
	Sandy loam
	maize, onion, tomato, cabbage and chat
	130
	IWUA

	36
	Harawa #1
	Wabi Shebele
	Oromia
	East Hararghe
	Metta
	9.34
	41.61
	1714
	Spring
	Spring Head work
	1000
	-
	
	89
	70
	70
	1997
	Sandy loam
	Potato, Cabbage, Onion, Tomato, maize
	410
	IWUA

	37
	Hargity
	Awash
	Oromia
	West Hararghe
	Gumbi Bordode
	9.05
	40.6
	1358
	River
	Weir
	450
	1500
	0.059
	150
	55
	65
	2018
	Clay loam
	Tomato, sorghum, Chat, Onion and Cabbage
	87
	-

	38
	Jorika
	Baro-Akobo
	Southwest Ethiopia
	Bench Sheko
	Guraferda
	7.03
	35.12
	1422
	River
	Weir
	2800
	
	
	50
	4
	20
	2014
	Sandy clay
	Onion, Hot pepper, Wheat, Tomato, and Rice
	13
	IWUA

	39
	Karfe
	Awash
	Oromia
	East Shewa
	Adea
	8.82
	39.13
	2037
	River
	Weir
	350
	
	0.059
	39
	39
	65
	2011
	Clay loam
	Wheat, onion, Tomato, Cabbage, and Kale
	193
	IWUA

	40
	Kengi
	Baro-Akobo
	Gambla
	Megngi
	Godera
	8.13
	35.34
	1400
	River
	Weir
	500
	2200
	
	40
	2
	10
	2014
	Sandy clay
	Tomato, Onion, Hot pepper, Wheat and cabbage
	54
	IWUA

	41
	Keskash
	Abay
	Amhara
	Northshewa
	Mojana Woderea
	9.94
	39.67
	2778
	River
	Intake
	3600
	
	0.12
	198
	120
	218
	2018
	Clay
	garlic, Onion, and Wheat
	263
	IWUA

	42
	Ketar
	Rift Valley
	Oromia
	Arsi
	Tiyo
	7.86
	39.01
	2250
	River
	Weir
	5340
	
	0.8
	431
	431
	608
	1983
	Sand clay loam
	Wheat, Onion, Potato, Cabbage
	1052
	IWUA

	43
	Kishe
	Omo-Gibe
	Oromia
	Jimma
	Shebe Sombo
	7.46
	36.42
	1310
	River
	Weir
	1000
	1560
	0.012
	40
	28
	29
	1975
	Sandy clay loam
	Wheat, maize, tomato, banana, coffee hot pepper and groundnut
	65
	IWUA

	44
	Lega Holeta
	Awash
	Oromia
	West Shewa
	Welmera
	8.99
	38.47
	2145
	River
	Weir
	-
	5000
	0.031
	120
	10
	55
	2013
	Sandy clay
	Potato, Onion, Tomato, Cabbage, Paper and Wheat
	120
	IWUA

	45
	Lower areb
	Abay
	Amhara
	North Gojam
	N/Achefer
	11.6
	37.02
	1861
	River
	Weir
	2594
	1000
	
	48
	9
	56
	2014
	Clay
	Wheat, onion, tomato, cabbage, sugarcane
	116
	IWUA

	46
	Lugo
	Wabi Shebele
	Harari
	Harari
	Sofi
	9.26
	41.14
	1436
	Spring
	Spring Head work
	1000
	-
	
	50
	30
	30
	2014
	Sandy loam
	cabbage, onion, tomato, chat and pepper
	70
	IWUA

	47
	Mada talila
	Awash
	Oromia
	East Hararghe
	Goro Gutu
	9.42
	41.49
	1717
	Spring
	Spring Head work
	1100
	-
	
	103
	57
	57
	2004
	Sandy clay loam
	Tomato, Onion, broccoli, cabbage and wheat
	662
	IWUA

	48
	Melka Oba
	Awash
	Oromia
	East Shewa
	Adama
	8.32
	39.41
	1550
	River
	Weir
	200 pipe
	
	0.091
	115
	115
	90
	2000
	Clay loam
	Wheat, onion, Tomato, Cabbage, Snapbean and Kale
	200
	IWUA

	49
	Mengelle 39 SSIS
	Baro-Akobo
	Benishangule
	Assosa
	Abramo
	9.93
	34.53
	1460
	River
	Weir
	900
	100
	0.086
	75
	30
	63
	2019
	Clay
	Tomato, Pepper and Chat
	138
	IWUA

	50
	Mentawuha
	Abay
	Amhara
	South Gonder
	Farta
	11.9
	37.96
	2221
	River
	Weir
	1000
	-
	
	35
	23
	16
	
	Clay loam
	wheat and potato
	86
	IWUA

	51
	Meteray
	Abay
	Amhara
	South Gonder
	Este
	11.7
	37.98
	2244
	River
	Weir
	1800
	-
	
	94
	35
	30
	2018
	Clay loam
	onion, potato, pepper,wheat
	170
	IWUA

	52
	Middle Sonka SSIS
	Abay
	Benishangule
	Assosa
	Bambasi
	9.81
	34.72
	1391
	River
	Weir
	2700
	300
	0.097
	180
	45
	61
	2021
	Clay
	Maize, Onion, Wheat, Sugarcane, Pepper
	400
	IWUA

	53
	Midhagdu
	Wabi Shebele
	Oromia
	West Hararghe
	Oda Bultum
	8.88
	40.78
	1646
	River
	Weir
	3000
	250
	0.111
	366
	246
	280
	2004
	Clay
	Chat, Onion, Tomato, Potato, and cabbage
	385
	-

	54
	Mojo Tiqa
	Awash
	Oromia
	East Shoa
	Chefe Donsa
	8.97
	39.13
	2316
	River
	Weir
	1356
	-
	0.031
	20
	12
	50
	-
	Clay
	wheat, garlic, onion
	
	IWUA

	55
	Nanasha Gumguma
	Wabi Shebele
	Oromia
	West Arsi
	Adaba
	7.01
	39.36
	2372
	River
	Weir
	1462
	
	0.052
	105
	100
	105
	2010
	Sandy clay loam
	Potato, Wheat, onion
	150
	IWUA

	56
	Opi
	Baro-Akobo
	Southwest Ethiopia
	Sheka
	Yeki
	7.29
	35.84
	1227
	River
	Weir
	780
	0
	
	40
	20
	18
	2014
	clay loam
	Swiss chard, Tomato, Hot pepper, Wheat and Cabbage
	40
	IWUA

	57
	Otora
	Rift Valley
	South Ethiopia
	Gamo
	Gerese Zuria
	5.87
	37.29
	1471
	River
	Weir
	2187
	0
	0.13
	69
	47
	52
	2018
	Loam sand
	maize and hot pepper
	135
	IWUA

	58
	Qadalle
	Genale Dawa
	Oromia
	Borana
	Yabello
	4.88
	38.28
	
	River
	Weir
	1335
	
	0.11
	674
	289
	289
	2014
	Sandy loam
	Onion, Tomato, Potato, Wheat
	275
	IWUA

	59
	Regede
	Rift Valley
	South Ethiopia
	Alle
	Gewada
	5.42
	37.26
	1441
	River
	Weir
	314
	3225
	0.064
	120
	105
	77
	1978
	Loam sand
	Onion, Maize and sorghum
	370
	IWUA

	60
	Shapa
	Omo-Gibe
	Central Ethiopia
	Hadiya
	W/Badwacho
	7.14
	37.84
	1950
	River
	Weir
	4500
	0
	0.092
	119
	100
	115
	2019
	Clay loam
	Wheat, Maize, onion, tomato and cabbage
	338
	IWUA

	61
	Shaya
	Rift Valley
	Oromia
	Arsi
	Lode Hetosa
	7.73
	39.24
	2340
	River
	Weir
	3209
	
	0.045
	50
	50
	50
	1999
	Clay Loam
	Onion, potato, wheat
	102
	IWUA

	62
	Silga SSIS
	Abay
	Benishangule
	Assosa
	Bambasi
	9.8
	34.8
	1345
	River
	Weir
	800
	
	0.021
	35
	5
	5
	2019
	Clay
	Pepper, Cabbage, Banana
	140
	IWUA

	63
	Sublele (Ambash)
	Awash
	Afar
	Gabiresu (Zone 3)
	Amibara
	9.45
	40.21
	732
	River
	Pump
	-
	2000
	
	
	500
	490
	-
	Silty clay
	Cotton, Wheat
	-
	-

	64
	Swak
	Tekeze
	Amhara
	Central Gondar
	Belesa
	12.5
	37.79
	1787
	River
	Weir
	300
	600
	0
	75
	68
	36
	1983
	Silt clay
	Onion, chickpea, Garlic, and Wheat
	158
	IWUA

	65
	Tamsa
	Abay
	Oromia
	Jimma
	Gomma
	7.8
	36.57
	1642
	River
	Weir
	2300
	1300
	0.056
	72
	43
	18
	2009
	Sandy clay loam
	Wheat, onion, cabbage, tomato, watermelon
	211
	IWUA

	66
	Ujummo
	Baro-Akobo
	Oromia
	West Wollega
	Gimbi
	8.94
	35.81
	1755
	River
	Weir
	1800
	500
	0.083
	43
	37
	32
	2016
	Sandy clay loam
	wheat, hot pepper, cabbage, tomato and carrot
	78
	IWUA

	67
	Walmel Guda
	Genale Dawa
	Oromia
	Bale
	Dalo Mana
	6.16
	39.45
	1060
	River
	Weir
	8900
	
	0.413
	365
	287
	400
	2018
	Clay loam
	Maize, Sweet potato, Tomato, Peper, Mung bean and Onion
	500
	IWUA

	68
	Walmel Tika
	Genale Dawa
	Oromia
	Bale
	Harana Buluka
	6.44
	39.62
	1513
	River
	Weir
	3000
	
	0.2
	650
	269
	650
	2019
	Clay loam
	Maize, Sweet potato, Banana, Peper, Tomato
	500
	IWUA

	69
	Wedesa
	Rift Valley
	Sidama
	Sidama
	Wondo Genet
	7.05
	38.6
	1759
	River
	Weir
	2500
	0
	0.41
	180
	250
	373
	2019
	Clay loam
	Sugarcane, chat, wheat, maize and potato
	586
	IWUA

	70
	Weira
	Rift Valley
	Central Ethiopia
	Hadiya
	Shashego
	7.6
	38.07
	1900
	River
	Weir
	2750
	150
	0.42
	300
	251
	486
	2015
	Clay
	Wheat, Maize, onion, tomato and banana
	500
	IWUA

	71
	Weserbi
	Awash
	Oromia
	Shouth West Shewa
	Ilu
	8.82
	38.36
	2075
	Ground water
	Borehole
	-
	-
	0.04
	630
	50
	300
	2014
	Clay
	onion, Tomato, Cabbage, Paper and Wheat
	60
	No IWUA

	72
	Woito
	Rift Valley
	South Ethiopia
	South Omo
	Bena Tsemay
	5.36
	36.99
	549
	River
	Weir
	3576
	6435
	1.312
	760
	500
	2319
	1998
	Sandy loam
	onion, maize, sesame, banana, tomato
	1480
	IWUA

	73
	Wonji Kuriftu
	Awash
	Oromia
	East Shewa
	Adama
	8.47
	39.21
	1555
	River
	Pump intake
	300 pipe
	250
	0.08
	60
	45
	40
	NS
	Clay loam
	Wheat, Onion, Tomato, Cabbage, Snapbean and Kale
	136
	IWUA

	74
	Zaba Bezo
	Rift Valley
	South Ethiopia
	Gofa
	Uba Debretsehay
	5.91
	36.75
	1045
	River
	Weir
	4160
	0
	0.6
	202
	150
	244
	2011
	Sandy loam
	maize, onion, tomato, sesame, banana
	600
	IWUA

	75
	Zemeskel
	Awash
	Amhara
	North Shoa
	Minjar Shenkora
	8.92
	39.37
	2544
	River
	Pump
	785
	-
	0.033
	10
	20
	35
	2018
	Loam
	wheat
	46
	IWUA
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	Scheme Name
	Ec (%)
	Ed (%)
	Ea (%)
	DU (%)
	Es (%)
	SIE (%)

	Ababa
	65
	51
	52
	86
	53
	17

	Abayi
	51
	 
	52
	92
	42
	26

	Amibuha
	67
	70
	45
	68
	54
	21

	Amid
	86
	 
	37
	75
	75
	32

	Anderem
	96
	51
	43
	60
	62
	21

	Atimena
	89
	 
	51
	42
	61
	45

	Ayehu Jumirie
	92
	84
	57
	89
	74
	44

	Bete Chole
	80
	68
	54
	96
	42
	30

	Bilate
	83
	73
	54
	93
	84
	33

	Billa  
	52
	 
	35
	80
	49
	18

	Bonga   
	78
	 
	47
	74
	62
	37

	Bule Koloba
	55
	89
	30
	91
	70
	15

	Burabur 
	68
	 
	56
	90
	77
	38

	chacha
	65
	49
	37
	65
	46
	12

	Chala
	91
	91
	48
	90
	83
	40

	Cheleka
	94
	 
	44
	87
	62
	41

	Chere
	85
	60
	34
	82
	89
	18

	Chifra 
	64
	65
	57
	83
	61
	24

	Chole Beyem
	67
	 
	51
	85
	86
	34

	Debeso 2ffa 
	40
	 
	32
	78
	83
	13

	Dereba
	30
	 
	52
	82
	72
	16

	Dire Kiltu
	72
	89
	32
	81
	48
	21

	Dorso 
	82
	 
	47
	94
	53
	38

	Durufuli
	45
	 
	28
	82
	58
	13

	Ejersa
	57
	56
	58
	94
	34
	18

	Erba
	77
	76
	56
	85
	63
	33

	Geray II
	96
	64
	38
	54
	66
	24

	Gibe Kechema
	40
	 
	33
	80
	80
	13

	Goderei  
	85
	 
	47
	83
	52
	40

	Godino  
	95
	78
	68
	71
	67
	50

	Golina
	89
	 
	61
	79
	78
	55

	Gonga
	74
	74
	66
	73
	64
	36

	Gorsh 
	59
	77
	57
	89
	75
	26

	Gulo
	65
	58
	59
	82
	66
	22

	Haji fajja
	87
	87
	57
	76
	65
	43

	Harawa #1
	71
	 
	54
	71
	65
	38

	Hargity
	84
	 
	50
	78
	59
	42

	Jorika
	88
	33
	56
	94
	55
	16

	Kenji
	38
	 
	47
	73
	44
	18

	Kerfe 
	80
	 
	64
	81
	53
	51

	keskash 
	82
	65
	61
	66
	64
	32

	Ketar Genet
	78
	89
	31
	55
	56
	21

	Kishe
	76
	 
	30
	81
	84
	23

	Lega Holeta
	75
	68
	54
	40
	53
	27

	Lower areb
	60
	 
	29
	70
	79
	17

	Lugo
	80
	81
	68
	66
	65
	44

	Mada Talila 
	74
	83
	66
	77
	66
	40

	Melka Oba
	78
	 
	39
	53
	52
	31

	Mengelle 39
	56
	 
	55
	96
	99
	31

	Mentawuha
	58
	 
	27
	73
	65
	16

	Meteray
	64
	 
	24
	44
	57
	15

	Middle_Sonka
	83
	78
	61
	92
	91
	39

	Midhagdu
	88
	 
	31
	71
	69
	27

	Mojo Tiqa
	67
	56
	56
	74
	58
	21

	Nanasha Gumguma
	91
	87
	55
	68
	75
	43

	Oppi
	40
	26
	70
	46
	57
	7

	Otora
	89
	87
	55
	77
	68
	43

	Qadalle
	74
	73
	36
	87
	70
	19

	Regede
	74
	63
	32
	73
	62
	15

	Shapa
	92
	93
	53
	93
	87
	46

	Shaya
	86
	87
	42
	91
	86
	32

	Silga SSIS
	68
	 
	52
	96
	97
	35

	Sublele (Ambash)
	66
	52
	51
	75
	55
	18

	Swak
	66
	68
	57
	79
	66
	25

	Tamsa
	57
	 
	41
	93
	78
	23

	Ujummo
	73
	 
	36
	89
	90
	26

	Walmal Guda
	92
	 
	65
	90
	82
	60

	Walmal Tika
	79
	86
	65
	87
	66
	44

	Wedessa
	92
	60
	46
	88
	84
	26

	Weira
	93
	92
	57
	93
	86
	49

	Wesarbi
	68
	 
	53
	91
	47
	36

	Wonji Kuriftu 
	81
	 
	48
	39
	50
	39

	Woyito  
	72
	58
	47
	65
	86
	20

	Zaba Bezo  
	75
	66
	55
	84
	74
	27

	Zemeske
	65
	61
	57
	90
	85
	23



[bookmark: _Toc234311737]Appendix 4. Internal performance indicators for HHIS 
	HH
	Application Efficency, Ea%
	Distribution Uniformity, DU%
	Storage Efficiency, Es%

	
	Soil texture
	Soil texture
	Soil texture

	
	Heavy
	Medium
	Light
	Heavy
	Medium
	Light
	Heavy
	Medium
	Light

	1
	56
	 
	 
	91
	 
	 
	63
	 
	 

	2
	47
	 
	 
	93
	 
	 
	89
	 
	 

	3
	58
	 
	 
	55
	 
	 
	80
	 
	 

	4
	31
	 
	 
	59
	 
	 
	70
	 
	 

	5
	66
	 
	 
	94
	 
	 
	88
	 
	 

	6
	65
	 
	 
	64
	 
	 
	63
	 
	 

	7
	 
	 
	63
	 
	 
	79
	 
	 
	78

	8
	 
	 
	62
	 
	 
	67
	 
	 
	65

	9
	44
	 
	 
	70
	 
	 
	68
	 
	 

	10
	53
	 
	 
	92
	 
	 
	78
	 
	 

	11
	 
	 
	59
	 
	 
	88
	 
	 
	83

	12
	 
	43
	 
	 
	79
	 
	 
	79
	 

	13
	50
	 
	 
	76
	 
	 
	71
	 
	 

	14
	27
	 
	 
	85
	 
	 
	60
	 
	 

	15
	60
	 
	 
	81
	 
	 
	71
	 
	 

	16
	47
	 
	 
	89
	 
	 
	76
	 
	 

	17
	35
	 
	 
	86
	 
	 
	65
	 
	 

	18
	 
	 
	58
	 
	 
	88
	 
	 
	71

	19
	52
	 
	 
	78
	 
	 
	75
	 
	 

	20
	 
	 
	51
	 
	 
	89
	 
	 
	57

	21
	44
	 
	 
	79
	 
	 
	64
	 
	 

	22
	68
	 
	 
	93
	 
	 
	74
	 
	 

	23
	 
	35
	 
	 
	79
	 
	 
	61
	 

	24
	46
	 
	 
	92
	 
	 
	89
	 
	 

	25
	 
	31
	 
	 
	88
	 
	 
	81
	 

	26
	37
	 
	 
	61
	 
	 
	61
	 
	 

	27
	30
	 
	 
	53
	 
	 
	53
	 
	 

	28
	49
	 
	 
	75
	 
	 
	84
	 
	 

	29
	34
	 
	 
	87
	 
	 
	60
	 
	 

	30
	 
	 
	56
	 
	 
	88
	 
	 
	67

	31
	 
	42
	 
	 
	68
	 
	 
	56
	 

	32
	61
	 
	 
	81
	 
	 
	81
	 
	 

	33
	55
	 
	 
	73
	 
	 
	94
	 
	 

	34
	56
	 
	 
	90
	 
	 
	82
	 
	 

	35
	 
	 
	57
	 
	 
	84
	 
	 
	80

	36
	55
	 
	 
	94
	 
	 
	89
	 
	 

	37
	52
	 
	 
	87
	 
	 
	80
	 
	 

	38
	51
	 
	 
	91
	 
	 
	67
	 
	 

	39
	43
	 
	 
	79
	 
	 
	79
	 
	 




[bookmark: _Toc234311738]Appendix 5. CMIS External performance indicators 
a) All perennial and seasonal crops (75 schemes)
	Scheme
	OPCoA
	OPCIA
	OPID
	OPWC
	RWS
	RIS
	IR
	SIA

	Ababa
	12.44
	16.00
	0.32
	0.29
	1.33
	1.4
	0.8
	0.93

	Abayi
	33.60
	42.00
	4.82
	4.04
	1.29
	0.4
	0.7
	0.89

	Amibuha
	37.23
	37.23
	2.19
	1.86
	1.17
	1.2
	0.8
	1.00

	Amid
	23.69
	38.00
	0.64
	0.61
	1.9
	2
	0.6
	1.00

	Anderem
	40.42
	43.63
	1.61
	1.37
	0.87
	0.9
	0.9
	2.10

	Atimena
	37.39
	135.30
	1.96
	1.72
	0.94
	0.9
	0.3
	2.33

	Ayehu
	106.76
	107.15
	3.08
	2.18
	1.4
	2.1
	1
	1.37

	Bete Chole
	39.45
	44.17
	1.22
	0.99
	1.01
	1
	0.9
	1.00

	Bilate
	69.68
	72.27
	2.01
	1.69
	0.77
	0.7
	1
	1.26

	Billa
	102.93
	109.61
	1.05
	0.72
	1.15
	1.2
	0.9
	1.00

	Bonga
	9.17
	22.92
	0.21
	0.21
	1.87
	1.9
	0.4
	1.00

	Bule Koloba
	21.58
	58.20
	1.04
	0.96
	1.35
	1.4
	0.7
	1.00

	Burabure
	106.94
	121.19
	2.81
	2.45
	0.89
	0.9
	0.9
	1.00

	Chacha
	135.42
	137.86
	2.69
	2.22
	1.39
	1.5
	1
	1.67

	Chala
	93.25
	71.05
	1.65
	1.23
	1.02
	1
	1.3
	1.50

	Cheleka
	96.78
	96.78
	1.78
	1.25
	1.3
	1.3
	1
	1.00

	Chere
	48.00
	40.00
	2.01
	1.25
	0.86
	0.8
	1.2
	1.38

	Chifra
	21.80
	42.75
	1.46
	0.72
	0.77
	0.6
	0.5
	1.28

	Chole Beyem
	15.05
	48.18
	1.56
	1.13
	0.88
	0.8
	0.3
	1.04

	Debeso 2ffa
	34.50
	34.50
	1.51
	1.24
	0.96
	1
	1
	1.00

	Dereba
	17.94
	24.00
	3.96
	2.18
	0.5
	0.4
	0.8
	1.00

	Dire Kiltu
	40.73
	28.00
	1.55
	1.50
	1.54
	0.6
	1.5
	1.91

	Dorso
	58.35
	98.90
	2.27
	1.84
	1.48
	1.7
	0.6
	0.84

	Durufli
	111.43
	86.67
	1.02
	0.75
	1.39
	1.6
	1.3
	1.80

	Ejersa
	30.42
	39.46
	0.85
	0.63
	1.4
	1.6
	0.8
	1.85

	Erba
	164.95
	164.95
	3.46
	2.32
	1.33
	1.6
	0.7
	1.00

	Geray-2
	79.59
	101.44
	1.21
	0.72
	1.12
	1.2
	0.8
	6.00

	Gibe Kechema
	21.15
	51.18
	0.68
	0.64
	1.49
	1.5
	0.4
	0.58

	Goderei
	108.00
	180.00
	2.60
	2.18
	1.3
	1.4
	0.6
	0.60

	Godino
	29.34
	40.00
	0.89
	0.72
	0.98
	1
	0.7
	0.73

	Golina
	85.01
	94.09
	1.24
	1.11
	2.05
	2.4
	0.9
	0.99

	Gonga
	7.81
	30.00
	0.52
	0.46
	1.68
	1.9
	0.3
	0.40

	Gorsha
	27.64
	57.58
	2.48
	1.08
	0.77
	0.7
	0.5
	0.80

	Gulo
	9.66
	53.74
	1.16
	1.14
	0.79
	0.8
	0.8
	1.00

	Haji Fajja
	113.00
	146.75
	6.05
	5.82
	0.55
	0.5
	0.8
	1.00

	Harawa-1
	181.74
	231.07
	17.45
	10.59
	0.5
	0.4
	0.8
	1.00

	Hargity
	52.48
	121.10
	2.35
	2.14
	1.42
	1.5
	0.4
	1.18

	Jorika
	19.30
	48.25
	0.61
	0.51
	1.65
	1.9
	0.4
	5.00

	Kenji
	43.97
	175.88
	1.44
	0.98
	1.88
	2.1
	0.3
	6.00

	Kerfe
	88.46
	53.08
	4.44
	3.95
	0.35
	0.4
	1.7
	1.67

	Keskash
	68.42
	62.04
	2.18
	1.42
	1.09
	1.1
	1.1
	1.82

	Ketar Genet
	70.53
	50.00
	1.09
	0.81
	0.89
	1.3
	1
	1.41

	Kishe
	22.04
	30.44
	1.41
	0.68
	0.72
	0.6
	0.7
	1.03

	Lega Holeta
	13.29
	29.00
	2.94
	1.16
	0.35
	0.7
	0.5
	5.50

	Lower Areb
	126.39
	128.39
	1.52
	1.20
	1.33
	1.5
	1
	5.25

	Lugo
	100.80
	168.00
	5.37
	5.33
	0.53
	0.5
	0.6
	1.00

	Mada Talila
	65.05
	117.54
	2.12
	1.85
	1.31
	1.4
	0.6
	1.00

	Melka Oba
	26.61
	34.00
	1.30
	1.20
	0.51
	0.5
	0.8
	0.78

	Mengelle 39
	55.48
	66.05
	1.09
	1.09
	1.16
	1.2
	0.8
	2.10

	Mentawuha
	33.34
	74.10
	8.49
	7.46
	0.21
	0.2
	0.5
	0.68

	Meteray
	34.30
	82.14
	5.98
	5.24
	0.39
	0.4
	0.4
	1.12

	Middle Sonka
	12.93
	38.16
	0.48
	0.43
	1.64
	1.7
	0.3
	1.36

	Midhagdu
	98.04
	128.15
	4.10
	2.11
	1.32
	1.9
	0.8
	1.14

	Mojo Tiqa
	43.06
	37.86
	1.06
	0.65
	0.92
	0.9
	1.1
	1.90

	Nanasha Gumguma
	45.71
	40.00
	1.64
	1.14
	1.31
	0.7
	1.1
	1.20

	Oppi
	30.46
	48.34
	0.63
	0.56
	1.63
	1.8
	0.6
	1.26

	Otora
	41.68
	55.62
	0.39
	0.31
	1.23
	1.3
	0.8
	1.10

	Qadalle
	49.57
	115.61
	4.03
	3.49
	0.27
	0.8
	0.4
	1.00

	Regede
	28.03
	43.74
	1.13
	0.58
	1.26
	1.7
	0.6
	0.73

	Shapa
	38.91
	40.26
	0.87
	0.75
	0.7
	0.6
	1
	1.15

	Shaya
	30.00
	30.00
	0.73
	0.55
	1.57
	1.2
	1
	1.00

	Silga
	21.29
	149.04
	1.71
	1.50
	1.84
	2.1
	0.1
	1.00

	Sublele
	 
	24.76
	0.57
	0.46
	0.67
	0.6
	0.8
	0.98

	Swak
	20.34
	20.34
	0.83
	0.75
	1.91
	2.1
	1
	1.10

	Tamsa
	14.76
	59.56
	1.76
	1.18
	1.37
	1.2
	0.3
	0.42

	Ujummo
	108.70
	126.63
	1.88
	1.72
	2.24
	2.5
	0.9
	1.01

	Walmal Guda
	143.36
	143.55
	3.20
	2.05
	1.23
	1.8
	0.9
	1.27

	Walmal Tika
	87.95
	163.34
	4.08
	2.34
	1.13
	1.3
	0.5
	1.30

	Wedessa
	300.61
	145.07
	2.51
	1.78
	1.08
	1.1
	1.2
	1.49

	Weira
	86.95
	53.67
	1.37
	1.18
	1.79
	0.9
	1.6
	1.94

	Wesarbi
	19.52
	41.00
	5.68
	2.32
	0.48
	0.7
	0.5
	6.00

	Woito
	293.97
	96.34
	3.45
	2.20
	0.94
	0.9
	3.1
	4.64

	Wonji Kuriftu
	27.33
	41.00
	0.59
	0.57
	1.28
	1.3
	0.7
	0.89

	Zaba Bezo
	144.69
	119.79
	2.15
	1.67
	1.79
	2.3
	1.2
	1.63

	Zemeskel
	70.00
	35.00
	1.60
	1.23
	0.49
	0.4
	2
	1.00




b) External Indicators of schemes with Seasonal Crops (72 schemes)
	Scheme
	OPCoA
	OPCIA
	OPID
	OPWC
	RWS
	RIS
	IR
	SIA

	Ababa
	12.44
	16.00
	0.32
	0.29
	1.33
	1.38
	0.78
	0.93

	Abayi
	33.60
	42.00
	4.82
	4.04
	0.43
	0.39
	0.74
	0.89

	Amibuha
	37.23
	37.23
	2.19
	1.86
	1.17
	1.20
	0.83
	1.00

	Amid
	23.69
	38.00
	0.64
	0.61
	1.90
	1.98
	0.62
	1.00

	Anderem
	37.50
	41.13
	1.52
	1.30
	0.87
	0.85
	0.93
	2.10

	Atimena
	37.39
	135.30
	1.96
	1.72
	1.57
	1.71
	0.28
	2.33

	Ayehu
	106.76
	107.15
	3.08
	2.18
	1.09
	1.13
	1.00
	1.37

	Bete Chole
	39.45
	44.17
	1.22
	0.99
	1.01
	1.01
	0.89
	1.00

	Bilate
	65.90
	71.52
	1.99
	1.68
	0.77
	0.74
	0.96
	1.26

	Billa
	4.88
	40.00
	0.38
	0.26
	1.15
	1.24
	0.94
	1.00

	Bonga
	9.17
	22.92
	0.21
	0.21
	1.87
	1.87
	0.40
	1.00

	Bule Koloba
	21.58
	58.20
	1.04
	0.96
	1.35
	1.39
	0.69
	1.00

	Burabure
	83.41
	109.07
	2.53
	2.20
	0.89
	0.88
	0.88
	1.00

	Chacha
	135.42
	137.86
	2.69
	2.22
	1.39
	1.51
	0.98
	1.67

	Chala
	43.75
	41.18
	0.96
	0.71
	1.02
	1.03
	1.31
	1.50

	Cheleka
	96.78
	96.78
	1.78
	1.25
	0.86
	0.82
	1.00
	1.00

	Chere
	48.00
	40.00
	2.01
	1.25
	0.57
	0.45
	1.20
	1.38

	Chifra
	21.80
	42.75
	1.46
	0.72
	0.77
	0.62
	0.51
	1.28

	Chole Beyem
	14.20
	46.19
	1.50
	1.08
	0.88
	0.84
	0.31
	1.04

	Debeso 2ffa
	34.50
	34.50
	1.51
	1.24
	0.96
	0.96
	0.95
	1.00

	Dereba
	17.94
	24.00
	3.96
	2.18
	0.50
	0.35
	0.75
	1.00

	Dire Kiltu
	40.73
	28.00
	1.55
	1.50
	0.57
	0.57
	1.45
	1.91

	Dorso
	58.35
	98.90
	2.27
	1.84
	1.48
	1.66
	0.59
	0.84

	Durufli
	111.43
	86.67
	1.02
	0.75
	1.39
	1.61
	1.29
	1.80

	Ejersa
	30.42
	39.46
	0.85
	0.63
	1.40
	1.63
	0.77
	1.85

	Erba
	164.95
	164.95
	3.46
	2.32
	1.33
	1.58
	0.68
	1.00

	Geray-2
	21.68
	79.13
	0.95
	0.56
	1.12
	1.23
	0.78
	6.00

	Gibe Kechema
	15.47
	39.34
	0.52
	0.49
	1.54
	1.60
	0.44
	0.58

	Gonga
	7.81
	30.00
	0.52
	0.46
	1.68
	1.87
	0.26
	0.40

	Gorsha
	27.64
	57.58
	2.48
	1.08
	0.42
	0.24
	0.48
	0.80

	Gulo
	9.66
	53.74
	1.16
	1.14
	0.79
	0.79
	0.82
	1.00

	Haji Fajja
	113.00
	146.75
	6.05
	5.82
	0.55
	0.54
	0.77
	1.00

	Harawa-1
	181.74
	231.07
	17.45
	10.59
	0.50
	0.38
	0.79
	1.00

	Hargity
	52.48
	121.10
	2.35
	2.14
	1.42
	1.48
	0.43
	1.18

	Jorika
	19.30
	48.25
	0.61
	0.51
	1.60
	1.80
	0.40
	5.00

	Kenji
	43.97
	175.88
	1.44
	0.98
	0.52
	0.42
	0.25
	6.00

	Kerfe
	88.46
	53.08
	4.44
	3.95
	1.88
	2.12
	1.67
	1.67

	Keskash
	68.42
	62.04
	2.18
	1.42
	1.09
	1.14
	1.10
	1.82

	Ketar Genet
	70.53
	50.00
	1.09
	0.81
	1.21
	1.30
	0.95
	1.41

	Kishe
	17.85
	28.15
	1.30
	0.63
	0.72
	0.55
	0.69
	1.03

	Lega Holeta
	13.29
	29.00
	2.94
	1.16
	0.88
	0.74
	0.46
	5.50

	Lower Areb
	82.01
	95.43
	1.13
	0.89
	1.37
	1.52
	0.98
	5.25

	Lugo
	100.80
	168.00
	5.37
	5.33
	0.53
	0.53
	0.60
	1.00

	Mada Talila
	65.05
	117.54
	2.12
	1.85
	1.31
	1.37
	0.55
	1.00

	Melka Oba
	26.61
	34.00
	1.30
	1.20
	0.51
	0.49
	0.78
	0.78

	Mengelle 39
	52.36
	78.54
	1.30
	1.29
	1.16
	1.16
	0.84
	2.10

	Mentawuha
	33.34
	74.10
	8.49
	7.46
	0.21
	0.18
	0.45
	0.68

	Meteray
	34.30
	82.14
	5.98
	5.24
	0.39
	0.36
	0.42
	1.12

	Middle Sonka
	5.60
	18.00
	0.22
	0.20
	1.64
	1.74
	0.34
	1.36

	Midhagdu
	98.04
	128.15
	4.10
	2.11
	1.32
	1.90
	0.77
	1.14

	Mojo Tiqa
	43.06
	37.86
	1.06
	0.65
	0.92
	0.88
	1.14
	1.90

	Nanasha Gumguma
	45.71
	40.00
	1.64
	1.14
	0.79
	0.72
	1.14
	1.20

	Oppi
	30.46
	48.34
	0.63
	0.56
	1.63
	1.78
	0.63
	1.26

	Otora
	41.68
	55.62
	0.39
	0.31
	3.64
	13.02
	0.75
	1.10

	Qadalle
	49.57
	115.61
	4.03
	3.49
	0.80
	0.78
	0.43
	1.00

	Regede
	28.03
	43.74
	1.13
	0.58
	1.26
	1.67
	0.64
	0.73

	Shapa
	38.91
	40.26
	0.87
	0.75
	1.19
	1.23
	0.97
	1.15

	Shaya
	30.00
	30.00
	0.73
	0.55
	1.12
	1.16
	1.00
	1.00

	Silga
	19.00
	140.01
	1.61
	1.41
	1.84
	2.09
	0.14
	1.00

	Sublele
	
	24.76
	0.57
	0.46
	0.61
	0.55
	0.79
	0.98

	Swak
	20.34
	20.34
	0.83
	0.75
	1.91
	2.12
	1.00
	1.10

	Tamsa
	12.99
	76.14
	2.25
	1.51
	1.10
	1.15
	0.25
	0.42

	Ujummo
	108.70
	126.63
	1.88
	1.72
	2.24
	2.53
	0.87
	1.01

	Walmal Guda
	133.36
	148.40
	3.31
	2.12
	1.23
	1.42
	0.91
	1.27

	Walmal Tika
	9.11
	32.00
	0.80
	0.46
	1.13
	1.24
	0.54
	1.30

	Wedessa
	89.78
	93.41
	1.62
	1.14
	1.08
	1.12
	1.24
	1.49

	Weira
	84.17
	52.94
	1.35
	1.17
	0.91
	0.90
	1.62
	1.94

	Wesarbi
	19.52
	41.00
	5.68
	2.32
	0.48
	0.27
	0.48
	6.00

	Woito
	293.15
	96.18
	3.45
	2.20
	0.94
	0.91
	3.05
	4.64

	Wonji Kuriftu
	27.33
	41.00
	0.59
	0.57
	1.28
	1.29
	0.67
	0.89

	Zaba Bezo
	102.12
	102.63
	1.84
	1.43
	1.79
	2.31
	1.21
	1.63

	Zemeskel
	70.00
	35.00
	1.60
	1.23
	0.49
	0.42
	2.00
	1.00




[bookmark: _Toc234311739]Appendix 6. Productivity of seasonal crops grown in more than 10 CMIS.  
a) Cabbage
	Scheme
	OPCIA (Qtl/ha)
	OPID (kg/m3)
	OPWC (kg/m3)

	Bule Koloba
	150.00
	2.69
	2.49

	Cheleka
	56.00
	1.03
	0.73

	Dorso
	360.00
	8.27
	6.71

	Golina
	20.00
	0.26
	0.23

	Harawa-1
	130.00
	9.82
	5.96

	Hargity
	260.00
	5.04
	4.59

	Lower Areb
	110.00
	1.31
	1.02

	Lugo
	160.00
	5.12
	5.07

	Midhagdu
	138.00
	4.41
	2.28

	Shapa
	115.00
	2.48
	2.14

	Silga
	256.84
	2.95
	2.58

	Tamsa
	350.00
	10.36
	6.92

	Ujummo
	480.00
	7.11
	6.52

	Wedessa
	110.00
	1.90
	1.35

	Statistics
	 
	 
	

	Min
	20.00
	0.26
	0.23

	Q1
	111.25
	2.05
	1.54

	Mean
	192.56
	4.48
	3.47

	Median
	144.00
	3.68
	2.53

	Q3
	259.21
	6.61
	5.74

	Max
	480.00
	10.36
	6.92

	Stdev
	130.67
	3.29
	2.40

	CV
	67.9
	73.5
	69.3





b) Maize
	Scheme
	OPCIA (Qtl/ha)
	OPID (kg/m3)
	OPWC (kg/m3)
	OPWCnet (kg/m3)

	Bilate
	42.00
	1.17
	0.98
	2.27

	Billa
	40.00
	0.38
	0.26
	0.62

	Bonga
	18.00
	0.16
	0.16
	0.52

	Bule Koloba
	36.00
	0.65
	0.60
	2.81

	Cheleka
	36.00
	0.66
	0.47
	0.86

	Chifra
	40.00
	1.37
	0.67
	1.07

	Dorso
	70.00
	1.61
	1.31
	2.87

	Erba
	28.00
	0.59
	0.39
	0.72

	Geray-2
	43.00
	0.51
	0.31
	0.56

	Golina
	4.00
	0.05
	0.05
	0.09

	Gulo
	45.00
	0.97
	0.95
	4.04

	Haji Fajja
	25.00
	1.03
	0.99
	2.19

	Kishe
	45.00
	2.08
	1.00
	1.60

	Midhagdu
	31.00
	0.99
	0.51
	0.85

	Otora
	54.00
	0.38
	0.30
	0.55

	Regede
	45.00
	1.16
	0.60
	1.07

	Shapa
	40.00
	0.86
	0.74
	1.40

	Walmal Guda
	28.00
	0.62
	0.40
	0.58

	Walmal Tika
	32.00
	0.80
	0.46
	0.67

	Weira
	42.00
	1.07
	0.93
	1.66

	Woito
	60.00
	2.15
	1.37
	2.51

	Zaba Bezo
	60.00
	1.08
	0.84
	2.01

	Statistics
	 
	 
	 
	 

	Min
	4.00
	0.05
	0.05
	0.09

	Q1
	31.25
	0.60
	0.40
	0.63

	Mean
	39.27
	0.93
	0.65
	1.43

	Median
	40.00
	0.92
	0.60
	1.07

	Q3
	45.00
	1.14
	0.95
	2.14

	Max
	70.00
	2.15
	1.37
	4.04

	Stdev
	14.55
	0.54
	0.36
	1.01

	CV
	37.1
	58.5
	55.5
	70.1




c) Onion
	Scheme
	OPCIA (Qtl/ha)
	OPID (kg/m3)
	OPWC (kg/m3)
	OPWCnet (kg/m3)

	Ayehu
	165.00
	4.74
	3.35
	5.54

	Bilate
	105.00
	2.92
	2.46
	5.69

	Bonga
	98.00
	0.88
	0.88
	2.81

	Burabure
	150.00
	3.48
	3.03
	7.35

	Chala
	105.00
	2.44
	1.82
	3.31

	Cheleka
	98.00
	1.80
	1.27
	2.35

	Chifra
	180.00
	6.16
	3.01
	4.81

	Dorso
	180.00
	4.14
	3.36
	7.38

	Ejersa
	40.00
	0.86
	0.64
	1.62

	Erba
	175.00
	3.67
	2.46
	4.49

	Geray-2
	112.00
	1.34
	0.80
	1.46

	Golina
	250.00
	3.29
	2.94
	5.65

	Gulo
	180.00
	3.87
	3.81
	16.18

	Haji Fajja
	200.00
	8.25
	7.93
	17.50

	Harawa-1
	170.00
	12.84
	7.79
	13.19

	Hargity
	180.00
	3.49
	3.18
	7.66

	Jorika
	120.00
	1.52
	1.28
	4.31

	Kenji
	120.00
	0.98
	0.67
	1.57

	Kerfe
	130.00
	10.88
	9.67
	17.08

	Keskash
	220.00
	7.72
	5.04
	9.00

	Lower Areb
	118.00
	1.40
	1.10
	3.12

	Lugo
	180.00
	5.76
	5.71
	12.82

	Mada Talila
	200.00
	3.60
	3.15
	6.56

	Meteray
	120.00
	8.74
	7.66
	29.73

	Midhagdu
	132.00
	4.22
	2.18
	3.61

	Mojo Tiqa
	150.00
	4.22
	2.57
	4.97

	Oppi
	120.00
	1.57
	1.39
	7.66

	Qadalle
	150.00
	5.23
	4.53
	15.03

	Regede
	135.00
	3.49
	1.80
	3.22

	Weira
	105.00
	2.68
	2.32
	4.16

	Woito
	250.00
	8.96
	5.71
	10.45

	Zaba Bezo
	180.00
	3.23
	2.52
	6.02

	Statistics
	 
	 
	 
	 

	Min
	40.00
	0.86
	0.64
	1.46

	Q1
	119.50
	2.28
	1.70
	3.53

	Mean
	150.56
	4.32
	3.31
	7.70

	Median
	150.00
	3.55
	2.76
	5.67

	Q3
	180.00
	5.36
	3.99
	9.36

	Max
	250.00
	12.84
	9.67
	29.73

	Stdev
	46.5
	3.0
	2.3
	6.1

	CV
	31
	69
	71
	80





d) Pepper
	Scheme
	OPCIA (Qtl/ha)
	OPID (kg/m3)
	OPWC (kg/m3)
	OPWCnet (kg/m3)

	Anderem
	1.91
	20.00
	0.74
	0.63

	Ayehu
	9.64
	80.00
	2.30
	1.62

	Bilate
	0.34
	20.00
	0.56
	0.47

	Burabure
	8.82
	150.00
	3.48
	3.03

	Cheleka
	23.45
	134.00
	2.46
	1.74

	Dorso
	1.75
	116.70
	2.68
	2.18

	Erba
	30.00
	200.00
	4.20
	2.82

	Geray-2
	0.01
	18.00
	0.22
	0.13

	Golina
	12.78
	187.60
	2.47
	2.20

	Gulo
	0.75
	12.00
	0.26
	0.25

	Kenji
	1.02
	17.00
	0.14
	0.09

	Kishe
	1.71
	19.50
	0.90
	0.44

	Lower Areb
	6.67
	160.00
	1.90
	1.49

	Mengelle 39
	0.09
	7.00
	0.12
	0.12

	Meteray
	4.94
	64.00
	4.66
	4.09

	Oppi
	1.53
	17.00
	0.22
	0.20

	Otora
	2.39
	110.00
	0.78
	0.61

	Silga
	0.66
	10.20
	0.12
	0.10

	Tamsa
	0.04
	19.50
	0.58
	0.39

	Ujummo
	0.14
	7.80
	0.12
	0.11

	Walmal Guda
	14.50
	98.00
	2.18
	1.40

	Weira
	0.13
	20.00
	0.51
	0.44

	Statistics
	 
	 
	 
	 

	Min
	0.01
	7.00
	0.12
	0.09

	Q1
	0.42
	17.25
	0.23
	0.21

	Mean
	5.60
	67.65
	1.44
	1.12

	Median
	1.73
	20.00
	0.76
	0.54

	Q3
	8.28
	115.03
	2.42
	1.71

	Max
	30.00
	200.00
	4.66
	4.09

	Stdev
	8.14
	65.32
	1.42
	1.15

	CV
	145.3
	96.6
	98.8
	102.7




e) Potato
	Scheme
	OPCIA (Qtl/ha)
	OPID (kg/m3)
	OPWC (kg/m3)
	OPWCnet (kg/m3)

	Atimena
	135.30
	1.96
	1.72
	3.29

	Ayehu
	133.90
	3.84
	2.72
	4.50

	Bete Chole
	70.00
	1.94
	1.56
	3.63

	Chala
	106.00
	2.46
	1.84
	3.34

	Ejersa
	80.00
	1.71
	1.28
	3.25

	Geray-2
	98.00
	1.17
	0.70
	1.28

	Gorsha
	130.00
	5.60
	2.44
	3.61

	Harawa-1
	260.00
	19.64
	11.92
	20.17

	Lower Areb
	180.00
	2.14
	1.68
	4.76

	Mentawuha
	160.00
	18.34
	16.11
	62.11

	Meteray
	120.00
	8.74
	7.66
	29.73

	Midhagdu
	240.00
	7.67
	3.96
	6.56

	Ujummo
	238.00
	3.53
	3.23
	9.99

	Wedessa
	125.00
	2.16
	1.53
	3.24

	Statistics
	 
	 
	 
	 

	Min
	70.00
	1.17
	0.70
	1.28

	Q1
	109.50
	2.01
	1.59
	3.30

	Mean
	148.30
	5.78
	4.17
	11.39

	Median
	131.95
	2.99
	2.14
	4.07

	Q3
	175.00
	7.15
	3.78
	9.13

	Max
	260.00
	19.64
	16.11
	62.11

	Stdev
	60.28
	6.05
	4.58
	16.61

	CV
	40.6
	104.6
	109.9
	145.9





f) Tomato
	Scheme
	OPCIA (Qtl/ha)
	OPID (kg/m3)
	OPWC (kg/m3)
	OPWCnet (kg/m3)

	Anderem
	120.00
	4.43
	3.78
	11.57

	Bilate
	120.00
	3.33
	2.81
	6.50

	Bule Koloba
	200.00
	3.59
	3.31
	15.63

	Burabure
	113.50
	2.63
	2.29
	5.56

	Chala
	120.00
	2.79
	2.08
	3.78

	Cheleka
	140.00
	2.57
	1.82
	3.35

	Chole Beyem
	79.00
	2.57
	1.85
	3.79

	Durufli
	200.00
	2.34
	1.73
	5.06

	Erba
	250.00
	5.25
	3.52
	6.41

	Geray-2
	143.00
	1.71
	1.02
	1.87

	Golina
	175.00
	2.30
	2.06
	3.96

	Gulo
	84.00
	1.81
	1.78
	7.55

	Haji Fajja
	150.00
	6.19
	5.95
	13.12

	Harawa-1
	165.00
	12.46
	7.56
	12.80

	Hargity
	230.00
	4.46
	4.06
	9.78

	Jorika
	250.00
	3.16
	2.66
	8.99

	Kenji
	250.00
	2.04
	1.39
	3.27

	Lower Areb
	290.00
	3.44
	2.70
	7.67

	Lugo
	160.00
	5.12
	5.07
	11.39

	Mada Talila
	150.00
	2.70
	2.36
	4.92

	Mengelle 39
	80.00
	1.33
	1.32
	4.96

	Midhagdu
	128.00
	4.09
	2.11
	3.50

	Oppi
	250.00
	3.27
	2.89
	15.96

	Qadalle
	184.00
	6.41
	5.56
	18.43

	Tamsa
	280.00
	8.29
	5.54
	11.35

	Ujummo
	221.00
	3.27
	3.00
	9.27

	Walmal Guda
	230.00
	5.13
	3.29
	4.80

	Wedessa
	120.00
	2.08
	1.47
	3.11

	Weira
	120.00
	3.07
	2.65
	4.75

	Woito
	250.00
	8.96
	5.71
	10.45

	Zaba Bezo
	210.00
	3.77
	2.93
	7.02

	Statistics
	 
	 
	 
	 

	Min
	79.00
	1.33
	1.02
	1.87

	Q1
	120.00
	2.57
	1.95
	4.35

	Mean
	176.21
	4.02
	3.10
	7.76

	Median
	165.00
	3.27
	2.70
	6.50

	Q3
	230.00
	4.79
	3.65
	10.90

	Max
	290.00
	12.46
	7.56
	18.43

	Stdev
	61.78
	2.40
	1.61
	4.33

	CV
	35.1
	59.7
	51.7
	55.8




g) Wheat 
	Scheme
	OPCIA (Qtl/ha)
	OPID (kg/m3)
	OPWC (kg/m3)
	OPWCnet (kg/m3)

	Ababa
	16.00
	0.32
	0.29
	1.11

	Abayi
	42.00
	4.82
	4.04
	10.47

	Amibuha
	37.23
	2.19
	1.86
	5.66

	Amid
	38.00
	0.64
	0.61
	2.03

	Anderem
	38.00
	1.40
	1.20
	3.66

	Ayehu
	60.00
	1.72
	1.22
	2.02

	Bete Chole
	35.00
	0.97
	0.78
	1.82

	Bilate
	28.00
	0.78
	0.66
	1.52

	Bule Koloba
	42.30
	0.76
	0.70
	3.31

	Burabure
	32.00
	0.74
	0.65
	1.57

	Chacha
	32.00
	0.63
	0.51
	1.88

	Chala
	32.00
	0.74
	0.55
	1.01

	Cheleka
	31.00
	0.57
	0.40
	0.74

	Chere
	40.00
	2.01
	1.25
	2.59

	Chole Beyem
	45.00
	1.46
	1.05
	2.16

	Debeso 2ffa
	34.50
	1.51
	1.24
	4.34

	Dereba
	24.00
	3.96
	2.18
	4.18

	Dire Kiltu
	28.00
	1.55
	1.50
	6.46

	Dorso
	40.00
	0.92
	0.75
	1.64

	Ejersa
	30.00
	0.64
	0.48
	1.22

	Geray-2
	27.50
	0.33
	0.20
	0.36

	Gibe Kechema
	40.00
	0.53
	0.50
	2.96

	Godino
	40.00
	0.89
	0.72
	1.19

	Gonga
	30.00
	0.52
	0.46
	1.02

	Gorsha
	51.00
	2.20
	0.96
	1.42

	Hargity
	33.00
	0.64
	0.58
	1.40

	Jorika
	35.00
	0.44
	0.37
	1.26

	Kerfe
	30.00
	2.51
	2.23
	3.94

	Keskash
	57.00
	2.00
	1.31
	2.33

	Ketar Genet
	50.00
	1.09
	0.81
	1.93

	Kishe
	28.60
	1.32
	0.64
	1.02

	Lega Holeta
	29.00
	2.94
	1.16
	1.63

	Lower Areb
	30.98
	0.37
	0.29
	0.82

	Melka Oba
	34.00
	1.30
	1.20
	3.79

	Mentawuha
	28.00
	3.21
	2.82
	10.87

	Meteray
	30.00
	2.18
	1.92
	7.43

	Middle Sonka
	18.00
	0.22
	0.20
	0.46

	Mojo Tiqa
	35.00
	0.98
	0.60
	1.16

	Nanasha Gumguma
	40.00
	1.64
	1.14
	1.88

	Oppi
	35.00
	0.46
	0.40
	2.23

	Qadalle
	42.30
	1.47
	1.28
	4.24

	Shapa
	32.00
	0.69
	0.59
	1.12

	Shaya
	30.00
	0.73
	0.55
	1.14

	Sublele
	22.00
	0.50
	0.41
	1.23

	Swak
	20.34
	0.83
	0.75
	2.26

	Tamsa
	30.00
	0.89
	0.59
	1.22

	Ujummo
	29.50
	0.44
	0.40
	1.24

	Wedessa
	32.00
	0.55
	0.39
	0.83

	Weira
	35.00
	0.89
	0.77
	1.39

	Wesarbi
	41.00
	5.68
	2.32
	3.42

	Wonji Kuriftu
	41.00
	0.59
	0.57
	2.06

	Zemeskel
	35.00
	1.60
	1.23
	3.06

	Statistics
	 
	 
	 
	 

	Min
	16.00
	0.22
	0.20
	0.36

	Q1
	30.00
	0.62
	0.51
	1.21

	Mean
	34.56
	1.33
	0.97
	2.53

	Median
	33.50
	0.89
	0.71
	1.85

	Q3
	40.00
	1.61
	1.22
	3.12

	Max
	60.00
	5.68
	4.04
	10.87

	Stdev
	8.58
	1.13
	0.73
	2.22

	CV
	24.8
	84.9
	75.5
	87.5





[bookmark: _Toc234311740]Appendix 7. External Indicators of the selected HMIS
	Household Managed Schemes
	OPClA
	OPID
	OPWC
	RWS
	RIS

	HH-1
	150
	4.340
	3.551
	0.959
	0.952

	HH-2
	157
	5.169
	5.451
	1.449
	1.738

	HH-3
	85
	2.796
	2.560
	1.167
	1.223

	HH-4
	280
	6.074
	4.799
	1.016
	1.021

	HH-5
	130
	1.368
	2.584
	2.298
	3.193

	HH-6
	100
	1.965
	2.732
	1.617
	1.799

	HH-7
	200
	5.899
	3.137
	0.924
	0.875

	HH-8
	280
	3.704
	5.728
	1.550
	1.551

	HH-9
	215
	7.772
	5.089
	1.007
	1.011

	HH-10
	30
	0.896
	0.709
	0.971
	0.965

	HH-11
	180
	7.246
	4.283
	1.214
	1.569

	HH-12
	216
	8.044
	6.544
	0.897
	0.887

	HH-13
	30
	0.840
	0.635
	1.013
	1.017

	HH-14
	118
	1.576
	1.897
	1.258
	1.273

	HH-15
	70
	1.263
	1.142
	1.041
	1.047

	HH-16
	120
	1.808
	1.973
	1.095
	1.095

	HH-17
	144
	1.786
	2.863
	1.740
	1.858

	HH-18
	200
	11.086
	4.107
	1.189
	2.036

	HH-19
	35
	1.080
	0.821
	1.046
	1.065

	HH-20
	160
	1.102
	2.053
	2.037
	2.258

	HH-21
	200
	1.822
	4.376
	2.477
	2.597

	HH-22
	115
	2.130
	2.057
	1.140
	1.170

	HH-23
	160
	5.556
	4.355
	0.784
	0.784

	HH-24
	145
	1.259
	2.562
	2.048
	2.057

	HH-25
	192
	6.926
	4.388
	1.085
	1.156

	HH-26
	16
	1.438
	0.928
	0.817
	0.779

	HH-27
	40
	0.868
	0.758
	1.068
	1.084

	HH-28
	225
	4.241
	5.060
	1.696
	2.402

	HH-29
	27
	0.767
	0.503
	0.899
	0.867

	HH-30
	27
	0.938
	0.592
	1.219
	1.532

	HH-31
	35
	1.336
	1.323
	1.090
	1.100

	HH-32
	148.5
	0.945
	6.136
	6.657
	7.744

	HH-33
	225
	4.167
	4.967
	1.193
	1.193

	HH-34
	15
	0.968
	0.603
	0.973
	0.957

	HH-35
	122.5
	2.750
	2.359
	1.045
	1.055

	HH-36
	60
	1.852
	1.576
	1.539
	2.728

	HH-37
	187.3
	6.122
	5.620
	0.953
	0.951

	HH-38
	40
	1.629
	0.929
	1.000
	1.000

	HH-39
	150
	1.722
	2.737
	1.777
	1.953

	Statistical parameters
	
	
	
	
	

	Min
	15
	0.767
	0.503
	0.784
	0.779

	Mean
	128.98
	3.160
	2.936
	1.409
	1.578

	Median
	144
	1.822
	2.584
	1.095
	1.156

	Q3
	189.67
	4.755
	4.382
	1.544
	1.828

	Max
	280
	11.086
	6.544
	6.657
	7.744

	Stdev
	76.04
	2.594
	1.832
	0.956
	1.177

	CV
	58.95
	82.067
	62.411
	67.881
	74.607



[bookmark: _Toc234311741]Appendix 8: Irrigated Area and Yield of CMIS
	No
	Scheme Name
	Crop
	Actual irrigated Area(ha)
	Yield (Kuntal/ha)
	Price (Birr/kg)

	1
	Ababa
	Wheat
	42
	16
	42

	2
	Abayi
	Wheat
	40
	42
	45

	3
	Amibuha
	Wheat
	45
	37.23
	50

	4
	Amid
	Wheat
	96
	38
	70

	5
	Anderem
	Coffee
	0.25
	6.5
	350

	
	
	Hop
	0.25
	82
	60

	
	
	Kale/local cabage
	1
	250
	34.5

	
	
	Pepper
	13
	20
	100

	
	
	Sugarcane
	1.5
	250
	25

	
	
	Tomato
	5
	120
	50

	
	
	Wheat
	105
	38
	45

	6
	Atimena
	Potato
	10.5
	135.3
	12.5

	7
	Ayehu Jimiri
	Onion
	30
	165
	48

	
	
	Pepper
	16.5
	80
	75

	
	
	Potato
	40
	133.9
	25

	
	
	Wheat
	50
	60
	50

	8
	Bete Chole
	Potato
	18.5
	70
	15

	
	
	Sweet potato
	54
	45
	25

	
	
	Wheat
	57
	35
	40

	9
	Bilate
	Banana
	12
	100
	20

	
	
	Kale
	20
	130
	15

	
	
	Maize
	90
	42
	30

	
	
	Mango
	13
	78
	30

	
	
	Onion
	120
	105
	20

	
	
	Pepper
	10
	20
	200

	
	
	Tomato
	120
	120
	20

	
	
	Wheat
	180
	28
	40

	10
	Billa
	Maize
	50
	40
	45

	
	
	Orange
	335
	120
	40

	11
	Bonga
	Maize
	20
	18
	60

	
	
	Onion
	5
	98
	85

	
	
	Sorghum
	35
	15
	50

	12
	Bule koloba
	Cabbage
	66
	150
	15

	
	
	Maize
	255
	36
	80

	
	
	Tomato
	12
	200
	20

	
	
	Wheat
	132
	42.3
	60

	13
	Burabure
	Banana
	10
	200
	20

	
	
	Onion
	34
	150
	30

	
	
	Pepper
	5
	150
	70

	
	
	Tomato
	5
	113.5
	35

	
	
	Wheat
	21
	32
	45

	14
	Chacha
	Carrot
	48
	200
	30

	
	
	Garlic
	20
	72
	250

	
	
	Wheat
	10.5
	32
	40

	
	
	Barely
	5
	27
	65

	15
	Chala
	Chat
	10
	46
	30

	
	
	Onion
	2
	105
	25

	
	
	Potato
	5
	106
	20

	
	
	Sugarcane
	10
	350
	25

	
	
	Tomato
	3
	120
	25

	
	
	Wheat
	75
	32
	40

	16
	Chere
	Wheat
	180
	40
	55

	17
	Cheleka
	Cabbage
	5
	56
	26

	
	
	Maize
	10
	36
	40

	
	
	Onion
	30
	98
	45

	
	
	Pepper
	14
	134
	45

	
	
	Tomato
	15
	140
	30

	
	
	Wheat
	6
	31
	35

	18
	Chifra
	Maize
	100
	40
	35

	
	
	Onion
	2
	180
	40

	19
	Cole Boyam
	Banana
	2.46
	171.99
	30

	
	
	Tomato
	5.4
	79
	35

	
	
	Wheat
	148.3
	45
	60

	20
	Debesso
	Wheat
	21
	34.5
	65

	21
	Dereba
	Wheat
	80
	24
	45

	22
	Dire kiltu
	Wheat
	1600
	28
	50

	23
	Doroso
	Cabbage
	5
	360
	7.5

	
	
	Maize
	47
	70
	40

	
	
	Onion
	2.5
	180
	35

	
	
	Pepper
	1.5
	116.7
	40

	
	
	Wheat
	3
	40
	48

	24
	Durufuli
	Cotton
	60
	30
	30

	
	
	Tomato
	30
	200
	32

	25
	Ejersa
	Onion
	10
	40
	15

	
	
	Potato
	12
	80
	10

	
	
	Wheat
	52
	30
	40

	26
	Erba
	Maize
	85.2
	28
	30

	
	
	Onion
	10.65
	175
	30

	
	
	Pepper
	31.95
	200
	15

	
	
	Sweet potato
	31.95
	350
	7

	
	
	Tomato
	53.25
	250
	20

	27
	Geray II
	Avocado
	134
	190
	30

	
	
	Banana
	12
	200
	25

	
	
	Chat
	0.5
	40
	165

	
	
	Coffee
	149
	8.5
	350

	
	
	Hop
	12
	90
	60

	
	
	Kale/local cabage
	15
	81
	30

	
	
	Maize
	3.5
	43
	30

	
	
	Mango
	16
	118
	45

	
	
	Onion
	60
	112
	45

	
	
	Papaya
	1
	175
	30

	
	
	Pepper
	0.25
	18
	100

	
	
	Potato
	22
	98
	20

	
	
	Sugarcane
	33
	250
	20

	
	
	Tomato
	21
	143
	30

	
	
	Wheat
	70
	27.5
	45

	28
	Gibe Kechema
	Banana
	4
	284
	30

	
	
	Common bean
	2
	29
	35

	
	
	Soyabean
	2.15
	26
	60

	
	
	Wheat
	74.5
	40
	35

	29
	Goderei
	Watermelon
	15
	180
	6

	30
	Godino
	Wheat
	300
	40
	40

	31
	Golina
	Cabbage
	20
	20
	30

	
	
	Maize
	50
	4
	45

	
	
	Onion
	55
	250
	50

	
	
	Onion for seed
	1.44
	25
	20000

	
	
	Pepper
	20.5
	187.6
	50

	
	
	Tomato
	35
	175
	56

	
	
	Watermelon
	25
	18
	29

	
	
	Teff
	65
	12
	130

	32
	Gonga
	Wheat
	25
	30
	35

	33
	Gorsh
	Potato
	1
	130
	25

	
	
	Wheat
	11
	51
	45

	34
	Gulo
	Maize
	17.38
	45
	35

	
	
	Mung bean
	2.45
	10
	80

	
	
	Onion
	6.24
	180
	12

	
	
	Pepper 
	16.71
	12
	150

	
	
	Tomato
	5.57
	84
	15

	35
	Haja faja
	Maize
	12
	25
	30

	
	
	Onion
	25
	200
	35

	
	
	Tomato
	40
	150
	20

	36
	Harawa
	Cabbage
	5
	130
	8

	
	
	Onion
	10
	170
	21

	
	
	Potato
	50
	260
	15

	
	
	Tomato
	5
	165
	20

	37
	Hargity
	Cabbage
	6.5
	260
	35

	
	
	Onion
	16.25
	180
	40

	
	
	Sorghum
	19.5
	30
	30

	
	
	Tomato
	9.75
	230
	45

	
	
	Wheat
	13
	33
	40

	38
	Jorika
	Onion
	1.6
	120
	65

	
	
	Tomato
	0.6
	250
	60

	
	
	Wheat
	17.8
	35
	45

	39
	Karfe
	Onion
	15
	130
	45

	
	
	Wheat
	50
	30
	45

	40
	Kenji
	Onion
	1.4
	120
	65

	
	
	Pepper
	2.4
	17
	250

	
	
	Tomato
	6.2
	250
	60

	41
	Keskash
	Garlic
	12.375
	80
	220

	
	
	Onion
	5
	220
	35

	
	
	Wheat
	201
	57
	60

	42
	Keter genet
	Wheat
	608
	50
	50

	43
	Kishe
	Banana
	2
	75
	30

	
	
	Beetroot
	5.27
	19
	70

	
	
	Coffee
	1.59
	11
	220

	
	
	Maize
	4.33
	45
	35

	
	
	Pepper
	3.5
	19.5
	200

	
	
	Wheat
	12.27
	28.6
	60

	44
	Lege Holeta
	Wheat
	55
	29
	47.5

	45
	Lower Areb
	Banana
	1
	130
	30

	
	
	Cabbage
	5
	110
	25

	
	
	Onion
	3.25
	118
	35

	
	
	Pepper
	2
	160
	20

	
	
	Potato
	2
	180
	15

	
	
	Sugarcane
	5
	400
	30

	
	
	Tomato
	5.5
	290
	20

	
	
	Wheat
	23.5
	30.98
	55

	46
	Lugo 
	Cabbage
	8
	160
	12

	
	
	Onion
	12
	180
	25

	
	
	Tomato
	10
	160
	20

	47
	Mada Talila
	Onion
	15
	200
	35

	
	
	Tomato
	22
	150
	20

	
	
	Broccoli
	20
	20
	50

	48
	Melka Oba
	Wheat
	90
	34
	40

	49
	Mengelle 39
	Chat
	13
	18
	650

	
	
	Pepper
	1
	7
	50

	
	
	Tomato
	49
	80
	45

	50
	Mentawuha
	Potato
	5.5
	160
	15

	
	
	Wheat
	10.25
	28
	55

	51
	Metaray
	Onion
	4.5
	120
	35

	
	
	Pepper
	7.25
	64
	20

	
	
	Potato
	15.5
	120
	15

	
	
	Wheat
	12
	30
	55

	52
	Middle Sonka
	Sugarcane
	5
	264
	33

	
	
	Wheat
	56
	18
	60

	53
	Midhegdu
	Cabbage
	28
	138
	25

	
	
	Maize
	70
	31
	40

	
	
	Onion
	70
	132
	45

	
	
	Potato
	56
	240
	40

	
	
	Tomato
	56
	128
	35

	54
	Mojo Tiqa
	Garlic
	0.25
	65
	100

	
	
	Onion
	0.5
	150
	30

	
	
	Wheat
	22
	35
	38

	55
	Nanasha
	Wheat
	120
	40
	55

	56
	Opi
	Onion
	1.6
	120
	65

	
	
	Pepper
	3.6
	17
	250

	
	
	Swisschard
	1.6
	120
	100

	
	
	Tomato
	0.6
	250
	60

	
	
	Wheat
	17.8
	35
	45

	57
	Otora
	Maize
	50.2
	54
	30

	
	
	Pepper
	1.5
	110
	75

	58
	Qadalle
	Onion
	77
	150
	40

	
	
	Tomato
	91
	184
	35

	
	
	Wheat
	121
	42.3
	45

	59
	Reged
	Maize
	10
	45
	35

	
	
	Onion
	2.5
	135
	35

	
	
	Sorghum
	64.4
	40
	25

	60
	Shapa
	Cabbage
	10
	115
	35

	
	
	Maize
	15
	40
	38

	
	
	Wheat
	90
	32
	45

	61
	Shaya
	Wheat
	50
	30
	55

	62
	Silga
	Banana
	0.25
	320.5
	35

	
	
	Cabbage
	2.5
	256.84
	30

	
	
	Pepper
	2.25
	10.2
	55

	63
	Sublele
	Cotton
	450
	25
	30

	
	
	Wheat
	40
	22
	50

	64
	Swak
	Wheat
	75
	20.34
	75

	65
	Tamsa
	Cabbage
	0.76
	350
	45

	
	
	Carrot
	0.61
	30
	50

	
	
	Chat
	5.11
	10
	600

	
	
	Onion
	0.5
	 
	 

	
	
	Pepper
	0.15
	19.5
	40

	
	
	Tomato
	1.36
	280
	40

	
	
	Watermelon
	0.45
	170
	150

	
	
	Wheat
	8.9
	30
	65

	66
	Ujummo
	Cabbage
	2.25
	480
	11.2

	
	
	Pepper
	0.75
	7.8
	200

	
	
	Potato
	11.3
	238
	18

	
	
	Tomato
	1.21
	221
	23

	
	
	Wheat
	21.4
	29.5
	45

	67
	Walmal Guda
	Banana
	36.5
	100
	25

	
	
	Maize
	146
	28
	30

	
	
	Pepper
	54
	98
	20

	
	
	Sweet potato
	73
	365
	7

	
	
	Tomato
	55
	230
	20

	68
	Walmal Tika
	Banana
	115
	250
	25

	
	
	Maize
	185
	32
	30

	
	
	Sugarcane
	50
	450
	25

	69
	Wedessa
	Cabbage
	16
	110
	40

	
	
	Chat
	100
	4.5
	600

	
	
	Potato
	80
	125
	25

	
	
	Sugarcane
	100
	375
	25

	
	
	Tomato
	22
	120
	25

	
	
	Wheat
	55
	32
	40

	70
	Weira
	Banana
	6
	100
	20

	
	
	Kale
	5
	130
	15

	
	
	Maize
	50
	42
	30

	
	
	Mango
	3
	78
	30

	
	
	Onion
	38
	105
	20

	
	
	Pepper
	2
	20
	200

	
	
	Tomato
	60
	120
	20

	
	
	Wheat
	322
	35
	40

	71
	Wesebri
	Wheat
	300
	41
	45

	72
	Weyto
	Banana
	2.5
	250
	40

	
	
	Maize
	1675
	60
	36

	
	
	Onion
	395
	250
	45

	
	
	Tomato
	86.5
	250
	45

	
	
	Seasame
	160
	12
	75

	73
	Wonji kuriftu
	Wheat
	40
	41
	45

	74
	Zaba zebo
	Banana
	43
	200
	30

	
	
	Maize
	121
	60
	36

	
	
	Onion
	12
	180
	40

	
	
	Tomato
	52
	210
	40

	
	
	Seasame
	16
	18
	75

	75
	Zemeskel
	Wheat
	20
	35
	38




[bookmark: _Toc234311742]Appendix 9. Salient Features of the selected HHIS
	S.N.
	Woreda
	Basin
	Zone
	Region
	Water source
	Method of water abstraction
	Lat. (°N)
	Long. (°E)
	Elevation (m)
	Current irrigated area (ha)
	HH scheme name
	Crop
	Actual irrigated area (ha)
	Yield (Kuntal/ha)
	Price (Birr/kg)

	1
	Abaya
	Rift Valley
	West Guji
	Oromia
	River
	Pump
	6.41
	38.14
	1191
	2.5
	HH-1
	Cabbage
	2.5
	150
	20

	2
	Abramo
	Abay
	Assosa
	Benishangule
	River
	Gravity
	9.98
	34.6
	1434
	0.3
	HH-2
	Wheat
	0.2
	28
	70

	
	
	
	
	
	
	
	
	
	
	
	
	Cabbage
	0.1
	272
	35

	
	
	
	
	
	
	
	
	
	
	
	
	Banana
	0
	300
	30

	3
	Aneded
	Abay
	East Gojjam
	Amhara
	River
	Pump
	10.28
	37.83
	2312
	0.2
	HH-3
	Potato
	0.2
	85
	22

	4
	Angolelana Tera
	Abay
	North Shewa
	Amhara
	River
	Pump
	9.54
	39.45
	2763
	0.2
	HH-4
	Carrot
	0.2
	280
	20

	5
	ArbaMinch zuria
	Rift Valley
	Gamo
	South Ethiopia
	Ground water
	Pump
	6.16
	37.65
	1196
	0.3
	HH-5
	Tomato
	0.3
	130
	30

	6
	Awabel
	Abay
	East Gojjam
	Amhara
	River
	Pump
	10.26
	37.95
	2474
	0.2
	HH-6
	Potato
	0.2
	100
	20

	7
	Awash Fentale
	Awash
	Gabiresu (Zone 3)
	Afar
	River
	Pump
	9.15
	39.95
	812
	7
	HH-7
	Tomato
	7
	200
	32

	8
	Babile
	Wabi Shebele
	East Hararghe
	Oromia
	Ground water
	Pump
	9.16
	41.26
	1258
	1
	HH-8
	Onion
	0.5
	280
	30

	9
	Chiro
	Wabi Shebele
	West Hararghe
	Oromia
	Ground water
	Pump
	9.07
	40.95
	1782
	0.8
	HH-9
	Potato
	0.3
	265
	30

	
	
	
	
	
	
	
	
	
	
	
	
	Onion
	0.5
	185
	40

	10
	Dandi
	Awash
	West Shewa
	Oromia
	River
	Pump
	9.01
	38.14
	2205
	2
	HH-10
	Wheat
	2
	30
	40

	11
	Debub Aari
	Rift Valley
	Aari
	South Ethiopia
	River
	Pump
	5.78
	36.56
	1051
	1
	HH-11
	Tomato
	1
	180
	35

	12
	Dedo
	Omo-Gibe
	Jimma
	Oromia
	River
	Pump
	7.61
	36.83
	1710
	3.6
	HH-12
	Wheat
	0.2
	33
	38

	
	
	
	
	
	
	
	
	
	
	
	
	Potato
	3.2
	239
	30

	
	
	
	
	
	
	
	
	
	
	
	
	Soyabean
	0.2
	31
	70

	13
	Denkaka
	Awash
	East Shoa
	Oromia
	River
	Pump
	8.72
	39.05
	1875
	6
	HH-13
	Wheat
	6.8
	30
	50

	14
	Dera
	Abay
	South Gonder
	Amhara
	Ground water
	Pump
	11.64
	37.74
	1795
	0.5
	HH-14
	Onion
	0.5
	118
	35

	15
	Dodota
	Awash
	Arsi
	Oromia
	River
	Pump
	8.39
	39.31
	1542
	0.5
	HH-15
	Pepper
	0.3
	70
	40

	16
	Ejersa Lafo
	Awash
	West Shewa
	Oromia
	River
	Pump
	9
	38.27
	2131
	0.3
	HH-16
	Onion
	0.5
	120
	35

	17
	Fogera
	Abay
	South Gonder
	Amhara
	Ground water
	Pump
	11.96
	37.71
	1798
	0.5
	HH-17
	Onion
	0.5
	144
	42

	18
	Gacheni Special District
	Awash
	Gabiresu (Zone 3)
	Afar
	River
	Gravity
	9.56
	39.85
	1280
	0.5
	HH-18
	Onion
	0.5
	200
	32

	19
	Gelan sub city
	Awash
	Sheger City
	Oromia
	River
	Pump
	8.82
	38.77
	2051
	6.5
	HH-19
	Wheat
	6
	35
	50

	20
	Gode
	Wabi Shebele
	Shebelle
	Somali
	River
	Pump
	5.93
	43.52
	278
	0.5
	HH-20
	Tomato
	0.5
	160
	35

	21
	Godere
	Baro-Akobo
	Megngi
	Gambla
	River
	Gravity
	7.22
	35.1
	1232
	0.3
	HH-21
	Tomato
	0.3
	200
	30

	22
	Haramaya
	Wabi Shebele
	East Hararghe
	Oromia
	Ground water
	Pump
	9.42
	42.05
	2029
	1
	HH-22
	Onion
	0.5
	120
	45

	
	
	
	
	
	
	
	
	
	
	
	
	Cabbage
	0.5
	110
	30

	23
	Kersa
	Omo-Gibe
	Jimma
	Oromia
	River
	Pump
	7.72
	36.96
	1771
	1.5
	HH-23
	Onion
	0.5
	160
	50

	24
	Lemu Bilbilo
	Rift Valley
	Arsi
	Oromia
	River
	Pump
	7.65
	39.31
	2433
	1
	HH-24
	Onion
	0.1
	145
	50

	25
	Lode Hetosa
	Rift Valley
	Arsi
	Oromia
	River
	Pump
	8.06
	39.22
	2144
	1
	HH-25
	Tomato
	0.3
	220
	35

	
	
	
	
	
	
	
	
	
	
	
	
	Onion
	0.2
	150
	40

	26
	Lume
	Awash
	East Shewa
	Oromia
	Ground water
	Pump
	8.44
	39.02
	1602
	5
	HH-26
	Wheat
	8
	16
	50

	27
	Makisegnit
	Abay
	Central Gonder
	Amhara
	River
	Pump
	12.38
	37.52
	1921
	0.4
	HH-27
	Wheat
	5
	40
	45

	28
	Mandura
	Abay
	Metekel
	Benishangule
	River
	Pump
	11.16
	36.34
	1077
	0.1
	HH-28
	Potato
	1
	225
	19

	29
	Mojo Guda
	Awash
	North Shoa
	Oromia
	River
	Pump
	8.99
	39.18
	2361
	0.4
	HH-29
	Barley
	1
	27
	65

	30
	Moyale
	Genale Dawa
	Borana
	Oromia
	River
	Pump
	3.77
	38.79
	1260
	1.1
	HH-30
	Wheat
	0.4
	27
	50

	31
	Oda Bultum
	Wabi Shebele
	West Hararghe
	Oromia
	River
	Pump
	8.93
	40.81
	1626
	0.5
	HH-31
	Wheat
	1.2
	35
	38

	32
	Pawe
	Abay
	Metekel
	Benishangule
	River
	Pump
	11.28
	36.39
	1122
	0.5
	HH-32
	Potato
	0.1
	227
	30

	
	
	
	
	
	
	
	
	
	
	
	
	Onion
	0.1
	70
	31

	33
	Sebeta Awas
	Awash
	Southwest Shewa
	Oromia
	Ground water
	Pump
	8.85
	38.43
	2061
	0.5
	HH-33
	Potato
	0.5
	270
	20

	
	
	
	
	
	
	
	
	
	
	
	
	Cabbage
	0.5
	180
	15

	34
	Shebedino
	Rift Valley
	N/Sidama
	Sidama
	River
	Pump
	6.88
	38.44
	1882
	1
	HH-34
	Wheat
	0.5
	15
	55

	35
	Ubadebretsehay
	Omo-Gibe
	Gofa
	South Ethiopia
	River
	Gravity
	5.92
	36.76
	1043
	1.2
	HH-35
	Onion
	0.5
	125
	45

	
	
	
	
	
	
	
	
	
	
	
	
	Tomato
	0.5
	120
	30

	36
	Ura
	Abay
	Assosa
	Benishangule
	River
	Gravity
	10.15
	34.64
	1436
	0.3
	HH-36
	Maize
	1.2
	60
	36

	37
	Weira
	Rift Valley
	Halaba
	Central Ethiopia
	River
	Pump
	7.33
	38.08
	1779
	1
	HH-37
	Wheat
	0.1
	40
	50

	
	
	
	
	
	
	
	
	
	
	
	
	Tomato
	0.1
	285
	25

	
	
	
	
	
	
	
	
	
	
	
	
	Cabbage
	0.1
	237
	35

	38
	Welmera
	Awash
	West Shewa
	Oromia
	River
	Pump
	9.02
	38.51
	2224
	0.2
	HH-38
	Wheat
	0.2
	40
	45

	39
	Yeki
	Baro-Akobo
	Sheka
	Southwest Ethiopia
	River
	Gravity
	7.19
	35.35
	1245
	0.1
	HH-39
	Tomato
	0.1
	150
	30




[bookmark: _Toc234311743]Appendix 10: Irrigated area and yield of HHIS
	No
	HH Scheme Name
	Crop
	Actual irrigated Area(ha)
	Yield (Kuntal/ha)
	Price (Birr/kg)

	1
	HH-1
	Cabbage
	2.5
	150
	20

	2
	HH-2
	Wheat
	0.2
	28
	70

	
	
	Cabbage
	0.1
	272
	35

	
	
	Banana
	0.0
	300
	30

	3
	HH-3
	Potato
	0.2
	85
	22

	4
	HH-4
	Carrot
	0.2
	280
	20

	5
	HH-5
	Tomato
	0.3
	130
	30

	6
	HH-6
	Potato
	0.2
	100
	20

	7
	HH-7
	Tomato
	7.0
	200
	32

	8
	HH-8
	Onion
	0.5
	280
	30

	9
	HH-9
	Potato
	0.3
	265
	30

	
	
	Onion
	0.5
	185
	40

	10
	HH-10
	Wheat
	2.0
	30
	40

	11
	HH-11
	Tomato
	1.0
	180
	35

	12
	HH-12
	Wheat
	0.2
	33
	38

	
	
	Potato
	3.2
	239
	30

	
	
	Soyabean
	0.2
	31
	70

	13
	HH-13
	Wheat
	6.8
	30
	50

	14
	HH-14
	Onion
	0.5
	118
	35

	15
	HH-15
	Pepper
	0.3
	70
	40

	16
	HH-16
	Onion
	0.5
	120
	35

	17
	HH-17
	Onion
	0.5
	144
	42

	18
	HH-18
	Onion
	0.5
	200
	32

	19
	HH-19
	Wheat
	6.0
	35
	50

	20
	HH-20
	Tomato
	0.5
	160
	35

	21
	HH-21
	Tomato
	0.3
	200
	30

	22
	HH-22
	Onion
	0.5
	120
	45

	
	
	Cabbage
	0.5
	110
	30

	23
	HH-23
	Onion
	0.5
	160
	50

	24
	HH-24
	Onion
	0.1
	145
	50

	25
	HH-25
	Tomato
	0.3
	220
	35

	
	
	Onion
	0.2
	150
	40

	26
	HH-26
	Wheat
	8.0
	16
	50

	27
	HH-27
	Wheat
	5.0
	40
	45

	28
	HH-28
	Potato
	1.0
	225
	19

	29
	HH-29
	Barley
	1.0
	27
	65

	30
	HH-30
	Wheat
	0.4
	27
	50

	31
	HH-31
	Wheat
	1.2
	35
	38

	32
	HH-32
	Potato
	0.1
	227
	30

	
	
	Onion
	0.1
	70
	31

	33
	HH-33
	Potato
	0.5
	270
	20

	
	
	Cabbage
	0.5
	180
	15

	34
	HH-34
	Wheat
	0.5
	15
	55

	35
	HH-35
	Onion
	0.5
	125
	45

	
	
	Tomato
	0.5
	120
	30

	36
	HH-36
	Maize
	1.2
	60
	36

	37
	HH-37
	Wheat
	0.1
	40
	50

	
	
	Tomato
	0.1
	285
	25

	
	
	Cabbage
	0.1
	237
	35

	38
	HH-38
	Wheat
	0.2
	40
	45

	39
	HH-39
	Tomato
	0.1
	150
	30



[bookmark: _Toc234311744]Appendix 11. Crop water and irrigation requirments of the selected CMIS
	No
	Scheme Name
	CWR (m3)
	Effective Rainfall (m3)
	IR (m3)
	Irrigation Diverted (m3)

	1
	Ababa
	175,476
	24,922
	150,554
	208,028

	2
	Abayi
	96,840
	6,816
	90,024
	34,819

	3
	Amibuha
	77,070
	13,449
	63,621
	76,478

	4
	Amid
	312,000
	25,712
	286,288
	568,037

	5
	Anderem
	458,319
	58,906
	399,413
	341,194

	6
	Atimena
	52,595
	10,303
	42,292
	72,407

	7
	Ayehu Jimiri
	619,380
	196,780
	422,600
	475,488

	8
	Bete Chole
	575,738
	112,354
	463,384
	466,992

	9
	Bilate
	3,116,482
	378,074
	2,738,408
	2,033,280

	10
	Billa
	5,097,445
	1,869,137
	3,228,309
	4,006,195

	11
	Bonga
	357,960
	890
	357,070
	668,304

	12
	Bule koloba
	2,074,494
	214,392
	1,860,102
	2,592,000

	13
	Burabure
	417,530
	48,364
	369,166
	323,251

	14
	Chacha
	374,469
	91,857
	282,612
	427,392

	15
	Chala
	592,098
	153,360
	438,738
	452,304

	16
	Chere
	714,420
	181,080
	533,340
	435,903

	17
	Cheleka
	1,016,952
	216,301
	800,651
	358,664

	18
	Chifra
	791,880
	311,304
	480,576
	298,022

	19
	Cole Boyam
	760,675
	185,580
	575,094
	480,902

	20
	Debesso
	60,732
	10,574
	50,158
	47,951

	21
	Dereba
	176,400
	39,510
	136,890
	48,483

	22
	Dire kiltu
	5,195,200
	102,400
	5,092,800
	2,883,331

	23
	Doroso
	214,523
	59,694
	154,829
	256,769

	24
	Durufuli
	749,340
	273,564
	475,776
	768,096

	25
	Ejersa
	330,630
	118,282
	212,348
	345,384

	26
	Erba
	1,141,392
	497,483
	643,910
	1,015,200

	27
	Geray II
	6,876,719
	3,136,709
	3,740,010
	4,587,481

	28
	Gibe Kechema
	431,596
	41,879
	389,716
	622,560

	29
	Goderei
	95,310
	20,454
	74,856
	103,680

	30
	Godino
	1,706,700
	330,000
	1,376,700
	1,348,255

	31
	Golina
	1,128,147
	249,401
	878,746
	2,065,898

	32
	Gonga
	98,075
	21,690
	76,385
	143,078

	33
	Gorsh
	152,972
	35,970
	117,002
	27,864

	34
	Gulo
	287,682
	3,822
	283,860
	224,640

	35
	Haja faja
	350,616
	7,500
	343,116
	186,624

	36
	Harawa
	306,015
	60,046
	245,969
	92,690

	37
	Hargity
	259,233
	33,021
	226,212
	335,474

	38
	Jorika
	117,530
	29,924
	87,605
	158,049

	39
	Karfe
	347,480
	57,915
	289,565
	122,342

	40
	Kenji
	46,377
	9,720
	36,657
	77,670

	41
	Keskash
	874,916
	331,371
	543,545
	622,080

	42
	Keter genet
	3,122,688
	973,408
	2,149,280
	2,793,892

	43
	Kishe
	180,420
	66,947
	113,474
	62,726

	44
	Lege Holeta
	156,970
	83,160
	73,810
	54,288

	45
	Lower Areb
	370,466
	109,299
	261,167
	398,131

	46
	Lugo 
	177,172
	780
	176,392
	93,830

	47
	Mada Talila
	276,120
	45,440
	230,680
	316,742

	48
	Melka Oba
	501,210
	19,746
	481,464
	235,872

	49
	Mengelle 40
	330,639
	2,087
	328,552
	380,091

	50
	Mentawuha
	76,305
	1,906
	74,400
	13,738

	51
	Metaray
	158,230
	7,560
	150,670
	53,914

	52
	Middle Sonka
	327,369
	47,032
	280,337
	489,041

	53
	Midhegdu
	1,283,086
	821,306
	461,780
	876,225

	54
	Mojo Tiqa
	143,420
	51,711
	91,708
	80,870

	55
	Nanasha
	535,080
	127,440
	407,640
	292,951

	56
	Opi
	133,738
	25,427
	108,312
	192,820

	57
	Otora
	255,084
	198,994
	56,090
	730,080

	58
	Qadalle
	1,197,344
	127,201
	1,070,143
	829,440

	59
	Reged
	456,123
	278,152
	177,971
	297,180

	60
	Shapa
	519,790
	86,489
	433,301
	532,570

	61
	Shaya
	243,400
	66,700
	176,700
	204,915

	62
	Silga
	26,992
	6,148
	20,843
	43,554

	63
	Sublele
	4,369,000
	500,780
	3,868,220
	2,142,701

	64
	Swak
	107,050
	20,528
	86,523
	183,456

	65
	Tamsa
	82,202
	29,938
	52,264
	60,278

	66
	Ujummo
	121,098
	22,463
	98,635
	249,199

	67
	Walmal Guda
	2,067,232
	915,686
	1,151,546
	1,635,480

	68
	Walmal Tika
	2,173,995
	1,046,487
	1,127,508
	1,399,680

	69
	Wedessa
	2,808,312
	891,376
	1,916,936
	2,154,960

	70
	Weira
	2,407,984
	299,964
	2,108,020
	1,902,096

	71
	Wesebri
	1,101,300
	314,220
	787,080
	216,421

	72
	Weyto
	10,826,959
	3,687,343
	7,139,616
	6,469,632

	73
	Wonji kuriftu
	222,760
	8,776
	213,984
	276,480

	74
	Zaba zebo
	976,823
	387,974
	588,849
	1,358,208

	75
	Zemeskel
	117,180
	12,960
	104,220
	43,880
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	No
	HH Scheme Name
	CWR (m3)
	Effective Rainfall (m3)
	IR (m3)
	Irrigation Diverted (m3)

	1
	HH-1
	10560
	1482
	9078
	8640

	2
	HH-2
	1152
	454
	699
	1215

	3
	HH-3
	664
	167
	497
	608

	4
	HH-4
	1167
	264
	903
	922

	5
	HH-5
	1509
	617
	893
	2851

	6
	HH-6
	732
	166
	566
	1018

	7
	HH-7
	44632
	17501
	27131
	23731

	8
	HH-8
	2444
	7
	2437
	3780

	9
	HH-9
	3380
	1191
	2189
	2213

	10
	HH-10
	8458
	1520
	6938
	6696

	11
	HH-11
	4203
	2620
	1583
	2484

	12
	HH-12
	11882
	989
	10893
	9667

	13
	HH-13
	32103
	8208
	23895
	24300

	14
	HH-14
	3110
	168
	2942
	3744

	15
	HH-15
	1839
	251
	1588
	1663

	16
	HH-16
	3041
	12
	3029
	3318

	17
	HH-17
	2515
	345
	2170
	4032

	18
	HH-18
	2435
	1992
	443
	902

	19
	HH-19
	25572
	7314
	18258
	19440

	20
	HH-20
	3897
	682
	3215
	7258

	21
	HH-21
	1371
	103
	1268
	3293

	22
	HH-22
	5591
	977
	4614
	5398

	23
	HH-23
	1837
	 0
	1837
	1440

	24
	HH-24
	566
	7
	560
	1152

	25
	HH-25
	2188
	989
	1199
	1386

	26
	HH-26
	13789
	2370
	11420
	8899

	27
	HH-27
	26375
	5130
	21245
	23040

	28
	HH-28
	4447
	2238
	2209
	5305

	29
	HH-29
	5367
	1306
	4061
	3521

	30
	HH-30
	1823
	1071
	752
	1152

	31
	HH-31
	3175
	316
	2859
	3144

	32
	HH-32
	484
	78
	406
	3144

	33
	HH-33
	4530
	4
	4526
	5400

	34
	HH-34
	1244
	435
	810
	775

	35
	HH-35
	5193
	972
	4221
	4455

	36
	HH-36
	4568
	3144
	1425
	3888

	37
	HH-37
	1000
	35
	965
	918

	38
	HH-38
	861
	370
	491
	491

	39
	HH-39
	548
	103
	446
	871



[bookmark: _Toc234311746]Appendix 13. Major problems in selected CMIS
	Scheme name
	Illegal water abstraction from the canal
	 Lack of gates on the division boxes
	Siltation of canal
	 Bed souting of canal
	Damage of canal
	Canal Canal crack
	Weed growth in canal
	lack of maintenance
	Poor maintainance 
	Seepage
	Overflow in the main canal
	 Absence of culvert 
	No Silt trap
	No undersluice
	Night storage pond sedimentation 
	Weir damage 
	Absence of weir regulation gate 
	Siltation of canal at intake

	Ababa
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*

	Abayi
	*
	*
	*
	*
	*
	*
	*
	 
	 
	*
	 
	*
	 
	 
	 
	*
	 
	*

	Amibuha
	 
	*
	*
	 
	*
	*
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	*
	*

	Amid
	*
	 
	*
	 
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Anderem
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 

	Atimena
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 

	Ayehu
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Bete Chole
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*
	*
	 
	 
	*
	 
	 
	 
	 

	Bila
	*
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Bilate
	 
	*
	*
	 
	*
	 
	*
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 

	Bonga
	*
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Bule Koloba
	 
	 
	*
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Burabure
	 
	 
	 
	 
	 
	*
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 

	Chacha 
	 
	*
	*
	 
	*
	*
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	*

	Chala
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cheleka
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Chere
	*
	*
	*
	*
	*
	*
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Chifra
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*
	 
	 

	Chole Beyem
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 

	Debeso 2ffa 
	*
	 
	*
	 
	 
	 
	 
	 
	*
	*
	 
	*
	 
	 
	 
	*
	 
	 

	Dereba
	*
	 
	*
	 
	 
	 
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Dire Kiltu
	*
	 
	 
	 
	 
	*
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Dorso
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 

	Durufli
	*
	 
	*
	 
	*
	*
	*
	 
	 
	*
	 
	 
	 
	 
	 
	*
	 
	 

	Ejersa
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*
	*
	 
	 
	 
	 
	 
	*
	 

	Erba
	 
	 
	*
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*

	Geray II
	 
	*
	*
	 
	 
	*
	*
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 

	Gibe Kechema
	*
	*
	*
	*
	*
	*
	*
	 
	*
	 
	 
	*
	 
	 
	 
	 
	 
	*

	Goderei
	*
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Godino
	*
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	*
	 
	 
	 

	Golina
	*
	 
	*
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Gonga
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	*
	 
	 
	 
	*
	 
	*
	 

	Gorsh
	 
	 
	*
	 
	 
	 
	*
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	*

	Gulo
	*
	*
	*
	 
	 
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Haji Faja 
	 
	*
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Harawa #1 
	 
	*
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hargity
	 
	 
	 
	 
	 
	*
	 
	 
	 
	*
	 
	 
	 
	*
	 
	 
	 
	 

	Jirika
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	*
	 
	 

	Karfe
	*
	*
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Kengi
	*
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Keskash 
	 
	*
	*
	 
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*

	Ketar Genet
	 
	 
	 
	 
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Kishe
	*
	*
	*
	 
	*
	*
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	*

	Lega Holeta
	*
	*
	*
	*
	 
	*
	*
	 
	 
	*
	 
	*
	 
	 
	 
	*
	 
	*

	Lower areb
	 
	*
	*
	 
	*
	*
	 
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 

	Lugo 
	 
	*
	*
	 
	 
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Meda Talila 
	 
	*
	*
	 
	 
	*
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	*

	Melka Oba
	*
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Mengelle 39
	 
	 
	 
	 
	 
	*
	 
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 

	Mentawuha
	 
	*
	*
	 
	*
	*
	*
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 

	Meteray
	 
	*
	*
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Middle Sonka
	 
	 
	 
	*
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	*

	Midhegdu
	 
	*
	*
	 
	 
	*
	*
	 
	 
	 
	 
	 
	 
	*
	 
	 
	*
	 

	Mojo Tika 
	 
	 
	 
	 
	 
	 
	*
	 
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 

	Nanasha Gumguma
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Oppi
	*
	*
	*
	*
	*
	*
	*
	 
	 
	*
	 
	*
	 
	 
	 
	*
	 
	*

	Otora
	 
	*
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*

	Qadalle Scheme
	 
	*
	 
	 
	 
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*
	 

	Regeda
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	*
	 

	Shapa
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Shaya
	 
	*
	 
	*
	 
	 
	 
	 
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 

	Silga
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Sulele
	 
	 
	*
	*
	 
	 
	 
	 
	 
	*
	 
	 
	 
	 
	 
	 
	 
	 

	Swak
	 
	*
	*
	 
	 
	 
	*
	*
	 
	*
	 
	 
	 
	 
	 
	 
	 
	*

	Tamsa
	*
	 
	*
	 
	 
	 
	 
	 
	*
	*
	 
	*
	*
	 
	 
	 
	 
	*

	Ujummo
	*
	*
	*
	*
	*
	*
	*
	 
	*
	 
	 
	*
	 
	 
	 
	 
	 
	*

	Wedessa
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Weira
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*
	 

	Welmel Guda
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*

	Welmel Tika
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*
	 

	Wesarbi
	*
	*
	*
	*
	*
	*
	*
	 
	 
	*
	 
	*
	 
	 
	 
	*
	 
	*

	Wonji Kuriftu
	*
	*
	*
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Woyito 
	 
	*
	*
	*
	 
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*
	*

	Zaba Bezo
	 
	 
	*
	*
	*
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	*
	*

	Zemeskel
	*
	*
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


	
[bookmark: _Toc234311747]Appendix 14: On-farm water management related problems in selected CMIS
	Center
	Scheme name
	Unfair water allocation
	lack of Irrigation scheduling knowledge
	Weak IWUA
	No regular scheme maintainance

	Bore
	Ababa
	*
	*
	*
	*

	Holeta
	Abayi
	
	*
	*
	*

	Gonder
	Amibuha
	*
	*
	
	

	Sirinka
	Amid
	*
	
	
	

	Debremarkos
	Anderem
	
	
	
	

	Debremarkos
	Atimena
	
	
	
	

	Pawe
	Ayehu
	*
	
	
	

	Ambo
	Bete Chole
	
	
	*
	

	Melkasa
	Bila
	*
	*
	
	

	Wondo genet
	Bilate
	
	*
	
	*

	Melkasa
	Bonga
	*
	*
	
	

	Yabello
	Bule Koloba
	
	
	
	

	Pawe
	Burabure
	*
	
	
	

	Debre birhan
	Chacha 
	*
	*
	
	

	Wondo genet
	Chala
	
	*
	
	*

	Sirinka
	Cheleka
	*
	
	
	

	Kulumsa
	Chere
	
	
	*
	

	Werer
	Chifra
	
	*
	
	

	Jimma
	Chole Beyem
	*
	*
	*
	

	Jimma
	Debeso 2ffa 
	*
	*
	*
	

	Sirinka
	Dereba
	
	
	
	

	Kulumsa
	Dire Kiltu
	*
	*
	*
	

	Bore
	Dorso
	*
	
	*
	*

	Werer
	Durufli
	
	
	*
	

	Ambo
	Ejersa
	
	
	*
	

	Sinana
	Erba
	*
	
	
	

	Debremarkos
	Geray II
	
	
	*
	

	Jimma
	Gibe Kechema
	*
	*
	*
	

	Melkasa
	Goderei
	*
	*
	
	

	Melkasa
	Godino
	*
	*
	
	

	Sirinka
	Golina
	*
	
	
	

	Ambo
	Gonga
	
	
	*
	

	Pawe
	Gorsh
	*
	
	
	

	Debrezeit
	Gulo
	
	*
	
	

	Fedis
	Haji Faja 
	
	*
	*
	

	Fedis
	Harawa #1 
	
	*
	*
	

	Chiro
	Hargity
	
	
	*
	

	Tepi
	Jirika
	
	*
	*
	

	Melkasa
	Karfe
	*
	*
	
	

	Melkasa
	Kengi
	*
	*
	
	

	Debre birhan
	Keskash 
	*
	*
	
	

	Kulumsa
	Ketar Genet
	
	
	*
	*

	Jimma
	Kishe
	*
	*
	*
	

	Holeta
	Lega Holeta
	
	*
	*
	*

	Fogera
	Lower areb
	*
	
	
	

	Fedis
	Lugo 
	
	*
	*
	

	Fedis
	Meda Talila 
	
	*
	*
	

	Melkasa
	Melka Oba
	*
	*
	
	

	Assosa
	Mengelle 39
	
	
	*
	

	Fogera
	Mentawuha
	*
	
	
	

	Fogera
	Meteray
	*
	
	
	

	Assosa
	Middle Sonka
	
	
	*
	

	Chiro
	Midhegdu
	*
	
	*
	

	Debrezeit
	Mojo Tika 
	
	*
	*
	*

	Kulumsa
	Nanasha Gumguma
	
	*
	
	

	Tepi
	Oppi
	
	*
	
	*

	Arba Minch
	Otora
	
	*
	
	

	Yabello
	Qadalle Scheme
	*
	
	
	

	Arba Minch
	Regeda
	*
	*
	
	*

	Wondo genet
	Shapa
	
	*
	
	*

	Kulumsa
	Shaya
	*
	
	*
	

	Assosa
	Silga
	
	
	*
	

	Werer
	Sulele
	
	
	*
	

	Gonder
	Swak
	*
	*
	
	

	Jimma
	Tamsa
	*
	*
	*
	

	Jimma
	Ujummo
	*
	*
	*
	

	Wondo genet
	Wedessa
	
	*
	
	*

	Wondo genet
	Weira
	
	*
	
	*

	Sinana
	Welmel Guda
	
	
	
	

	Sinana
	Welmel Tika
	*
	*
	
	

	Holeta
	Wesarbi
	
	*
	*
	*

	Melkasa
	Wonji Kuriftu
	*
	*
	
	

	Jinaka
	Woyito 
	*
	*
	
	

	Jinaka
	Zaba Bezo
	*
	*
	
	

	Debrezeit
	Zemeskel
	
	
	
	



[bookmark: _Toc234311748]Appendix 15: Pictures of community-managed irrigation schemes
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Durufuli community-managed irrigation scheme
[image: ]
Weir damage at Duruful 
Ababa community-managed irrigation scheme
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Meteray community-managed irrigation scheme
[image: ]
Menta Wuha community-managed irrigation scheme
[image: ]
Chala community-managed irrigation scheme
[image: ]
Mojo guda community-managed irrigation scheme
[image: ]
Midhagdu community-managed irrigation scheme
[image: ]
Anderem community-managed irrigation scheme
[image: ]
Atimena community-managed irrigation scheme
[image: ]
Godino community-managed irrigation scheme
[image: ]
Wonji Kuriftu community-managed irrigation scheme
[image: ]
Bonga community-managed irrigation scheme
[image: ]
Chole beyem community-managed irrigation scheme
[image: Several people standing on a concrete ledge

AI-generated content may be incorrect.]
Tamsa community-managed irrigation scheme
[image: ]
Amibuha community-managed irrigation scheme
[image: ]
Geray II community-managed irrigation scheme
[image: ]
Swak community-managed irrigation scheme
[image: ]
Chacha community-managed irrigation scheme
[image: ]
Zeba Zebo community-managed irrigation scheme
[image: ]
Woito community-managed irrigation scheme
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Otora community-managed irrigation scheme
[image: ]
Lower Areb community-managed irrigation schemeFig. 2. Diversion weir of Dorso irrigation Scheme
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Dorso community-managed irrigation scheme
[image: ]
Gorsh community-managed irrigation scheme
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Wodesa community-managed irrigation scheme
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Burabur community-managed irrigation scheme
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Bilate community-managed irrigation scheme
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Shapa community-managed irrigation scheme
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Ayehu Jimiri community-managed irrigation scheme
[image: ]
Jorika community-managed irrigation scheme
[image: ]
Opi community-managed irrigation scheme
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Kenji community-managed irrigation scheme
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Chifra community-managed irrigation scheme
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Sublele community-managed irrigation scheme
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Welmal Tika community-managed irrigation scheme
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Erba community-managed irrigation scheme
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Nanasha community-managed irrigation scheme
[image: ]
Lega Holleta community-managed irrigation scheme

`[image: ]
Abayi community-managed irrigation scheme








Ec	<	70	
Lined	Lined/Unlined	Unlined	Unknown	All Schemes	22.857142857142858	46.875	71.428571428571431	100	38.666666666666664	Ec 70-90	
Lined	Lined/Unlined	Unlined	Unknown	All Schemes	54.285714285714285	43.75	28.571428571428569	0	46.666666666666664	Ec 	>	90	
Lined	Lined/Unlined	Unlined	Unknown	All Schemes	22.857142857142858	9.375	0	0	14.666666666666666	Canal Type


Schemes (%)




Schemes (%)	
<	50	50–70	70-90	>	90	4	25.333333333333336	50.666666666666671	20	Ed Category (%)


Schemes (%)



Heavy	
<	25	25–40	40–55	>	 55	All Schemes(%)	1.3333333333333335	13.333333333333334	25.333333333333336	18.666666666666668	1.3333333333333335	Medium	
<	25	25–40	40–55	>	 55	All Schemes(%)	0	12	13.333333333333334	9.3333333333333339	25.333333333333336	Light	
<	25	25–40	40–55	>	 55	All Schemes(%)	0	0	2.666666666666667	2.666666666666667	41.333333333333336	Unknown soil texture	
<	25	25–40	40–55	>	 55	All Schemes(%)	0	0	0	1.3333333333333335	32	Ea Category (%)


Schemes (%)




Schemes vs DU Category and Soil Texture Class

<	70	
Heavy	Medium	Light	Unknown	14.666666666666666	4	1.3333333333333333	0	70-80	
Heavy	Medium	Light	Unknown	14.666666666666666	10.666666666666666	0	0	80-90	
Heavy	Medium	Light	Unknown	14.666666666666666	16	2.6666666666666665	1.3333333333333333	>	90	
Heavy	Medium	Light	Unknown	14.666666666666666	4	1.3333333333333333	0	Soil Texture Class


Schemes (%)




Schemes Distribution by Es Category and Soil Texture

<	50	
Overall	Heavy	Medium	Light	Unknown	10.666666666666666	6.666666666666667	2.6666666666666665	1.3333333333333333	0	50-70	
Overall	Heavy	Medium	Light	Unknown	52	30.666666666666668	18.666666666666668	2.6666666666666665	0	>	70	
Overall	Heavy	Medium	Light	Unknown	37.333333333333336	21.333333333333332	13.333333333333334	1.3333333333333333	1.3333333333333333	Soil Texture


Schemes (%)




Heavy	
<	20	20-30	30-40	40-50	>	50	14.666666666666666	21.333333333333332	13.333333333333334	6.666666666666667	2.6666666666666665	Medium	
<	20	20-30	30-40	40-50	>	50	9.3333333333333339	12	6.666666666666667	6.666666666666667	0	Light	
<	20	20-30	30-40	40-50	>	50	1.3333333333333333	2.6666666666666665	0	0	1.3333333333333333	Unknown	
<	20	20-30	30-40	40-50	>	50	0	0	0	1.3333333333333333	0	Cumulative (%)	
25.333333333333336	61.333333333333336	81.333333333333343	96.000000000000014	100.00000000000001	SIE Category (%)


Schemes (%)





Based on all crops

OPID 	
<	0.5	0.5-1	1-2	2-5	5-10	>	10	4	12	29	24	5	1	OPWC	
<	0.5	0.5-1	1-2	2-5	5-10	>	10	4	12	29	24	5	1	Water productivity range (kg/m3)


Number of CMIS




Based on seasonal crops

OPID 	
<	0.5	0.5-1	1-2	2-5	5-10	>	10	5	15	28	20	5	1	OPWC	
<	0.5	0.5-1	1-2	2-5	5-10	>	10	5	15	28	20	5	1	Water productivity range (kg/m3)


Number of schemes




Schemes by Ea Category and Soil Texture

Heavy	
<	70	70-80	80-90	>	90	15.384615384615385	35.897435897435898	20.512820512820511	0	Medium	
<	70	70-80	80-90	>	90	5.1282051282051277	5.1282051282051277	0	0	Light	
<	70	70-80	80-90	>	90	0	2.5641025641025639	15.384615384615385	0	Ea Category (%)


Schemes (%)




Heavy	
70-80	80-90	>	90	17.948717948717949	20.512820512820511	20.512820512820511	Medium	
70-80	80-90	>	90	5.1282051282051277	2.5641025641025639	0	Light	
70-80	80-90	>	90	2.5641025641025639	12.820512820512819	0	DU Category (%)


Schemes (%)




Heavy	
<	70	70-80	80-90	>	90	25.641025641025639	25.641025641025639	17.948717948717949	2.5641025641025639	Medium	
<	70	70-80	80-90	>	90	5.1282051282051277	2.5641025641025639	2.5641025641025639	0	Light	
<	70	70-80	80-90	>	90	7.6923076923076925	7.6923076923076925	2.5641025641025639	0	Es Category (%)


Schemes (%)




Schemes reporting irrigation related problems

Schemes/responses (%)	Absence of silt trap	Night storage pond sedimentation	Absence of undersluice	Main canal overtopping	Damaged intake structure	Absence of culvert	Lack of regular maintainance	Canal seepage	Weir damage	Siltation of canal at intake	Canal bed scouring	Canal damage	Poor maintainance	Weak IWUA	Canal crack	Inequitable water allocation	Illegal water abstraction	Limited scheduling knowledge	Weed growth in canal	Lack of maintenance	Canal siltation	Absence of flow-control gates	1.3333333333333333	2.6666666666666665	4	6.666666666666667	13.333333333333334	16	18.666666666666668	28	28	28	33.333333333333336	36	38.666666666666664	42.666666666666664	49.333333333333336	50.666666666666664	53.333333333333336	57.333333333333336	58.666666666666664	58.666666666666664	74.666666666666671	81.333333333333329	Problems


Frequency of Schemes (%)
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