Addis Ababa University. ‘f "j s
AENANARTACHT T

SEEK WISDOM, ELEVATE YOUR INTELLECT AND SERVE HUMANITY' ! - 'r ‘. -

COLLEGE OF DEVELOPMENT STUDIES
CENTER FOR ENVIRONMENT AND DEVELOPMENT

SUSTAINABLE DEVELOPMENT AND WATER MANAGEMENT IN
KOGA SCHEME, ETHIOPIA: A TRIPLE BOTTOM LINE AND
WEDDING CAKE FRAMEWORK

Ph.D DISSERTATION

ABEBE BELAY GEBEYEHU

ADDIS ABABA, ETHIOPIA

JUNE, 2024



SUSTAINABLE DEVELOPMENT AND WATER MANAGEMENT IN
KOGA SCHEME, ETHIOPIA: A TRIPLE BOTTOM LINE AND
WEDDING CAKE FRAMEWORK

By

Abebe Belay Gebeyehu

A dissertation submitted to the center for environment and development of college of
development studies, Addis Ababa University, Ehiopia

Submitted in partial fulfillment of the requirements for the degree of Doctor of
Philosophy in College of development studies (Environment and Development) of
Addis Ababa University

Supervisors

Belay Simane (PhD), Professor, Addis Ababa University
Ermias Teferi (PhD), Associate Professor, Addis Ababa University

Copyright © 2024 (Abebe Belay) All rights reserved.



APPROVAL AND SIGNATURE SHEET

ADDIS ABABA UNIVERISTY
COLLEGE OF DEVELOPMENT STUDIES

"SUSTAINABLE DEVELOPMENT AND WATER MANAGEMENT IN KOGA SCHEME,
ETHIOPIA: A TRIPLE BOTTOM LINE AND WEDDING CAKE FRAMEWORK"

Author
Abebe Belay Gebeyehu Date
Supervisors
Belay Simane, Ph.D [Professor] Date
Ermias Teferi, Ph.D [Associate Professor] Date

Examining board members

Engdawork Asesfa, Ph.D [Chair person] Date

Bogale Teferi, Ph.D [External examiner] Date

Abrham Seyoum, Ph.D [Internal examiner] Date



STATEMENT OF AUTHOR

The author accepts sole responsibility for the following: study conception and design, data
collecting, data analysis and interpretation, and writing up.



Contents

1

General introduction 1
1.1 Background and justification . . . . ... ... ... 1
1.2 Concise literaturereview . . . . . . . . . . ... 4

1.2.1  Models of Sustainable Development . . . . ... .. .. ... ...... 4

1.2.2 Water management approaches for sustainability . . . . ... ... ... 8

1.2.3 Overview of the concept of efficiency and models . . . . . ... ... .. 11
1.3 Conceptual framework . . . . . . . . . .. 13
1.4 Study areadescription . . . . . ... 15
1.5 Statementoftheproblem . ... ... .. ... ... .. L. 19
1.6 Researchquestions . . . . .. . . . . . ... . . 22
1.7 Objectives . . . . . . . 22

1.7.1 Generalobjective . . . . . .. ... 22

1.7.2 Specificobjectives . . . . . .. ... 22
1.8 Significance ofthestudy . . . . . . . . .. ... .. 22
1.9 Scopeofthestudy . ... ... ... . . . . . . ... 23
1.10 Limitationsofthestudy . . . . . .. . .. . ... . .. .. .. 24
1.11 Structure of the dissertation . . . . . ... ... ... . .. Lo 25

Technical efficiency indicator for economic sustainability and convergence in

Koga Scheme: Ethiopia 26
2.1 Introduction. . . . . . .. 27
2.2 Literature Review . . . . . . . .. 29
2.3 Methods . . . . . . . e 31
2.3.1 Datatype, source and description . . . . .. ... ..o 31
2.3.2 Sample size and sampling procedure . . . . . . ... ... oL 32
2.3.3 Estimation techniquesandmodels . . . . .. ... ... ... ... ... 33
2.4 Results and Discussion . . . . . . . .. e 37
2.41 Descriptive Statistics . . . . . ... o 37
2.4.2 Translog Stochastic Frontier and inefficiency model results . . . . . . . 38
2.4.3 The level of economic sustainability . . ... ............... 41
2.4.4 Capacity utilization and inefficiency loss . . . .. ... ... ... .... 43
2.4.5 Irrigation for Greater income in agriculture . . . . .. ... ... ... 47
2.4.6 Spatio-temporal economic sustainability convergence . . . . . . . . . .. 48
2.5 Conclusions and policy implication . . . . . ... ... ... ... ... .. ... 65

Runoff sensitivity to changes in climate factors in Koga Scheme: A compara-

tive study 66
3.1 Introduction. . . . . . .. e e e 67
3.2 Methods . . . . . . . e e 69

3.2.1 Data types, sources and preprocessing . . . . . . . . . ... 69

3.2.2 Estimation techniques [MK, the von Storch’s pre-whitening procedure
(MK-PW), the two types of Variance Correction Approaches (MK-VCA)] 70

iv



3.2.3 Climate Variability . . . . . . ... ... .. .. . 73

3.2.4 Hydo-climatic Sensitivity . . . . . . .. ... o 74
3.3 Resultsand Discussion . . . . . ... ... ... oo 74
3.38.1  Hydro-climate Change and Variability . . . . ... ... ... ....... 74
3.3.2 Hydro-climatic sensitivity analysis . . . . . ... ... ... ... ..... 96
3.4 Conclusion and policy implication . . . . ... ... ... ... .......... 102

Sustainability analysis of water management, with emphasis on Integrated Wa-
ter Resource Management (IWRM) and Environmental Management Plan (EMP)

103
4.1 Introduction. . . . . . . . e 104
42 Methods . . . . . . . e 106
421 Datatypesandsources . . . .. ... ... 106
4.2.2 The Sustainable Development Analysis Grid (GADD) . . ... ... .. 106
4.2.3 NetSyMoD methodological framework and the mDSS tool . . . ... .. 110
4.2.4 Basic steps of Multicriteria Decision Analysis . . . . ... ... ... .. 110
42,5 Problem Structuring . . . . ... 111
4.2.6 Generating Analysis Matrix . . . ... ... ... . o oL 111
4.2.7 Modelling Criteria Weights . . . . . . . ... ... ... .. .. .... 111
428 DecisionRules . . ... .. .. ... 113
4.3 Results and Discussion . . . . . . . ... e e 115
4.3.1 The extent of IWRM existence and some verifiable indicators . . . . . . 115

4.3.2 Sustainability Assessment of Integrated Water Resource Management
(IWRM) plan . . . . . e 119

4.3.3 Sustainability Analysis of EIA-recommended adaptation and mitigation
MEASUIES . . . . . i o i i e e e e e 128
4.3.4 Farmers’ perception of adaptation and mitigation orientation . . . . . . . 152
4.3.5 Sensitivity Analysis . . . . . . . L 154
4.3.6 Assessment of Implementation of EIA Recommendations . . . ... .. 155
4.4 Conclusion and policy implication . . . . . ... ... ... .. ... . ... ... 156
Synthesis 162
5.1 Synthesis . . . . . . . . e 162
5.2 Conclusion and recommendations . . . . . .. ... ... 0 165
APPENDICES . . . . . . . . e 194
A Trans-Log Stochastic Frontier and technical inefficiency models . . . . ... .. 194
B Summarized data on Koga Irrigation and Watershed blocks . . . . . . ... ... 200
C  Trans-Log stochastic frontier and inefficiency model variables . . . . . . .. .. 203
D  Socio-economic characteristics of farmers . . . . . .. ... ... oo L 205
E  Stochastic Frontier Model (SFM) Results . . . . . . ... ... ... ... .... 208
F Summary of Mann-Kendall trend Test results/ Hydro-climatic data analysis . . . 212
G Sustainable development dimensions, themesandgoals . . ... ........ 214
H  Criteria weighting and relative importance of adaptation and mitigation measures222



List of Tables

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11

3.1
3.2

3.3
3.4
3.5
3.6
3.7

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14

4.15

4.16

417

4.18

Output elasticities and returnstoscale . . ... ... ... .. ... ....... 39
Level of economic sustainability indicated by technical efficiency indices . . . . 42
Capacity utilization, and inefficiency loss indicators . . . . ... ... ... ... 44
Average annual income of sample households in Koga scheme . . . ... ... 48
Expected annual technical efficiency growth indices and temporal convergence . 50
Speed of temporal convergence to optimum level of economic sustainability . . 52
Growth differentials and spatial convergencetoMESB . . . . . .. ... ... .. 55
Real efficiency growth rates adjusted for the catch-up effect . . . . . . ... ... 57
Speed of spatial convergencetoMESB . . . . . ... ... ... L. 58
Growth differentials for leapfrogging phenomenon in economic sustainability . . 61
Speed of leapfrogging phenomenon in economic sustainability . . . . ... ... 64
Mann-Kendall trend Test results/ Average annual & mean seasonal temperature 76

Mann-Kendall trend Test results/Mean daily minimum, maximum temperature in

both stations . . . . . . . . .. 80
Rainfall distribution in the three seasons (1983-2016) . . . . .. ... ... ... 82
Mann-Kendall trend Test results/ Total annual & total seasonal rainfall . . . . . . 83
Rainfall and temperature coefficient of variations (1983-2016) . . .. ... ... 88
Runoff coefficient of variations (1959-2012) . . . . . . . .. ... ... ... ... 92
Mann-Kendall trend Test results/ Total annual & total seasonal runoff . . . . .. 93
Sustainable Development Dimensions and Themes . . . . ... ... ...... 107
Goal Assessment Scale and Interpretation . . . . ... ... ... ........ 109
The performance results of the IWRM plan Interpretation [Radar Charts] . . . . 109
The Prioritization Index and Interpretation . . . . . . . ... ... ... ...... 109
Prioritization Index . . . . . . . . . . 110
The adaptation /mitigation measures selection procedure . . . . . .. ... ... 112
Scale for pairwise comparison [Saaty (1980)] . ... ... ... ... ...... 112
Interpreting the situation of ECOLOGICAL dimension and themes . . . . . . .. 120
Interpreting the situation of SOCIAL dimension andthemes . . . . . . ... ... 120
Interpreting the situation of ECONOMICAL dimension and themes . . . . . . .. 122
Interpreting the situation of CULTURAL dimension and themes . . . . . . . . .. 122
Interpreting the situation of ETHICAL dimension and themes . . . . . ... ... 122
Interpreting the situation of GOVERNANCE dimension andthemes . . . . . .. 122
Some planned and implemented activities related to various goals of sustainable de-

velopment . . . . . L 125
Some planned and implemented activities related to various goals of sustainable de-

velopment...continued . . . . . . . L L Lo e 126
Some planned and implemented activities related to various goals of sustainable de-

velopment...continued . . . . . . . L. Lo 127
Some planned and implemented activities related to various goals of sustainable de-

velopment...continued . . . . . . . .o 128
Pairwise comparison of criteria for overall sustainability . . . . . ... ... ... 130

Vi



4.19
4.20
4.21
4.22
4.23
4.24
4.25

4.26

5.1
5.2
5.3
5.4
5.5

5.6
5.7

5.8

5.9

5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18
5.19
5.20
5.21
5.22
5.23
5.24
5.25

5.26

Definition of sustainability, three pillars, and major indicators / themes . . . . . . 131
Analysis Matrix . . . . . . . . 132
List of EIA-recommended and other measures for the analysis . . . . ... ... 133
Pairwise comparisons of option for each pillar of sustainability . . . . ... ... 134
TOPSIS Weighted Normalized Matrix in the Triple Bottom Line framework . . . . 140
TOPSIS Weighted Normalized Matrix in the Wedding Cake framework . . . . . . 140
Total score of each alternative option, the contribution given to that score by the

partial scores Simple Additive Weighting (SAW) in Triple Bottom Line framework 149

Total score of each alternative option, the contribution given to that score by the
partial scores Simple Additive Weighting (SAW) in Wedding Cake framework . . 150
Area ldentification . . . . . .. .. 195
Technical Inefficiency Model Variables - Household[HH] Demographics . . . . . 195
Technical Inefficiency Model Variables - Operational and Farm Specific Variable 195
Trans-Log Stochastic Frontier Model Variables-Output . . . . . ... ... ... 196
Trans-Log Stochastic Frontier Model Variables-Crop Type & Factors of Produc-
1110 o 197
Trans-Log Stochastic Frontier Model Variables-Factors of Production . . . . . . 198
Perception of sample households related to production, conservation, efficiency
& adaption & mitigation measures . . . . .. ..o oo 199
General Information about Koga irrigation & watershed project . . . . . . . . .. 201
Contract KDIP implemented activities in Upper & Lower catchments . . . . . . 201
Summarized data of irrigation blocks . . . . . . ... 202
Trans-Log stochastic frontier & inefficiency model variables . . . . . .. .. .. 204
Socio-economic characteristics of farmers . . . . . . .. ... L. 206
Trans-Log Stochastic Frontier Model results . . . . . .. . ... ... ... ... 209
Technical Inefficiency Model results . . . . . . ... ... ... .. ... ... .. 210
Optimal Model and Appropriate Functional Form . . . ... ... ... ... .. 210
Determinants in Inefficiency model are simultaneously zero . . . . . ... ... 210
Summary of Mann-Kendall trend Test results/ Hydro-climatic data & sensitivity
analysis . . . . 213
Sustainable Development Goals in the grid based on their closeness to a spe-
cific theme and their contribution . . . . . . . .. ... .. .. ... ... 215
Sustainable Development Goals in the grid based on their closeness to a spe-
cific theme and their contribution....continued . . . . . ... ... ... ... ... 216
Sustainable Development Goals in the grid based on their closeness to a spe-
cific theme and their contribution...continued . . . . . ... ... .. ... .... 217
Sustainable Development Goals in the grid based on their closeness to a spe-
cific theme and their contribution...continued . . . . . ... ... ... ... ... 218
Sustainable Development Goals in the grid based on their closeness to a spe-
cific theme and their contribution...continued . . . . . ... ... ... ... ... 219
Sustainable Development Goals in the grid based on their closeness to a spe-
cific theme and their contribution...continued . . . . . ... ... ... ... ... 220
Sustainable Development Goals in the grid based on their closeness to a spe-
cific theme and their contribution...continued . . . . . .. . ... ... ... ... 221
Pairwise comparison of criteria/pillars of sustainability [This pairwise compari-
son determine the criteria weighting] . . . . . . . . . . . ... Lo 223
Pairwise comparison to determine the relative importance of mitigation and

adaptation strategies for economic sustainability (Table 1)[It should be noted
that the five-member analysis group repeated the comparison for the remaining
twopillars] . . . .. 224

Vi



5.27 Pairwise comparison to determine the relative importance of mitigation and
adaptation strategies for economic sustainability (Table 2)[[It should be noted
that the five-member analysis group repeated the comparison for the remaining
twopillars] . . . . .

List of Figures

The Interlocking Circles model of sustainability . . . . .. ... ... .......
Three Legged Stool Model of sustainability . . . . .. ... ... .........
The three nested dependencies model . . . . . ... ... ... ... ......
Wedding cake framework for sustainability . . . ... ... ... ... ......
Prism model of sustainability . . . . . ... ... ... ... . o
Conceptual framework of thestudy . . . . .. .. ... ... ... ... ....
Studyareamap . . . . . . . .o e e e e e e e e e e e

— ot — ot ek kb
NouoRrwih =

2.1 Production and efficiency related perceptions . . . . . .. . ... ... ... ...
2.2 Expected growth rates for temporal economic sustainability convergence . . . .
2.3 Speed of temporal economic sustainability convergence . . . . . . . ... .. ..
2.4 Spatial economic sustainability convergence . . . . . ... ... L.
2.5 Speed for spatial economic sustainability convergence . . . ... ... ... ..
2.6 Growth differentials for cross-over in economic sustainability . . . . . ... ...
2.7 Speed for cross-over phenomenon in economic sustainability . . . .. ... ..

3.1 Average temperature data trend analysis in Merawi and Wetet Abbay . . . ... ...
3.2 Daily minimum and maximum temperature data trend analysis in both stations . . . . .
3.3  Daily minimum and maximum temperature data trend line after Koga dam construction
andoperation . . . . .. L L e e e e e e e
3.4 Total annual rainfallinMerawi . . . . . . ... ... ...
3.5 Total annual rainfall in Wetet Abbay . . . . . . ... ... ... ... ... ....
3.6 Total annual rainfall trend after Koga Dam construction and operation in Merawi
3.7 Total annual rainfall trend after Koga Dam construction and operation in Wetet
Abbay ... e
3.8 Seasonal rainfall data trend analysis in Merawi and Wetet Abbay . . . . . . ..
3.9 Rainfall Distribution in Merawi Station . . . . ... ... ... ... ........
3.10 Rainfall Distribution in Wetet Abbay Station . . . . . ... ... ... ... ....
3.11 PClinthetwo Stations . . . . . . . . . . . . . . . . .. e
3.12 Runoff data trend analysis in Koga Nr./@ Merawi and Gilgel Abbay Nr. Merawi
3.13 Hydrologic sensitivity to climate factors in two Watersheds . . . . . ... .. ... ..
3.14 Dominant factor affecting runoff in Koga Watershed . . . . . . ... ... ... ....
3.15 Dominant factor affecting runoff Gilgel Abbay Watershed . . . . . . . .. .. .. ...
3.16 Comparison of runoff sensitivity to climate of two watersheds . . . . . .. .. .. ...

4.1 The extent of IWRM as per the Principles . . . . . .. ... ... ... ......
4.2 Performance of dimensionsandthemes . . . . . . . . . .. ... Lo oL
4.3 Performance of the sustainable development dimensions . . . . . ... ... ..
4.4 Relative importance of pillar for overall sustainability . . . . . ... ... .....

viii

86



4.5 Responses under Simple Additive Weighting (SAW) and criteria weighting

framework . . . . . . e 137
4.6 Responses under Order Weighted Average (OWA) and criteria weighting frame-

WOrK . . o e 139
4.7 Responses under Technique for Order Preference by Similarity to Ideal Solution

(TOPSIS) and criteria weighting frameworks . . . . . . .. ... ... ...... 141
4.8 Ranking Histogram . . . . . . . ... 146

4.9 Sustainability of Simple Additive Weighting (SAW) in Triple Bottom Line framework147
4.10 Sustainability of Simple Additive Weighting (SAW) in Wedding Cake framework . 148
4.11 Sustainability chart under Simple Additive Weighting (SAW) aggregation method 157

4.12 Sustainability chart under TOPSIS method . . . . . . . ... .. ... ... ... 158
4.13 Adaptation and mitigation measures orientation perceptions . . . . . . ... .. 159
4.14 TORNADO diagram based on Simple Additive Weighting (SAW) in Triple Bot-

tom Line framework . . . . . ... 160
4.15 TORNADO diagram based on Simple Additive Weighting (SAW) in Wedding

Cake framework . . . . . . . .. 161
5.1 Proportion of irrigation land ineach block . . . . ... ... ... ......... 207
5.2 Proportion of sample sizeineachblock . .. ... .. ... ... .. ....... 207
5.3 Proportion of sample land size ineachblock . . .. ... ... ... ....... 207
5.4 Plot analysis of farm, household specific variables & technical efficiency . . . . . . .. 211

Appendices

SURVEY QUESTIONNAIRE . . . . . e 194
KOGA IRRIGATION AND WATERSHED PROJECT . . ... .. ... ... .. ...... 200
STOCHASTIC FRONTIER MODEL VARIABLES . . . . . .. ... ... ... ... .... 203
SOCIO-ECONOMIC CHARACTERISTICSOF FARMERS . . . . . . . ... ... .. ... 205
STOCHASTIC FRONTEIRMODEL (SFM) . . . . . . . . e 208
MANN-KENDALL TREND TESTS . . . . . . . . . e 212
SUSTAINABLE DEVELOPMENT ANALYSISGRID (GADD) . . . . .. ... ... .. ... 214
PAIRWISE COMPARSION (SAATY (1980) . . . . . . . . . . . o o e 222



CD
COSAERAR

CV
DPSIR
EEA
EIA
EMP
EU WFD
GADD
GWP
IWRM
LR
MCA
mDSS
MESB
METB
MK
MLE
MK-PW
MK-VCA
MULINO-DSS
NetSyMoD
OECD
OWA
PCI
PWC
RBOs
SAW
SDGs
SFM
TBL
TE
TOPSIS
UNCED
WSSD
WUAs

LIST OF ACRONYMS

Cobb-Douglas production

COmmission for Sustainable Agriculture and Environmental Rehabilitation in

Amhara Region
Coefficient of Variation
Drivers-Pressures-State-Impacts-Responses
European Environment Agency
Environmental Impact Assessment
Environmental Management Plan
European Water Framework Directive
Sustainable Development Analysis Grid
Global Water Partnership
Integrated Water Resource Management
Log-likelihood Ratio test
Multi Criteria Analysis
MULINO Decision Support System
Most Economically Sustainable Block
Millons of EThiopian Birr
Mann—Kendall test
Maximum Likelihood Estimation
Mann—Kendall Pre-Whitening procedure
Mann—Kendall Variance Correction Approach
MULtisectoral, INtegrated and Operational Decision Support System
Network Analysis — Creative System Modelling — Decision Support
Organization for Economic Cooperation and Development
Order Weighting Average
Precipitation Concentration Index
Pair-Wise Comparisons
River Basin Organizations
Simple Additive Weighting
Sustainable Development Goals
Stochastic Frontier Model
Triple Bottom Line Framework
Technical Efficiency
Technique for Order Preference by Similarity to Ideal Solution
United Nations Conference on Environment and Development
World Summit on Sustainable Development
Water Users’ Associations



ACKNOWLEDGMENTS

First and foremost, | would like to praise and thank God. I'm grateful to my supervisors, Prof.
Belay Simane and Dr. Ermias Teferi, for their patience and guidance.

Xi



SUSTAINABLE DEVELOPMENT AND WATER
MANAGEMENT IN KOGA SCHEME, ETHIOPIA: A

TRIPLE BOTTOM LINE AND WEDDING CAKE
FRAMEWORK

ABEBE BELAY GEBEYEHU

Abstract

The aim of the study is to analyze the sustainability of water management approaches in
relation to sustainable development. Specifically, the study focus on the Koga scheme in
Merawi town, Amhara Regional State. The problem that this study seeks to address is the
challenge of achieving sustainable development in the Koga scheme. This includes measures
that make sense from one point of view in Environmental Impact Assessment (EIA) mitigation
measures may reduce the livelihood viability or resource access of other. Recognizing that
not all adaptations are good has drawn attention to the need for sustainable adaptation
measures, as well as defining which types of adaptation are desirable or not. Moreover, the
water management such as Integrated Water Resource Management (IWRM) may not be
effectively translated into good management that meets sustainable development aspirations.
The data sources for this study include a combination of primary and secondary sources.
Primary data sources include survey with key experts involved in the Koga scheme using
snowball sampling, and household survey using stratified random sampling. Secondary data
sources include hydro-climatic variables such as temperature, rainfall and runoff. The main
methods used include technical inefficiency estimation, convergence theory, and scenario
development, various nonparametric Mann-Kendall (MK) estimation techniques, elasticity es-
timation, sustainability analysis techniques such as the sustainable development analysis grid
(GADD), and the multicriteria decision analysis using mDSS software. Even though there are
some verifiable indicators for the implementation of Integrated Water Resource Management
(IWRM) principles in Koga scheme, the sustainability assessment of IWRM is questioned. The
six sustainable development dimensions (economic, social, ecological, ethical, cultural and
governance dimensions) were not taken into consideration. Twenty sustainable development
goals must be addressed immediately, and ninety-nine goals necessitate less immediate
action. The Koga office and other stakeholders should take improvement measures for 119 out
of 166 goals. Unlike the sustainability assessment of IWRM, the Environmental Management
Plan (EMP) is promising to support sustainable development when the long term perspective
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of synergy is taken into account. Except for the planting of forest seedlings, the Environmental
Impact Assessment (EIA) recommended measures in EMP were progressing quite well. The
analysis showed planting of forest seedlings came out top as a sustainable measure in most
cases. It may be the only way to accomplish sustainable development when the environment
serves as a foundation to other pillars in some circumstances. The fact that farmers are
primarily planting eucalyptus trees, and they were spotted turning fertile land into eucalyptus
raises concerns. These practices may have negative implications for sustainable development,
primarily due to the potential environmental damage caused by eucalyptus trees and the
potential threat to food security. In terms of balancing the three pillars, except for training and
extension services for farmers and cooperative organizations all measures maintained imbal-
ance ratings across all three pillars. The various measures perform best on economic criteria
while poor on environmental criteria. Despite a focus on economic sustainability, household
perceptions of its relevance to overall sustainability, and orientation to it, result in a low level
of economic sustainability measured through technical efficiency. Management inefficiency
results in the wastage of around 60 percent of resources, posing a significant threat to future
resource availability and sustainable production. The more than predicted positive impact
on income may have been due to increased inputs and unsustainable practices, rather than
efficient resource utilization. This can be misleading when determining farming feasibility, as
long-term viability relies on efficient resource utilization rather than income. Huge wasted
resources; significant regional differences; efficiency improvement more advantageous than
doubling input in some areas (eg. Teleta block in the command area); and negative elasticity
of output in some inputs, such as seed per hectare and land size, all necessitate planning
to improve efficiency to the frontier and make the areas comparable in terms of technical
efficiency. It requires 9.42 percent growth to achieve optimum efficiency/optimmum economic
sustainability over ten years while over a five-year period, the economic sustainability catch-up
effect with the most economically sustainable area requires a growth differential of 2.11 -
9.45 percent. The convergence targets are not over ambitious plans. More importantly, the
local government should strive for maximum efficiency in order to develop a better long-term
strategy to close the economic sustainability gap. The other aspects of sustainability of the
most apparent indications of climate change in the area surrounding the Merawi station, where
the scheme is based, are the rising maximum and average annual temperatures. Rainfall and
runoff were highly concentrated during the main rainy season, implying a longer dry seasons.
There was high runoff variability; even Koga has more runoff variability than Gilgel Abbay.
Temperature has a greater influence on runoff than rainfall, with the Koga watershed being
more sensitive than the Gilgel Abbay watershed in most circumstances. All these hydroclimatic
conditions endangers the future water demand and supply balance for irrigation activities. The
fact that farmers prioritize current production over future; adaptation and mitigation measures
orientation at the household level was mostly for economic gains; economic objective has the
relative importance of pillar for overall sustainability to farmers; and farmers’ perception related
to the primary motive for crop type selection was profit along with their technical efficiency
level perception have negative implications for efficient resource use, which might jeopardize
future resource availability and impede overall sustainable development efforts.

Keywords : Technical efficiency, convergence, elasticity, IWRM, EMP, sustainable devel-
opment, triple bottom line and wedding cake frameworks
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CHAPTER 1

GENERAL INTRODUCTION

1.1 Background and justification

Irrigation boosts agricultural production while also enhancing the quality of life for millions of
people. The agricultural yields of irrigated and rain-fed agriculture varies significantly (Roseg-
rant , 2002). However, resources particularly water are under increasing strain. Population
growth, increasing economic activity, and higher living standards all result in an increased
competition, and conflicts in the finite supply (GWT , 2005). Irrigated agriculture has emerged
as an important solution to address the impact of climate change, but it also has significant
environmental impacts. Large dams with storage volumes exceeding 3 million m3, such as
the Koga scheme, which is expected to create 77 million m* of water reservoir on the Koga
River, due to the multiple purposes they serve, frequently trigger a large-scale change in the
area (Degu et al. , 2011). Changes in the ecology of a landscape caused by the conversion
of grassland or forest to make way for crops and animals. Biophysical factors may be among
the environmental parameters to be evaluated, and water is a prominent category on an
environmental checklist (GoS , 2000). Surface water hydrology, such as quantity, is a common
environmental issue associated with irrigated agricultural expansion, and there is currently a
growing tendency to hold it accountable for these effects in order to assure sustainability (
Stockle , 2001).

Water serves a variety of functions. We are in a situation with development projects in
which we have very distinct and competing interests in our water supplies. The management
must confront the complexities and close interdependence of multiple interests openly. Due
to water scarcity and drought across Europe, the UN was prompted to adapt the technique
of Integrated Water Resource Management (IWRM), which now has official status as a
framework in their report on sustainable development (Daniel et al. , 2011). The notion of
IWRM has lately gained recognition to resolve the complicated difficulties of the previous
water management efforts ( Mukhtarov , 2008), it is without a doubt the most popular water
management concept in the world right now (UNDP , 2006). The deterioration of water,
the ineffectiveness, the economic waste of resources in traditional approaches to water
management, ignoring social dimensions of the water sector and a lack of awareness of the
limits of the resources themselves, the weaknesses of top-down management approaches
(Xie , 2006); and through a policy reform assistance loan, countries adopted IWRM. Others
have also undergone institutional water reforms prompted by a need for more inclusive and
sustainable water governance, as well as the influence from international organizations
(Jacobi et al. , 2007). The water management discussion were primarily focused on IWRM as



the primary framework for defining water related policies (Gerlak and Mukhtarov , 2015).

The IWRM appears to be a relatively recent concept that evolved following the 1992
Dublin Conference and the 1992 United Nations Rio Summit ( Wolsink , 2005). Many African
countries have begun to manage water using an IWRM strategy. Ethiopia has incorporated
IWRM principles into its policy and implemented different water programs. The principles of
IWRM were designed in the 1990s to include the sustainable development agenda ( GWP ,
2005). Water can be thought of as being linked to greater social and economic goals. This is
the most "integrated" method, bringing biophysical, social, and institutional aspects at a higher
level of strategic planning. In this regard, the IWRM is truly novel ( Mitchell , 1990). Integrated
water resource management is a critical framework for achieving not only SDG 6 but also
all other Sustainable Development Goals (SDGs) ( UN Environment , 2018). It is a widely
accepted international method contributing to economic development, social development,
and environmental protection through a framework of mainly integrating and coordinating
diverse aspects of water management in holistic manner (Tejada-Guibert et al , 2015).
The Bonn Keys underlined essential stages toward sustainable development by satisfying
the poor’s water security demands and fostering decentralization and new collaborations,
and it identified IWRM as the most capable tool. The 2002 World Summit on Sustainable
Development (WSSD) in Johannesburg, South Africa, elevated IWRM to the top of the world
agenda and the requirement for attaining sustainable development (Rahaman and Varis ,
2005). The involvement, coordination, and inclusiveness all lead the way for sustainable
development (Jusi , 2012). A recent assessment on the development implications of IWRM
revealed positive results in social, economic, and environmental aspects (UNEP , 2012).
Water resource management now has equal importance among the SDGs, and that other
SDGs will only be met if the Water Goal is met (WEF , 2015).

It is unavoidable for large-scale development irrigation schemes to interact with pre-existing
social and biological systems. These effects might include environmental, political, economic,
or social sustainability goals and can be positive or negative (Ibeh and Walmsley , 2021).
The effects can be minimized by proper execution of Environmental Impact Assessment (EIA)
recommendations through examining the potential environmental effects of a development
project (Fuggle and Rabbie , 2009). It has been recognized as a forward-thinking tool capable
of informing various stakeholders about the likely effect of the project. As a retroactive
tool, ideally investigate environmental effects throughout all project phases. It is one of the
most effective management techniques, allowing for the early incorporation of concepts of
sustainable development ambitions into a project ( Gubena , 2016). When examining their
shared commitment to promote sustainable development, the SDGs and environmental as-
sessments’s synergy becomes clear. It has been proposed that the scope of EIA is expanded
to include the 17 SDGs, strengthening the commitment to these goals (Boess et al. , 2021).
An assessment of potential environmental consequences ensures a way of harmonizing the
three pillars of sustainable development prior to the approval of development projects (Wood ,
2003). The assessments enable the project to be environmentally sustainable and acceptable
to the surrounding community by avoiding or minimizing consequences. Apart from identifi-
cation of potential impacts, it suggests mitigation strategies to minimize negative substantial
impacts (Mekuriaw and Teffera , 2013). Identifying, avoiding, and mitigating consequences
during the EIA process Glasson (1999), can be considered as steps that support sustainable
development. The Rio 92 Conference encouraged governments and different institutions to
recognize the importance of assessment and it is regarded as an important regulatory tool.
Prior to the formulation of the SDGs, environmental impact assessment (EIA) assisted to the
sustainable development of policies. The success of EIA depends on so many factors such as
its guidelines, reporting, and execution and follow-up on EIA recommendations (Arebo , 2005).



Several countries have reviewed and established their national environmental protection
legislation to incorporate provisions for EIA (Sanchez and Croal , 2012). As public concern
about environmental deterioration has grown in recent years, Ethiopia’s Environmental Policy
was established in 1997 to conservation and sustainable use natural resources. The policy
established the groundwork for EIA ( Mellesie and Mesfin , 2008). EIA is a relatively new
phenomena in Ethiopia, and it became a practice at the end of 2002. Previously few institutions
approached the Environmental Protection Agency (EPA) to get their activities’ environmental
impact assessed ( Damtie and Bayou , 2008). The Koga scheme is a significant experiment
in the management of Ethiopia’s water resources, having two management components:
irrigation and watershed (Marx , 2013). lIrrigation development plays a crucial role in raising
productivity of the fertile land by providing it with the necessary amount of water and inputs.
Additionally, watershed management helps to ensure dam life as well as environmental
stabilization. Moreover, it is a three-component endeavor involving irrigation, conservation,
and capacity building, with both management components expected to be treated as equally
important ( Sina , 2011). According to ADF (2001), the scheme is technically feasible,
economically viable, environmentally sound, and socially desirable . It serves as a pilot project
for the country, being the first large dam project undertaken in the Abay River basin since the
extension of the Fincha’a reservoir in 1987. It was the first large operational dam project in an
ongoing series of projects, and planed to be the country’s first farmers self-administered large
dam project (Eguavoen , 2011). The Koga scheme is a large scheme designed to ultimately
to be managed by individual smallholder farmers. The scheme is positioned as a confidence
builder, demonstrating that upstream uses do not have to negatively impact downstream
populations (Kelly et al. , 2017). The Ethiopian government’s decision to prioritize the project
is consistent with the sustainable agricultural development.

The scheme is an important experiment within national IWRM that has received na-
tional and international attention. Moreover, the Koga scheme, as a major development
project, is subject to certain environmental principles such as the IWRM approach. The
principles mainly cover capacity development and participation of various stakeholders. The
Koga scheme is consistent with the water resources management policy. One of the project’s
output outcomes is management and coordination, and the most significant positive impact
of the project has been the development of farmers’ capacities. It is also classified as envi-
ronmental category 1. Category 1 projects may have negative and significant environmental
consequences, necessitating a full Environmental Impact Assessment. An EIA was carried
out, the impacts were identified, and mitigation strategies were taken into consideration
in the project design approach and ideas. All these characteristics of the scheme under-
score the importance of studying sustainable development and water management in the area.

Water management is crucial for sustainable production in agriculture. The Koga scheme
is believed to contribute to sustainable development, as it contains irrigation and watershed
components in water management. However, due to political unrest, poor water management
practice, limited market linkages and other institutional challenges, the scheme has not
reached its desired goals (Kassie and Alemu , 2021). In order to address these challenges
and promote sustainable development in the area, it is essential to implement effective water
management strategies that take into account the needs of both present and future gener-
ations. Therefore, the rationale for this study lies on the urgent need to assess the current
state of water management’s support to sustainable development based on the Integrated
Water Resource (IWRM) and Environmental Management Plan (EMP). The sustainability
assessment of EIA recommended measures in EMP consider the use of two perspectives : a
triple bottom line and wedding cake framework perspective. The triple bottom line framework



considers the economic, social, and environmental dimensions of sustainability with the same
weight, while the wedding cake framework considers the environment as a base. By applying
these frameworks to Koga scheme, this study identifies how EMP is fared at sustainable
development considering trade off and synergy in sustainable development. At national level
also the country’s water resource is under pressure. By focusing on the Koga scheme, this
study generates valuable insights that can be applied to other irrigation schemes in the country
and beyond.

1.2 Concise literature review

Agricultural intensification through irrigation can reduce poverty through improvements in pro-
ductivity, employment and incomes for farm households and farm labour; the linkage and
multiplier effects with the wider economy; provision of opportunities for diversification of ru-
ral livelihoods; and multiple uses of irrigation supply ( Smith , 2004). Irrigation remains a
key technology to enhance agricultural productivity, food security, and livelihoods and reduce
poverty in rural communities in developing countries (Mupaso et al. , 2023). The Ethiopian
government has been making different interventions to alleviate poverty through irrigation de-
velopments that can minimize the effect of climate change on agriculture. In the Rift Valley
Lake Basins in Ethiopia, irrigation improved household income and contributed to poverty re-
duction (Eneyew et al. , 2014). Similarly, poverty intensity and multidimensional poverty index
of the Koga scheme area were lower than the national and regional averages. Irrigation has
positive impact on multidimensional household poverty reduction. However, the incidence of
poverty is still higher (Kassie et.al, 2018).

1.2.1 Models of Sustainable Development

Sustainable development has become the general guiding principle for human development.
Its importance stems from the existing problems between over exploitation of natural resources
and economic development. Various sustainability models have been developed to explain dif-
ferent aspects of sustainable development and highlight the importance of considering these
elements when pursuing development. Each model provides a different perspective and fo-
cuses on a particular element of sustainability.

(1) Three Interlocking Circles model

The interlocking circles of sustainable model focuses the interdependence of the social,
economic, and environmental components of sustainability. This paradigm is frequently
given to Herman Daly and John Cobb, Jr., who first proposed it in their 1989 book, "For the
Common Good" (Daly and Cobb , 1989) (see Figure 1.1). Sustainability is represented as
three intersecting rings. The concept is founded on the idea that these three characteristics of
sustainability are interrelated and must be balanced in order to attain long-term sustainability.
This approach emphasizes the necessity of achieving long-term sustainability through the bal-
ance of these three dimensions. The approach has found widespread application in a variety
of sectors, including environmental management, urban planning, and commercial strategy.
The model has gained popularity due to a simple paradigm that gives equal importance to
each component. Most sustainable development models are based on these three pillars
(Keiner , 2005). Hansmann et al. (2012) emphasize the importance of balancing the three
pillars of sustainable development: social, economic, and environmental. Previously it was
depicted as actual pillars, a triangle, or overlapping circles. The "pillar" titles vary depending
on the model version, but the most frequent are Economic, Social, and Environmental ( United
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Nations World Summit , 2005).

Depending on our thinking, we can resize the circles to demonstrate which aspect is
more dominating. In business, leaders choose to depict the economy as the largest circle
because it is critical to their success and makes their world go round.

(2) Three Legged Stool Model

John Todd, an environmental scientist, proposed the Three-Legged Stool Model of Sustainabil-
ity in the 1970s. The concept emphasizes the significance of balancing three critical dimen-
sions of sustainability. This approach is founded on the premise that any initiative or system
that seeks to be sustainable must handle all three factors equally in order to achieve long-term
success (Todd , 1981) (see Figure 1.2). The model takes the concept of the ‘triple bottom line’
perspective. The three elements are represented by three separate legs of a stool. If the legs
are not equal in size, the stool will be unstable (but perhaps still be usable at least for a while).
If any leg is missing, then the stool simply will not work. But if all three legs are the same length,
the result will be a well-balanced stool which will serve its purpose indefinitely - a sustainable
stool. The size of each leg represents the relative weight to each element of sustainability.
What flaws exist in this model? In other words, without the environment, humans cannot have
an economy or a socially cohesive society. Consequently, the environment cannot and should
not constitute a leg of the stool of sustainable development. According to Grossman (2012), it
is the foundation that every sustainable development paradigm, or stool, must rest on.

(3) The Egg/ 3 Nested Dependencies Model

Since its introduction by Paul Stern and associates in 1996, the 3 Nested Dependencies model
has gained widespread acceptance as a means of comprehending sustainability (P. Stern et
al. , 1996) (see Figure 1.3). The 3 Nested Dependencies Model assumes that social, eco-
nomic, and environmental elements are interrelated and mutually reinforcing. Social aspects
include people’s institutions, culture, and behavior, whereas economic factors entail the pro-
duction and consumption part. Environmental considerations include the natural resources
and ecosystems that sustain life on earth. In this paradigm, the three dependencies are lay-
ered, which means they are interconnected and influence each other. For example, social
influences can influence economic considerations, which can then influence environmental
variables. Changes in the environment can also have an impact on social and economic vari-
ables. The environment is a pre-requisite for the development of human well-being. This
viewpoint necessitates a sustainable development paradigm that prioritizes the environment.

(4) The Wedding Cake Framework

Rockstrom and Sukhdev’s (2016) organized the SDGs into layers, with economic and society
embedded like a ‘Wedding Cake’ depicted in Figure 1.4. Prof. Johan Rockstrém (Executive
Director of the Stockholm Resilience Centre and Chairman of the EAT Foundation’s Advisory
Board) and Pavan Sukhdev (Founder and CEO of Gist Advisory) presented the framework
at the 2016 EAT forum. The SDGs into three tiers: environmental as the base (consisting
of goals 6, 13, 14, and 15), social in the middle (1, 2, 3, 4, 5, 7, 11, and 16), and economic
(8, 9, 10, and 12) at the top. The layers are not equal in size, but rather the size shrinks as
they move upward, resembling a wedding cake. The reasoning behind the shrinking was to
illustrate that the size of each tier corresponded to its relative priority. The Wedding Cake
Framework does provide a new perspective on sustainable development. The core ideal of
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Figure 1.1: The Interlocking Circles model of sustainability

this model is that without a strong base, the cake will topple. In conclusion, this viewpoint
indicates that economies and societies are viewed as integral elements of the environment
(Rockstrém and Sukhdev , 2016). Its major criticism, however, is forwarded by scholars such
as Bill Scott, deputy-director of the University of Bath’s Institute for Sustainable Energy and
the Environment, arguing that the economy, rather than society, should be the intermediary
tier. For instance, the achievement of ending hunger (Goal 2) and attaining gender equality
(Goal 5) can not led to meeting economic goals like sustainable growth (Goal 8) or resilient
infrastructure (Goal 9) (Bill , 2017).

In this study, the order of layers must be determined during analysis. The sustainable
development model proposed aligns with Bill Scott’s concepts. Based on pairwise compar-
isons by experts, the economic pillar was placed in the intermediate layer of the wedding cake
framework.

(5) Prism Four Model and Other Dimensional Models

Alternative models for the sustainability triangle have recently been presented. Prisms are
one of the most intriguing of these structures. The ’prism of sustainable development’ model,
adapted from Spangenberg and Bonniot (1998), identifies four dimensions: Economic di-
mension (man-made capital); Environmental dimension (natural capital), and Social dimension
(human capital) as the base for Institutional dimension (social capital) (See Figure 1.5). Other
four-pillar models include economic, social, and environmental, with a fourth political or gover-
nance pillar (Zhang , 2013). There are also five and six-dimensional models of sustainability.

Mitja and Andrej (2016) defined the five pillars of sustainability using economic, social, environ-
mental, cultural and security aspects while in his empirical six-dimensional model of sustain-
able development, Steven et al. (2023) considered environmental protection, social harmony
and equality, sustainable production, industry and infrastructure, sustainable consumption and
socioeconomic behavior, sustainable governance, regulation and global relations, and acute
poverty reduction as pillars. The other six dimensional models of sustainability employed in
this study are the social, economic, ecological, cultural, ethical, and governance components
of sustainable development (Villeneuve et al. , 2016).



Figure 1.2: Three Legged Stool Model of sustainability

Figure 1.3: The three nested dependencies model

Figure 1.4: Wedding cake framework for sustainability
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1.2.2 Water management approaches for sustainability

There are various approaches designed to archive sustainability. Integrated Water Re-
source Management (IWRM) and Environmental Impact Assessment (EIA) are two crucial
approaches for sustainable water management. These approaches help in optimizing the use
of water resources, avoiding undesired impacts on the environment, and ensuring long-term
sustainability in water resources. In the quest for explanation about human-environment
interaction, various frameworks have been developed including Environmental Impact As-
sessment (EIA) (Finnveden and Moberg , 2005), Strengths, Weaknesses, Opportunities,
Threats analysis (Dyson , 2004), Political, Economic, Social, Technological, Legal, Ecological
analysis (Recklies , 2006), and Driving Forces, Pressures, State, Impacts, Responses
(DPSIR) framework (Kristensen, 2004). The use of these various approaches to manage
water resources depends on the way different stakeholders understand human disturbance
of waters. The management responses include prevention, mitigation, maintain or restore,
adaptation and even do nothing strategies (Perrings , 2005). In frameworks such as the
DPSIR framework, some measures aid in alleviating or avoiding human-induced pressures
on the water environment, implying a proactive decision making. While still some others start
analyzing the state of water resource based on observed hydrophysical and biogeochemical
changes in the water environment, with reactive responses to combat water problems. Most
water management approaches are under this category, mainly state or impacts oriented
(Xinggiang , 2012).

Indicators of the state of water resources are redundant (UN CSD, 2001) and issue
specific (OECD, 2003). Depending on the chosen system of description, the indicators
can vary greatly from study to study. The water environment is mainly concerned with
hydrophysical and biogeochemical changes (Xingqgiang , 2012). They describe a wide range of
characteristics, such as the quantity and quality of physical (e.g. temperature), biological (e.qg.
fish populations) and chemical phenomena (e.g. atmospheric CO, concentration) (Gabrielsen
and Bosch, 2003). Water resources serve many functions including drinking water, agriculture,
energy, production, navigation, recreation, and manufacturing. These things contribute to
water shortages, which is likely to be worsened by climate change by affecting water demand
positively while water supply negatively . This imbalance between demand and supply would
make it difficult for water managers to accommodate the interests of many water-using interest
groups at the same time. Because of the numerous connections and relationships, as well as
the multiple interactions between temperature, rainfall, and runoff and their direct or indirect
effects on agriculture, literature favors evaluating the trend of these factors to analyze the state
of water resources.



Water resource and climate trends studies are summarized into many categories based
on data type, scale (whether monthly, seasonal, or annual), and methodology. Some trend
detection studies used annual, seasonal and monthly time scales for different periods such as
studies by Francesca et al. (2007), and Zhang et al. (2015), while trends of monthly stream-
flow by Kahya and Kalayc (2004) and Shahzad et al. (2011). The methodologies includes
Mann-Kendall (MK) nonparametric test in the study by Francesca et al. (2007) and Zhang
et al. (2015), while a modified MK test by Lins and Slack (1999). Some authors employed
two or more trend tests as mentioned by a study Kahya and Kalayc (2004) that employed the
MK, Sen’s method and Sen’s innovative trend method (ITM) to examine the possible trends of
monthly stream flows. Shahzad et al. (2011) examined trends in several hydro-meteorological
variables for mean monthly data using MK test and trend-free pre-whitening approach. The
trend results reveal significant increasing trends, decreasing trends, and even insignificant
trends. Similarly, in Ethiopia, studies used various trend detection test methods such as the
Mann-Kendall (MK) trend test and Sen’s slope by Alemu and Dioha (2020) and Belay et al.
(2021), a Mann-Kendall test by Tofu and Mengistu (2023) and the Mann Kendall test, Pettitt
test and Sen’s slope estimator by Malede et al. (2022).

Over the last century, there has been a dramatic rise in the demand for water mainly
due to population growth and economic development. During the 20th century, the world’s
population increased by three times, wheras water withdrawals climbed by seven times (GWP
, 2000). The past water resources management can not able to handle the world’s water
problems. These strategies typically involve sector-based, where each sector has been
handled independently with little cross-sectoral cooperation, results dispersed and disorga-
nized development of water resources. Water, especially river basins, is used for a multitude
of purposes, many of which have unanticipated social and environmental consequences.
The land and water use in upstream river areas affects the amount and quality of water
in downstream places. In some cases, the current water crisis is the crisis of governance
than a crisis of physical scarcity, as scarce water resources are allocated inefficiently, and
social-environmental concerns are left unaddressed. This crisis in management has the
tendency to grow unless there is a paradigm shift in the way water resources are managed.
Given the drawbacks of traditional water resource management techniques, IWRM has
arisen as a means of sustainable water management (Xie , 2006). Nowadays, most water
management discussion rely on the principles of IWRM, as the primary framework for defining
water policies at all levels (Gerlak and Mukhtarov , 2015). Since the 1990s, the principles of
IWRM have received increased attention. Irrigation systems cannot achieve their intended
goals unless appropriate organizations manage, maintain, and operate them.

The paradigm shift in water resource management evolved over various periods in rela-
tion to the forms of water resource management. According to Allan (2006), the paradigm
considered water distribution and management as a political processes. It has developed new
participatory and inclusive techniques amongst different institutions in order to deal with water
conflicts, reflecting wide spectrum of efforts. This trend became clear once the definition of
sustainability was introduced in the late 1980s. IWRM coordinates water, land, and related
resource operations to optimize economic and social welfare in an equitable manner while
ensuring the sustainability of essential ecosystems. Being a cross-sectoral policy strategy, it
aimed to replace the fragmented sectoral approach to water resources and management. A
recent UNEP (2012) survey on impacts of IWRM found that integrated approaches to water
resource management have led to positive development impacts in social, economic, and
environmental aspects. Due to insufficient user involvement and weak institutional structure
for appropriate operation, maintenance, and irrigation service provision, schemes frequently
fail to reach their goals in terms of sustainability (Yami and Snyder , 2012).



Many countries make reforms to their water policy, water legislation and water resource
planning after IWRM was introduced in water management. However, countries are at
different stages of implementation. According to UNEP (2012), 82 percent of 130 countries
are implementing changes to their water laws. Still a lot, 79 percent of countries found to be in
a slow implementation as far as policy and legal changes are concerned. The survey showed
that 65 percent have developed integrated water resources management plans, as called for
in the Johannesburg Plan of Implementation, and 34 percent of countries at an advanced
stage of implementation. However, progress appears to have slowed or even regressed in
some countries since the survey conducted in 2008. Water was included in national or federal
development planning documents by about 67 percent of countries. Institutional reforms,
though slow but showing efficiency gains, have been undertaken in 71 percent of countries.
A study in Global Water Partnership (GWP) countries found that 21 percent of 95 countries
were making good progress, 53 percent were making some progress, and 26 percent in the
early stages. Out of the 85 Japan Water Forum countries, 28 percent were making good
development, 57 percent were making some progress, and 15 percent were in the early
stages ( UN-Water/WWAP , 2006). According to Kidanemariam (2009), Ethiopia has shown
that IWRM involves many changes to the existing system by creating a sense of ownership
amongst all stakeholders in the IWRM pilot project in the Berki watershed. Tamiru (2011)
also showed that the Gafarsaa catchment management in Ethiopia is not extended beyond
the buffer area of the dam so that most activities beyond this area, though prominent, were not
taken in to consideration about their effect on the water resource. There was no integration of
all stakeholders for the catchment management and budget constraints. Addis Ababa Water
and Sewerage Authority, as a stakeholder sector, did not take part in decision making for the
land related developments in the area. There was no regular meeting time for all stakeholder
sectors to deal on the issues of land developments and catchment management. The authority
collaborated with voluntary non-governmental organizations and international fund donors
on water supply programme, rather than the catchment management and environmental
rehabilitation activities.

Sustainable development is becoming recognized as a strategy that should be followed
for ecological, social, ethical, and political considerations. Environmental Impact Assessment
(EIA) processes allow for the identification of technical constraints while planning and imple-
menting sustainable development projects (Htun , 1990). The purposes of EIA are frequently
considered as a future forecast, emphasizing environmental awareness, and as a mechanism
for social learning by providing knowledge and a source of directing the development of
societal values. The Principle 17 of the United Nations Conference on Environment and
Development (UNCED) articulated the need for EIA for actions that have a significant impact
on the environment (United Nations , 1992). The anticipated potential benefit from EIA
implementation coupled with the continent’s plethora of social, economic, and environmental
challenges, EIA systems are being implemented in practically all African countries. It was
envisaged that African countries be able to use environmental assessment and management
methods to achieve sustainable development by 2015. Since these methods are built on
EIA experiences and practices in more developed countries, there is a need to establish
more comprehensive and sustainable approaches to EIA that suits Africans. That is, both
recognizing the impact of policies, programs, and projects and offering mitigation measures
as well as testing whether it is sustainable or meets sustainable development objectives
are vital. The concept of intra- and intergenerational equity can be introduced into EIA to
achieve project-level sustainable development. As a result, for EIAs shall ensure projects
in such a way that social value to communities and larger economic value to investors
may be met without depleting natural capital or straining the bounds of the environment
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( George , 1999). However, EIA will not result in sustainable development, but rather
aids (Bruhn-Tysk and Eklund , 2002). A country’s well-legislated and structured EIA does
not guarantee sustainable development unless there is effective practice (George et al. , 2020).

Studies on contribution of EIA for sustainable development in particular and evaluation
of management options are few in literature. D.Odontsetseg et al. (2009) evaluated a set of
12 management options using the MULINO Decision Support System (mDSS4) software. The
various options’ sustainability analyses demonstrated that they all achieved best on environ-
mental goals and worst on economic. Benini et al. (2010) evaluated different management
scenarios by using indicators such as loss of agricultural income, loss of agricultural surfaces,
number of artificial basins, hydrological balance, and presence of a riparian buffer using
MULINO-DSS, with equal weight given to social, environmental, and economic concerns. The
creation of artificial basins was determined to be the best scenario while current management
scenario ranked eighth out of the 13 evaluated scenarios. The sustainability assessment of
small-scale irrigation in Amhara region identified schemes like Tebi, Gulina, Alewha and Geray
to some extent performing well and others like Mahibere Genet and Mylomy have no water
totally, and Kility, Dana and Fetam actually performing badly (Bitew , 2013). In Geray irrigation
project, different soil and water conservation intervention were applied since Dergue regime
which were mostly physical measures but they did not reduce siltation from the watershed
to a minimum level, increase the base flow of the streams and increase land productivity
(Wubeshet , 1997). Cropping pattern and varieties in the project area where cereals, pulses,
vegetables, oil crops and fruit were selected primarily to serve the purpose of meeting food
requirement and source of income. The varieties were based on high yield, suitability to
agro-ecology, farmers experience, disease resistance and early maturity, etc. In both cropping
pattern and varieties the environmental and social sphere of sustainability were overlooked.

1.2.3 Overview of the concept of efficiency and models

This literature review will provide a concise overview of technical efficiency, which refers to the
optimal use of resources to produce maximum with a given resource. Various methods and
approaches have been used to measure and analyze technical efficiency. Technical efficiency
concept dates back to the works Adam Smith and David Ricardo. However, the study of
technical efficiency in its current form explained in the work of Farrell (1957), who established
the stochastic frontier approach to measuring technical efficiency. The concept is now widely
adopted in different sectors, including as agriculture, health care, and industry.

There are three types of Efficiency: technical efficiency, allocative and economic effi-
ciency. Allocative efficiency depends on the most suitable mix of inputs given the level of
prices and production technology. If a sector fails to choose an optimal mix of inputs at a given
price level, it is considered allocatively inefficient. Combining technical and allocative efficiency
results in overall efficiency. A firm is considered overall efficient when it achieves maximum
output using a specific input level and utilizes inputs at the lowest cost possible. Generally,
the term efficiency refers to technical efficiency. Efficiency is assessed by comparing actual
and optimal values of an agent’s outputs and inputs. There are two approaches technical
efficiency measurement : input-oriented and output-oriented. The output-oriented approach
asks the question, "by how much output could be expanded from a given level of inputs?"
Conversely, one could ask, "by how much can input quantities be saved without changing the
output quantity ?" This is an input-oriented measure of efficiency (Coelli and Battese , 2005).
Both input and output oriented approaches seeks to maximize the outputs, minimize the inputs
and thus maximize the efficiency.
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(1) Frontier and Non-frontier models

Prior to Farrell (1957), efficiency was measured by analyzing average input productivity
and constructing efficiency indices. The use of standard least squares methods to estimate
efficiency has been criticized since it is inconsistent with the concept of the production
function. The estimated functions are average or response functions since regression predicts
the average output, not the maximum output. The frontier technique was developed as a more
theoretically sound way to measure efficiency.

The frontier approach mostly preferred than average or response functions, and other
non-frontier models. When a frontier function is estimated, the result is based on the most
efficient firm. However, estimating an average function reflects an average firm. Frontier func-
tions provide a useful performance benchmark. It is consistent with the theoretical definition
of a production. In microeconomic theory, a production function (or frontier) is defined as the
maximum output from a given set of inputs. These advantages make the frontier methodology
popular in applied economic research (Haghiri , 2003).

(2) Parametric and Non-parametric

Frontier models can be parametric and non-parametric ( Thiam et al. , 2001). Non-parametric
models, commonly known as Data Envelopment Analysis, employ mathematical programming
techniques. These approaches do not specify a functional form for production technology or
make assumptions about the distribution of error terms. Although Data Envelopment Analysis
is not susceptible to misspecification, it is not ideal for this study due to its inability to account
for measurement errors and other statistical noise sources. Consequently, efficiency scores
may be underestimated (Hansson and Ohlmér , 2008). With non-parametric methods, any
deviation of an observation from the frontier must be attributed to inefficiency, which makes
the results highly sensitive to outliers, measurement errors, and uncertainty. The parametric
approach specifies a functional form for production technology and makes assumptions about
error term distribution. Its main advantage over the non-parametric approach is the ability to
express frontier technology in a simple mathematical form.

(3) Stochastic and Non-stochastic Frontier models

Parametric models can be classified as either non-stochastic or stochastic. The drawbacks of
non-stochastic models explained in Murillo-Zamorano (2004) is that they do not account for
statistical noise. Consequently, any deviation from the frontier is considered as inefficiency. In
deterministic frontiers, all deviations in production performance are solely due to differences
in efficiencies relative to a common family of frontiers. This approach ignores the influence of
factors outside firm’s control, such as bad weather or input supply breakdowns. By combining
the two effects of exogenous shocks, both favorable and unfavorable and inefficiency into
a single one-sided error term, and labeling the combination as inefficiency, deterministic
frontiers present a major weakness. This oversimplification can lead to misinterpretation and
is a significant limitation of these models, as noted by Farsund et al. (1980). On the other
side, the stochastic frontier model, which was independently proposed by Aigner et al. (1977)
and Meeusen and van Den Broeck (1977), solves the weaknesses of non-parametric and
non-stochastic frontier approaches by introducing a double-sided random error into model
specification. This approach considers uncontrollable factors independently of the inefficiency
component.

Technical efficiency models have indeed evolved significantly since their inception, with
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various methods and approaches being developed to measure and analyze this critical con-
cept. The stochastic frontier approach, data envelopment analysis, and malmquist productivity
index are among the most influential and widely used methods in the field. Each of these
methods has its own advantages and limitations, and their choice depends on the specific
context and research questions.

(4) Technical efficiency estimation procedure

Regarding the estimation techniques, both the one-step approach and the two-step approach
can be used to estimate household technical efficiency. In the two step procedure, we first
estimate the error component model from stochastic frontier function to determine technical
efficiency indicators. Subsequently, technical inefficiency thus obtained are regressed on ex-
planatory variables that usually represent the firms specific characteristics. However, this ap-
proach is inconsistent with the assumptions related in the distribution of inefficiency in the
estimation of technical inefficiency effect model and error component model. In the estimation
of error component model, technical inefficiency of farmer is assumed to be normally, indepen-
dently and identically distributed. However, the technical inefficiency indicators thus obtained
are assumed to have one side distribution (i.e. greater or equal zero) unless all the coefficients
of the factors considered happen to be simultaneously zero. In the first stage inefficiencies are
assumed to be identically distributed, however, in the second stage this assumption is contra-
dicted as inefficiencies are given a functional form. The second method, in one-step approach,
estimates all parameters using the maximum likelihood procedure.

1.3 Conceptual framework

A number of sustainability criteria have been developed, based on both quantifiable and qual-
itative aspects of sustainable development. The sustainability assessment requires precise
terms (Harmancioglu et al. , 2013). Environmental management is a broad, expanding, and
rapidly evolving field that affects all humans and is critical in the pursuit of sustainable devel-
opment (Barrow , 2006). Following the different sustainability assessment methodologies, this
study considers three (social, economic, and environmental) and six (social, economic, and
environmental, cultural, ethical, and governance) dimensions to evaluating how and to what
extent environmental management plan (EMP) and IWRM achieved the sustainable develop-
ment ambitions. IWRM enhances the these objectives through integrating and coordinating
various activities in a sustainable manner (Tejada-Guibert et al , 2015). It is officially recog-
nized as a new perspective to water management and a solution to sustainable development.
The EMP has also the same objective. The goal of an environmental assessment is to make
sure that developments are long lasting and do not harm the environment (Nkambwe and
Chenje , 2006). Both the EMP and the IWRM are plans for sustainable development.

Various EIA-recommended management practices developed for the scheme in EMP
are evaluated using a MULINO Decision support system (mDSS), while IWRM sustainability
is assessed using a Sustainable Development Analysis Grid (GADD), ensuring expert
participation and the use of three and six sustainability models, respectively. However, the
effectiveness of such sustainability-oriented management plans in achieving the sustainability
is dependent, and affected by the following essential aspects of sustainable development. The
representation of the relationship that the study expects to see between variables, or concepts
that the researcher wishes to investigate are provided in Figure 1.6.

1. Social views, technical efficiency, and water availability are all mediating factors. These
elements demonstrate the effect of those plans on sustainability by showing how
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and why the effect happens. The plans have an impact on social attitudes, technical
efficiency, and water availability, all of which have an effect on sustainable development.

The attitude of farmers towards sustainability influences their intentions to imple-
ment various farming practices (Creemers et al. , 2019). To support efforts toward
environmental, social, and economic sustainability, it is necessary to comprehend the
decisions of farmers within their circumstances (Grover and Gruver , 2017). The quality
of management in the scheme influences their perceptions of production, conservation,
technical efficiency, and adaptation and mitigation orientations. The perceived value of
sustainable agricultural practices, with socioeconomic positions and access to informa-
tion due to good management, all affects sustainable development. It is concluded that
emphasis on these social element could lead to a more sustainable agriculture. These
can be achieve through proper water management plans and implementations (Flsun
et al. , 2009).

Improved management practices play a crucial role in enhancing agricultural out-
put by positively impacting technical efficiency. Experience sharing and skill transfer
designed to boost the technical efficiency can be achieved by devising proper manage-
ment (Bahta et al. , 2020). If a farmer is technically inefficient, it imply that considerable
scope exists to increase output by improving farm management. Improvement in tech-
nical efficiency enables not only economic growth and prosperity but also could save
unnecessary wastage of resources that otherwise be used for the future generation.
Improving technical efficiency can be understood from a broader perspective beyond
economic gain like environmental and overall sustainability.

On the other hand, ensuring water supply reliability while meeting consumption
and environmental demands is one of the major focus area of river water resource man-
agement. This challenge is exacerbated by climate factors, be it the trend, variability and
concentration of rainfall. Water availability is in short supply, owing primarily to climate
change and ineffective management. For water allocations, some water management
decisions are more important than a possible change in climate (Steinfeld et al. , 2020).
The hydro-climatic condition in the area affects the sustainable development efforts in
the area.

. Moderating elements include sustainability dimensions, weighting frameworks, and cli-
matic change and variability. The success of EMP is contingent upon the choice between
a triple bottom line framework or a wedding cake framework. The evaluation should be
based on both striking a balance between the three pillars (considering trade off) and
adopting a long-term synergy perspective of sustainability. Climate factors determine
water availability for various uses, mainly through its effect on runoff. Climate change
have the greatest influence on water availability (Gonzélez-Villarreal et al. , 2015). The
IWRM in Africa also emphasized for its role in light of climate change (Amani et al.
2015).

1.4 Study area description

The study focuses on sustainability assessment, economic sustainability, convergence, and
hydro-climatic conditions. It includes an expert survey conducted through snowball sampling
technique, the use of the Sustainable Development Analysis Grid (GADD), Network Analysis-
Creative System-Modeling-Decision-support (NetSyMoD) approach, and mDSS software for
sustainability assessment. Furthermore, a household survey using stratified random sampling,
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stochastic frontier model, inefficiency model, exponential growth model, convergence model,
and scenario development were used to investigate economic sustainability and convergence.
Trend, variability, and elasticity measures were applied to evaluate the hydro-climatic conditions
in the Koga scheme command areas. This study area description provides an overview of the
Koga scheme, focusing on its geographical location, climate, topography, and socio-economic
aspects. The scheme aims to make progress on the livelihoods by promoting crop production,
infrastructure, and access to social services. The Koga scheme, built on Koga River, was
constructed by Ethiopian government and the African Development Fund for the purpose of
large-scale irrigation scheme for rural farmers to make 7004 hectares of land irrigation, with
the total size of the project being about 10,000 ha (Endrie et al. , 2016).

Geographical Location

The Koga scheme is situated in the Western part of Mecha Wereda in Ethiopia, covering
an area of approximately 30,000 hectares. It is located 35 kilometers from Bahir Dar city,
West Gojam Zone of the Amhara regional state, where agriculture is most common economic
activity (Asres , 2016). It spans 22,000 hectares at the dam site, which drains into the Koga
River. The river runs 64 km from its source in the Wezem area before reaching and filling
the reservoir. In the Blue Nile’'s headwaters, the Koga River is a tributary of the Gilgel Abay
River. Gilgel Abay flows into Lake Tana (Birhanu et al. , 2015). The scheme is the largest
reservoir-operated irrigation scheme in the Tana Basin. Koga Reservoir, Ethiopia (shown in
Figure 1.7a). The scheme has a catchment area of about 220 km? and a reservoir area of
about 17 km?.

Koga is a subbasin of the Abbay basin (Eriksson , 2012). The Abbay basin is located
in northwestern Ethiopia. It is known as the Blue Nile Basin internationally (Eguavoen and
Tesfai , 2012). The basin has a total area of 199,812 km?, making it Ethiopia’s second largest
river basin. The basin accounts for 20 percent of total land area, 25 percent of population,
and more than 40 percent of agricultural production (Awulachew , 2007). The Abbay river
basin is divided into 16 sub basins (shown in Figure 1.7b) based on the basin’s major rivers.
Lake Tana is the largest fresh water lake in Ethiopia located north of the Abbay River Basin
(upper Blue Nile River). It is also the source of water for the Abbay River / the Blue Nile River.
The tana sub-basin covers an area of 15,123 km? and is fed by four perennial rivers (Gilgil
Abbay, Megech, Ribb, and Gumera). Gilgel Abbay (4517 km?) in the southern part of the
Tana Basin, whereas Ribb (2156 km? ) and Gumara (1604 km? ), both in the eastern part of
the Tana Basin, are the rivers that flow to the Lake. These rivers contributes 93 percent of
the Lake’s inflow (Kebede et al. , 2006). The Gilgel Abay and Gumara rivers contributes to
roughly 70 percent of the Lake’s inflow (Tigabu et al. , 2021). There are two river gauges in the
Koga scheme which have been in operation at Wetet Abbay since 1959 and the then Ministry
of Water Resources (MoWR) installed the gauge station at the dam site in 2003 (Nigussie
and Yared, 2010) (shown Koga representing Koga Nr/@ Merawi and GA for Gilgel Abbay Nr.
Merawi in Figure 1.7a). The gauges are maintained by the MoWR Hydrology Department
(Teklie and Ashenafi , 2010). The gauging station used in the study is Koga Nr./@ Merawi
with a drainage area of 244 Sq.KM. and station number of 111003 and lies on the Koga River
before it joins the Gilgel Abbay River. On the other hand, the Gilgel Abbay Nr. Merawi gauging
station with a drainage area of 1664Sqg.KM. and station number of 111002 is located near
Wetet Abbay twon, the location is near the Gilgel Abbay River bridge on the road connecting
Addis Ababa and Bahir Dar city.
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Climate

The Koga scheme experiences a tropical climate, characterized by two distinct rainy seasons.
The average annual rainfall ranges from 1,200 to 1,500 mm, and the mean temperature is
within 18°C to 28°C (Mecha Wereda , 2018). The Merawi meteorological station (shown M
representing Merawi station and W for Wetet abbay station in Figure 1.7a) is located adjacent
to the main dam area. The station is run by the National Meteorological Services Agency
(NMSA). Moreover, the scheme is located approximately 8.5 km from the town of Merawi.

Topography

The Koga scheme is predominantly hilly and mountainous, with the elevations range from 1,800
to 2,500 meters above sea level.. The area is characterized by steep slopes, which can pose
challenges for agriculture and infrastructure development (Mecha Wereda , 2018).

Soil and Land Use

The soil in the Koga scheme is predominantly fertile, with a high potential for agricultural pro-
duction. The land is predominantly used for farming, with major crops including teff, wheat,
maize, and pulses. There is also a small area dedicated to livestock rearing, primarily for
subsistence purposes (Mecha Wereda , 2018).

Population and Settlements

The Koga scheme has a population with the majority residing in small, scattered settlements.
The settlements are predominantly rural, with limited provision of basic social services such as
education, healthcare, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>