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Editor’s Foreword

Nature has provided us with the water, the most essential resources for our life and all-round development. However, with
increasing population and unwise utilization of land and water resources, the water quality and quality is increasingly im-
pacted. - Climate change and variability is also becoming areas of concern in relation to water availability. These all call
for considering the principles of sustainable development in water resources management and utilization. Sustainable de-
velopment is the centerpiece and key to water resource quantity and quality. By acting under the principles of sustainable
development, decision making to meet the demands of economic growth will take into account the ecological imperative
to protect the environment and social equity imperative to create equal access to resources and minimize human distress.
With increasing development needs, utilization of our resources including water resources becomes of top priority. Never-
theless, utilization of resources has to consider the principles of sustainability. Sustainable development is becoming in-
creasingly on the top of development agenda.

Arba Minch University is organizing this annual symposium on “Sustainable Water Resources Development” for the last
fourteen consecutive years. Organizing this symposium has started in 1996 with the objective to create a platform to ena-
ble researchers, academia, practitioners with the involvement of development partners in the water sector and policy-
makers come together and present research findings and best practices, share ideas and experiences. The proceedings of
the symposia have been published and distributed to shareholders free of charge. Although, the organization of this sym-
posium has started with the support-of GTZ, within the framework of the Project “Germen Support for Capacity Building
of Arba Minch Water Technology Institute”, Arba Minch University has managed to sustain this platform for the last one
and half decade.

Series of symposia organized by Arba Minch University have been addressing challenges and opportunities of sustainable
development of water resources. There are six broad thematic areas covered in this 14" cycle of the sysmposium. These
are: Hydrology and Integrated Water Resources Management, Irrigation and Food Security, Water Supply and Sanitation,
Renewable Energy, Sociopolitical Aspects of Water Resources and Emerging Challenges, Dam Safety and Reservoir Sed-
imentation.

This proceeding contains papers presented, discussed and reviewed during the symposiums. We believe the information
contained in this proceeding are of paramount importance for readers’ reference. We thank all contributors to this sympo-
sium.

Editors
Dr. Mekonen Ayana, Director, Water Resources Research Center
Zerihun Anbesa, Research Coordinator, Arba Minch Institutc of Technology
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Welcome Address

By Dr. Negash Wagesho, Scientific Director, Arba Minch Institute of Techrology

Dear Distinguished Guest

Dcar University Officials

Dear Scholars and Rescarch Paper Contributors,
Dear invited Participants,

Ladies and Gentlemen,

On Behalf ol Arba Minch Institute of Technology and myscllas well I would like to welcome you all to this 14" symposi-
um on Sustainable Water Resources Development hosted by Arba Minch University, Arba Minch Institute of Technology.
Arba Minch University has been organizing and hosting the sustainable water resources development symposium in series
for the last fourteen years. Its contribution while sharing various scienlific research outputs among researchers, academic
communities and related stakeholders fron howme and abroad has been becoming manifold. The :1cade_mic forum b““gs
new and emerging scienific developments o the attention of the wider scientific community supporting thq academia.
Morcover. it addresses some of the key problems associated 1o water and environment while maintaining sustainable utili-
zation of available resources withom degrading the physical environment. The Sustainable Water resources Development
Symposium renain unique in its kind at national level and given top priority by the University and its cloSF partners
over the last decade plus years while ensuring academic and research excellence in walter resources engineering s?clor.
This has been testified from (he vost majority ot high caliber rescarch papers contributed every year. The current series of
Symposium is supporteds sponsored by Federal Water Works Design and Supervision Enterprise, German Agro Action

and Southern Regional Design, Construction & Supcrvision Enterprise. Qur two-days symposium is focusing on the
following Six thematic areas

Hydrolegy and lntegrated Water Resources
Imgation and Food Sccurity

Water Supply and Sanitation

Renewable Eneroy

Sccio-Political aspects and cmerging challenges
Dam Safety and reservoir operation

e & & & o 9

With this briel introduction I would 1

tke to invite Dr. Agena Angulo, Vice President for Academic Affairs, to deliver
apening speech.

Thank you,

ter 14
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Opening Speech
The i
Dr Agena Angulo, Arba Minch University Vice President for Academic AfTairs mente
ment
Dear Workshop Participants There
Ladies and Gentlemen, ,
jects
ten-t
It gives me a great pleasurc to deliver an opening speech for this important cvent “14" Symposium on Sustainabie Water L
Resources Development. arge
with
Water is a source of life upon which all lives depend and is the most valuable resources. The importance of water cannot on 4s
stressed cnough. Globally, there is plenty of water but only limited amount is available for use. The availability and acces-
sibility of this vital natural resource is Murther (reated by lack of technical and cconomic capability to harmess the available In m
water in some regions and scarcity and quality constraints in other regions. Ethiopia belongs (o regions where Jack of tech- Ther
nical and economic capabilitics is limiting the development of water resources, tion
. and 1
Ladics and Gentlemen,
i st B g ; : . Ladi
Today almost hall of the world population is still going through a preat hardship because of water related problems. In d
particular, in the horn off Africa millions of people have been severely alfected by recurrent floods and droughts. As one Qur
of ihe poorest country, Ethiopia is the most vulnerable countrics (o such extrene hydr()l()gjcnl events. Millions of people e
are still facing food insecurity, making food security a primary objcctive for the nation. The largest proportion 0““? popu- Wies
lation relies on agriculture for their livelihoods, and increasing droughts and flooding arc causing major rural crises. In e
particular, droughts in 2003, 2009, and 2011 showed once again how vulncrable the population is. -
Fthiopia’'s agricultural sysicm is primarily rain-fed, but parts of the country arc pronc 10 droughts and flooding. O.ur capac- reac
ity to project the scverity and frequency of drought and fiood cvents is low. According (o predictions of the clm’ch ex- -
perts, itis likely that, in the coming future. we will be faced with an increasing number of floods and droughts. 115 1n ad- sfies
dition expected that climate change will have an effect on the water cycle and biodiversity. i
To tackle these challenges, Ethiopia has been implementing (he principles of “grow g cen” as described in i SITALEEY for |
climate resilicnt green cconomy. The ooal of this strategy is to quickly 1mprove the living conditions of our people by ;
i ) N 3 ; ! A = notenu | r
reaching a middle-income status by 2025 bascad on carbon-neutral growth. With huge untapped resources potenual like 0
water. we have good prospects [0 grow According (o its chimale resilient green cconomy strategy. Ethiopia 1s planning to for
develop the green ccononty based on four pillars: Lac
1. Improving crop and livestock production practices 10 increase food yields, hence food securitv and farmer m.‘ Fin
come, while reducing emissions &
5 Protecting and re-cstablishing (orests for their economic and ccosystem services, including services as carbon [th
stocks
. . . 1w
3. Expanding clectric power generation from rencwable sources of encrgy fivefold over the next five years lor mar-
’ . . : e Th
kets at home and in neighboring countrics
4. Leapfrogging (o modern and energy-elficient (eclinologies in (ransport, industry, and buildings.
This strategy is designed (0 address both climate change adaptation and mitigation objectives. As underlined by our lat¢
Prime Minister Mcles Zenawi ™ green growth is a necessity as well as an opportunity to be seized. It is an opportunity 10
realize our country’s huge potential in rencwable cnergy and a necessity so as 1o arrest agro-ccological degradauon that
threatens to trap millions of our citizens in poverty”.
Ethiopia has huge natural resources Lo generate a1l the clean energy it needs and to decouple its economy from the fluctual
ing prices and unsustainable nature of the oil-based cconomy. Our country is well positioned and moving fast to contribut
to developing a green global cconomy.
w
1
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The implementation of mega development projects such as Ethiopian Grand Renaissance Dam and many others imple-
mented and planned hydro-clectric power plants as well as nationwide afforestation activities are signifying our commit-

ment Lo green growth.

There arc also many other water centered development projects in the pipeline like large-scale sugar estate irrigation pro-
jects that will have significant contribution not only to the national cconomy but also create employment opportunities for

ten-thousands ol people.
e over several years. However,

Large-scale projects are created with huge investment and hence they are expected to operat
g, over-cultivation and so

with the current land use practices which is characterized by increased deforestation, overgrazin
on as well as the resulting land degradation and soil crosion, the uscful life of many projects will be treated.

In many arcas, we are facing silting-up of water storage structures like dams and reservoirs as well as irrigation canals.
There are watershed development endeavors here and there throughout the country in the form of soil and water conserva-
tion activities. Managing water is about managing land and its uses. Therefore, there is a nced for integrated development

and management of resources 1o sustain the positive impacts of our projects.

Ladies and Gentlemen,

Our country is making enormous progress in capacity building through education, training and technology transfer. Lack
this history is in the course of change.

of capacity has been hindering the country from utilization of ils resources. Now
al role in this

We arc launching several projects uscful for generation by own capacity in all sectors. Universities have cruci

arena. They represent center of knowledge and technology vital for economic development the country. The barrier be-

tween university and industry need to be removed. Research results and technologies generated by universities need (o
reach end-users and translated to development.
Arba Minch University has been organizing such symposium for last 14 years. Sustaining this cvent over these years

shows how the university is committed to create platform for sharing experiences and research results among professionals

in the water and related sectors.

[ am aware that several research papers addressing various areas of water resources management are selected and ready

for oral and poster presentation.
for sharing ideas and experiences in waler resources management.

Ladies and Gentlemen,

Finally, ] would like to thank the financial contribution of Water Works Design and Supervision Enterprise, German Agro

Action and South Design, Construction Supervision Enterprise.

I thank also the organizing commitice of this symposium who has worked hard to make this important event a reality.

I wish you fruitful deliberations during these two days and declare that the symposium is officially opened.

Thank You.
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Closing Remarks

Dr. Feleke Woldeyes, Arba Minch University President

Dear Speakers,

Invited guests,
Symposium participants
Ladies and Gentlemen,

Water is crucially needed in all aspects of Human life. Ethiopia is characterized as a country with huge physical water 1¢-

sources. However, it is constrained by economic and technical water scarcity. As a result the country could not utilize its
some regions of the country are suffering from re-

patural resources for socio-economic development of its nation. While
f (he country is highly vulnerable to climate

current droughts other parts are affected by flood. Rain-fed based economy 0O
variability.

Lack of capacity has been considered as one of the major bottlenecks for our inability to use our natural resources. In re-
cent years the country is committing huge investment in capacity building. We can alrcady see the fruits of these endeav-
ors. The facts that the country is implementing several projects by its own capacity are evidences for this. The role of wa-
ter in all development sectors is crucial. This is why efficient utilization of water of water is given due atiention in all of
our development strategies. The commitment of the country (o build climate resilient green economy is one of such strate-
gies. Ethiopian Grand Renaissance Dam is part of the implementation of this “grow green” stralegy.

ironmental friendly and emission neutral way. These are just

encouraging starts and by no means reason for satisfaction. Still our water supply and sanitation coverage is low (with lots
of schemes malfunctioning). Irrigation and hydropower development is also low. Watershed degradation, soil erosion and
declining of soil fertility are threatening agricultural production and lence food sccurity. Apart from agriculture, other
water use sectors such as industries and municipality are growing. All these suggest {hat there is a need for inlegrated and

We have stated to develop our natural resources in an env

sustainable development and management of our Tesources.

Universities, as center of creation and incubation of knowledge and technology are expected to aggressively contribute to
these development endeavors of the country. We need to develop culture of sharing ideas, knowledge and experiences.

Arba Minch University has been organizing such symposiunm on Sustainable Water Resources Developiment for the last
consecutive 14 years. The objectives, as you can sce on the publications, is to create a platform for rescarchers, profession-
als from wider ranges of disciplines such as water resources, Cncrgy, environment, agricuiture, and climate change as well
as practitioners, decision-makers and development agenis to come together and share cxpericnces and knowledge by pre-
senting papers, displaying products and technologies that address sustainable water resources management and develop-
ment.

Ladies and Gentlemen,

I am informed that during these two days, a total of 23 papers (19 as oral presentation and 4 as poster presentations) were
cou.nnumcated and discussed. I hope this platform has provided you an opportunity to come together and share ideas, ex
periences and knowledge. After passing through reviews, the papers are published and distributed for wider use

Finally, T would like to thank the financial contribution of Water Works Design and Supervision Enterprise, German Ag0

Now I declare that the 14" Symposium on Sustainable Water Resources Development is officially close
Wish you safe journey back home.

Thank you .
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Panel Presentation

Major Challenges and Prospects for Sustainable Water Resources Development in Ethiopia

Professor Tenalem Ayenew, School of Earth Sciences, Addis Ababa University

Presentation outline

¢ General Issues

¢ Overview of Ethiopia's Water Resources

¢ Status of Water Resources Utilization in Ethiopia

e Major Challenges for Sustainable Development

e Prospects and Development trends

¢ Conclusions

General

¢ Water Resources: Surface water (lakes,, rivers) and groundwater (baseflows, water from wells and springs) ;

¢ Water Uses (Utilization) — Community water supply, industrial, irrigation, energy generation, navigation, beauti-
fication and as hosts for biological resources

¢ Sustainability — The quality of not being harmful to the Environment or depleting natural resources, and thereby
supporting long-term ecological balance

¢ Challenges for Sustainable Utilization - comes from man-made and natural factors

Overview of Ethiopia’s Water Resources

(4
¢

Ethiopia is considered by many as the water tower of Northeast Africa
Ethiopia has enormous water resources potential (lakes, rivers, groundwater) — However, it is unevenly distribut-

ed, with water quality challenges and complex geology
It has many large untapped rivers draining to neighboring countrives (over 110 billon m” annual flow)

Little known large groundwater potential (2.5 - 35 billion m’)

Water uses in Ethiopia

L
¢

Ethiopia has economic water scarcity but not physical water scarcity
Water resources development in Ethiopia is at its infancy. However there is encrouging development trends in

some seclors
Groundwater is the most important water supply source for community (both urban and rural)
o

Except the most notable example of the Awash basin irrigation system there are no large commercial farms using

irrigation system
The water supply coverage is rapidly increasing (recent figure for rural areas reach 70% and for urban >90%)

Industrial water use is also extremely low (mostly extracted from groundwater)

Major challenges (man made)

¢

* & S O o o

Uncontrolled pumping of lakes (Abiyata. Haromava, Afdera)
Potential environmental changes of some lakes and rivers (eg. Tana. Abaya, Akaki, Meki etc.)
Groundwater mining (Akaki well field and Aynalem well fields)

Erosion and sedimentation (siltation of lakes and reservoirs)
Uncontrolled release of water in irrigation fields and expansion of lakes and infrastructural damages

Salinization of irrigation fields

Pollution of lakes and rivers

10

water 14 (1)

Gener ated by CantScanner fromintsig.com

e

—




® © & o o o

Major challenges (natural?)

L4

® ¢ o o ¢

L4

. ) ;i nt
Encouraging development towards sustainable water resources development

¢

® & & o o o o o

Pollution of lakes (agricultural and industrial) iocts
Inappropriate workmanship in water resources development proj
Poor quality construction materials

Limited capacity in operation and maintenance

Limited capacity in monitoring systems (especially groundwater)
Limited private sector involvement

Climate change (Extreme cvents) _

Poor water quality ( Muoride, salinity, temperature, heavy metals, iron, (c.)
Complexity in geology and geomorphology

Urbanization, industrialization and agrochemicals

Ethiopia's geographic position (hydropolitics)

Limited private sector involvement and corruption

Policy and legal frameworks

Construction of dams for hydropower (eg. GRD, Give 3, Tana-Belcs, Tckeze) .

Large scale irrigation development (Kesem-Tendaho, Rib, Koga, Kuraz, Koga, Rib, etc.)
Groundwater use for irrigation (eg. Raya-Kobo , Aysha-Dewole elc.)

Better WASH coverage

Growing capacity in groundwater drilling and delivery of construction materials
Establishment of new RBOs <

National initiatives for large-scale soil and water conservation practices

More (rained man-power and establishment of national database and monitoring

Conclusions

¢

Water resources development and manageinent in Ethiopia faces a number of problems which are aggravated by
changes in climate change. Addressi ng this, requires an integrated approach

IWRM is vital for sustainable water resources development. It links knowledge and understanding of the re-
source to the demand side of water resources development and management,

Education and training (capacity building) along with increased private sector involvement in the water resources
development activities are key issues

Create effective system for collecting, storing and transmitting hydrological and hydrogeological data. This leads
knowledge —based decisions

A concreted effort has to be made to understand in detail the available water resources (mainly groundwater). But
ultimately we have to go from understanding to proper management.
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Seasonally Varied Model (SVM) Used for the OP

dropower Reservoirs

Tilahun Derib Asfaw

Water Works Design and Supervis_ion
Addis Ababa, Ethiopia

Abstract

Seasonally varied model (SVM) is developed to operale a cascadi
cept of refills and depletes ranking orders. The aim is to maximize the fota
critical period is divided into four seasons. A specific model was developed
reservoirs. Annual power generated using SVM was compared to the long-ferm !
result showed that with the same annual volume of release, the power generatior
generation by 2%. This is equivalent to an additional of 4.56 MW per day.

Keywords: Cascading Reservoirs, Hydropower, Seasons, SVM

1. Introduction

The real-world reservoir operation is complex [1], [2].
Moreover, the operation of cascading reservoirs are the
most complex because of recapturing of flows [3]. Some
of the main reasons that arises the complexity of reservoir
operation are conflicts between objectives, stochastic na-
ture of hydrological events, and dynamic nature of de-
mands. Hence, optimal management and careful planning
is necessary [4]. Rule curves are guidelines for long-term
reservoir operation [5]. Different models and algorithms
were developed to find reservoirs operation rules [6]. Dy-
namic programming neural-network simplex model to
develop refill operation [7], an integrated rough set ap-
proach [8], and hedging rule [9], [10] were some of the
methods employed. Researchers have developed and veri-
fied reservoir operation models using various optimization
techniques.

This paper emphasizes the development of seasonally
varied model (SVM), and it was applied on the operation
of the four Perak cascading hydroelectric power reservoirs
namely Temenggor, Bersia, Kenering and Chenderoh
from upstream to downstream respectively, which are
located in the state of Perak of Malaysia. The objective
was to maximize the total annual hydroelectric power gen-
erated from the cascading scheme. The model is devel-
oped with the concepts of refills and depletes ranking or-
ders of the reservoirs. In addition, the critical period (CP)
is classified into various seasons according to the state of
the reservoirs. CP is the longest time over which a full
reservoir goes to empty and to full again [11]. The length
of operational period was equivalent to the length of CP.

water 14 (1)

timal Operation of Cascade Hy.

Enterprise

1g of four hydroelectric power re:‘servoirs With the con.
| annual power generation of the Scheme, The
Jor each season according lo the stqy, of th,
historically average (HA) generayeq The
2 using the SVM has improveq the

To study the CP, the long-term historical data of the head.
race level variation of the most upstream reservoir, i o
Temenggor was used since the inflow of the other three
downstream reservoirs mainly relied on the release of h,

preceding reservoir.

2.. Background

Perak cascading reservoirs were located in the state of
Perak of Peninsular Malaysia. The reservoirs were cop.
structed along the Perak River; it is the second longest
river in Peninsular Malaysia. Along the river Temengor,
Bersia, Kenering and Chendroh reservoirs were construct-
ed in cascade from upsiream to downstream respectively,
The distance between Temenggor to Bersia is 19 ki, Ber-
sia to Kenering is 51 km and Kenering to Chenderoh is 48
km. The main purposes of the reservoirs are to generate
hydroelectric power and to mitigate flood. The total cas-
cading potential is 578 MW it constitutes about 27.7% of
the total country’s hydroclectric power developed up to
the year 2008 [12]. The entire four reservoirs had different
generation and storage capacity. The largest storage and
generation capacity plant is Temenggor. 1ts storage capac-
ity is 6050 Mm3 with a gencration potential of 348 MW.
The smallest storage capacity among the cascading
scheme is Bersia, 70 Mm3 and smallest generation capaci-
ty plant is Chenderoh, 38 MW. The largest storage capaci-

ty in the system is hundred times that of the smallest
(Bersia).

The largest power plant generation capacity is about nine
times the smallest (Chenderoh).

13
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mal effective headrace level during the period of low ﬂou;n
3. Methods With deplete ranking order; reservoirs enhance the capaci-

3.1. Development of SVM ty of recapturing of inflow within the operation period.

Deplete ranking was determined using storage effective-
ness ratio (SER). SER was evaluated separately for each
reservoir. Depletion of a reservoir was accomplished in
order from the lowest to highest SER value.

The general statistical tests were conducted to analyze the
overview of the long-term historical data of Perak cascad-
ing reservoirs operation. Fig. | shows the flowchart used
to develop SVM. The missing data were filled with vari-
ous techniques. Specifically the missing rainfall data were 3.2. Optimal power generation based on ranking
filled with inverse weighting method. Moreover, z-score,
box-plot and eyeball methods were used to detect and (o )
correct outliers’ data. Twenty years (1991-2010) daily data ~ The seasonal water balance of each reservoir was &?vaJuat-
of the headrace level variation of Temenggor reservoir  ed on weekly basis. The change in storage volume is equal
was used. It showed four distinct states of the reservoirs.  the product of average of water surface area between the
The [irst state was a continuous refill of the reservoir. Al-  two elevations and the corresponding change in head:acg
ter reaching at a relatively peak level, the second state  level (1). The value of change of headrace level was posi-
stayed at peak level for a certain period. The third state  tive during RS and negative for DS, while it was nearly
was depletion. When the reservoir reached at minimum  zero during LLOS and ULOS. The change of headrace
operation level, it was maintained at that level for a cemain~ level with respect to time during a specific season was a
; period until refill starts. This period was referred to a predetermined value. The value depends on the length of
fourth state of the reservoirs, Accordingly each state is  the season and the range of operating head of the reser-
known as a season. The seasons are termed as: the refill voir. A scasonal constant was introduced to analyze a
f season (RS), [ollowed by upper level operating season  small incremental of headrace level in a week. The season-
(ULOS), the third is deplete scason (DS) and the last is  al constant was varied between negative one and positive

order

3 lower level operating season (LLOS). All seasons repeat  onc. Iniually analysis was conducted with the assumption
themselves once per year in the order of RS — ULOS - DS of the current rate of release less than the permissible max-
-LLOS. imum value. Equation (3) was used 10 compute the rate of

the release based on the assumed condition. If the assump-
tion is valid. the computed rate of release is the actual val-
ue. Otherwise, the allernative condition is used (2). The
lotal seasonal power generaled is the sum the entire power
generated from each plant in the cascading system (4).
Equation (5) was used 1o compute the average annual hy-
droelectric power generated, P. The result found from
SVM was compared 1o the HA operated values. The per-

formance of the model was presented in accordance of the
comparative results.

RS and DS require ranking order to optimize and to man-
age the inflow volume. The refill ranking was made with
| the consideration to enhance the total annual energy stor-
age 1n the reservoirs and o minimize the expected volume
of spill. The refill ranking order of the four Perak cascad-
ing reservoirs was developed using the concept found
from Jain and Singh [13]. The ranking Wwas accomplished
by considering of the reservoirs storage capacities and the
sensilivity of power production to the change of storage
volume (that affects the headrace level of the Teservoir).
The change of headrace per storage was determined with
the addition of a constant inflow volume to the TeServoir,
In addition, the headrace level was computed from the
stage-storage relationship curve. The refill began from the
higher value of power production with storage volume,
and followed by the next lower value. It was based on the
descending orders of the value of unit change head per
change in storage. Moreover, the depletion order was ac-
complished with the adjustment of-the release rate. Hence,
the question was which reservoir depletes first and in what
order depletion can be accomplished? Deplete ranking
order set the priority of the reservoirs level that to be low-
ered first. The aim of deplete ranking was (o find the opti-
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Where S, 4., k., I, R,and P,are the storage volume, the
waler surface arcas, the stage, the rate of inflow, the rate
of relcase and the power generated for reservoir i during
the period of / respectively; w,, Ah,.., h. i, R.and R,
are the season constant, the difference between warning
level and minimum operating level, the tailrace level, the
overall plant efficiency, the minimum and the maximum
rate of turbine release of reservoir 7 respectively during
the scason j; 4r and g, are the time-step of analysis and the
total length of the season j.

4. Results and Discussions

4.1. Optimal Strategy of the Seasonal Operation

The approach used for operating Perak cascading reser-
voirs based of scasonally varied model (SVM) has im-
proved the annual average hydroelectric power generaled.
Fig. 2 shows the SVM rule curve for each reservoir. A
relative stage (ordinate of Fig. 2) of zero indicates the
minimum operating level, while value of one shows the
warning level of the respecting reservoirs. The rule
showed, Temenggor reservoir continuously depleting from
February to August and the refill starts from the mid of
September. Generally, the rule on Temenggor reservoir
indicated that maintaining at higher level (above wamning
level) does not led to optimal condition. Moreover, (he
period that Temenggor reservoir stayed at LLOS was
small. However, Bersia stayed the longest period at both

ULOS and LLOS compared to any others reservoir.

4.2. Variation of Headrace Level and Release
Rate

The headrace level and the rate of turbine release were
found to be the governing parameters on hydroelectric
power generation. Even though the sensitivity

of both parameters depended on the stage-storage relation-
ships of a reservoir, the increment of both values was of
significant advantage (o the power production. Fig. 3 and
4 show the variation of headrace level and the correspond-
ing turbine release rate decision using SVM and HA re-
spectively.

The result of headrace level using HA was over the corre-
sponding of SVM in most pericds of the operation. The
rate of release using HA was varied between 100 and 250
ma/s, whercas for SVM between 50 to 250 ms/s. Accord-
ing to SVM, refill was accomplished with the reduction of
the rate of release. However, for HA case the refill was
practiced during high inflow period. From February to
August, the results of SVM showed the rate of release for
all reservoirs was above 150 ms/s; moreover, the headrace
level was below the corresponding of HA during that peri-
od.

1.20
# — Temenggor
| —— Bersia
20.80, —e— Kenering
8 ) —+— Chenderch
7] \
o
B
=040 4
&
0.00 - N 5 W & A i% T T T
o 5 "B el £ = e 9 = B 5
s 4 & &§ 3 &2-2 8§ © 2 & &

Figure 2: Reservoir rule curve using the concept of refill and deplete ranking orders
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Figure 3: Variation of headrace level

Table 1: The comparative hydroelectric power generated using HA and SVM

Crteria Unit | Temenggor | Bersia | Kenering | Chenderoh | Total
Potential = (a) MW 348 72 120 38 578
HA generated = (b) MW | 10957 | 3139 | 56.90 3021 |22807
SVM generated = (c) MW | 11004 | 3201 | 5621 3437 | 23263
Power mcrement = (c-b)b | % 0.43 1.98 =154 13“77 2.00
Plant Factor (HA) = b/a % 3149 | 4360 | 4749 79'50 39.46

Plant Factor (SVM) = ¢/a % 31.62

| 4446 | 46.84 9045 | 4025
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Figure 4: Release decision of SVM and HA

5. Conclusions

The length of each season directly influences the total
annual power generated {rom the cascading scheme. Oper-
ation of reservoirs using scasonally varied model (SVM)
requires the decision on the start and the end period of
each season. The exact starts and ends period require the
subjective judgment of the operator and the prevailing
hydro-metrological conditions of the caichment arca. The
most important periods which highly influence the maxi-
mization of the total hydroelectric power generation from
cascading plants were the refill season (RS) and the de-
plete season (DS); the reason was both seasons had a great
impact on the cffective head of water. Effective head of
water was one of the major parameters in hydroelectric
power generation. Generally, the change of headrace level
with change of storage volume was higher for smaller
reservoir. Moreover, the change of power generation with
the change in storage volume was also high for smaller

[EeServoir.

SVM has improved the total average annual power gener-
ation from Perak cascading plants. Table 1 indicates that,
with the exception of Kenering plant, the power generated
with SVM has generally improved. The main reason was
due 1o the limitation of Chenderoh reservoir operation.
According to the rule, the release from Kenering reservoir

is not greater than the sum of maximum turbine release’

and available storage space of Chenderoh reservoir. If the
available storage capacity of Chenderoh reservoir is small,
then the release made from Kenering will be forced to
reduce. The rule showed the releasc of preceding reservoir
relied on the capacity of the succeeding reservoir.
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Abstract

Shallow groumdwater is a commonly preferred source of water by rural households as il provides individual access lo
waler. 1l is less sensitive to climatic fluctuation and enables crop production in dry season. As a resull, shallow ground-
waler use for household irrigation is an important strategy to alleviate poverty. Dangila is one of the woredas in Ethiopia
with some experience of shallow groundwarer use for household irrigation. However, distribution of the resource is une-
ven across the woreda. In 2013, the total number of hand dug wells in the rural kebeles was 2281 which suggests one well
per 11 households on average. Depth of hand dug wells in Dangila varies between 6 and 23 meters. According to the plan
of woreda agriculture office, each household should irrigate at least 0.125 ha of its backyard using a hand dug well. This
plan, however, does not recognize ithat not all households are situated in shallow groundwater polential area. A critical
concern is also whether the available groundwaler can sustainably meet demands of various users such as domeslic, live-
stock and environmental water demands. Currenily, there are some individual households with up to eight wells in their
backyard. This is an early indication that overexploitation is eminent unless the resource is allocated and managed wise-
ly. Some of the concerns of shallow groundwater development in Dangila can be addressed by hydro-meteorological mon-
iforing, resource assessment, infroducing adaplive management tools and improved access (o technology (well drilling,

waler lifiing and water saving).

1. Background

Groundwater is a strategic resource o leverage povertly
alleviation and economic growth. Smallholder groundwa-
ter irrigation (GWI) is scen as an important vehicle to pro-
mote (especially rural) poverty alleviation, food security
(at various scales, from local to global), land and labor
productivity, rural employment, general cconomic devel-
opment and adaptation (o increasing climate variability
(Ngigi, 2009). Farmers prefer groundwater as it offers
individual mode of access to users and flexible water ap-
plication — readily available on demand. As a result, GWI
users are involved in less conflict with other users of the
resource. To utilize groundwater for irrigation, farmers do
not necessarily need to have farmland closc (o a river.
Compared with surface water sources, groundwater is less
sensitive to effects of climate variability and change. It is
known to be a reliable source of water in both dry and wet
seasons. As a result, GWI helps to cope with current vul-
nerabilities of rain-fed agriculture and enhance adaptive
capacity of smallholder farmers.

Promoting groundwater use for irrigation is a major part of
the stralegy of the government of Ethiopia to alleviate
poverty and boost agricultural productivity. The Agricul-

water 14 (1)

tural Transformation Agency (ATA) of Ethiopia projects
that houschold irrigation technologies can lead to over
500,000 ha irrigated land (doubling existing irrigation);
>650,000 farming houscholds to become agricultural en-
trepreneurs, increase of family income and food security
for almost 5 million Ethiopians; and addition of $600 mil-
lion USD and 30,000 jobs to the national economy
(www.ata.gov.ct/). Development of shallow groundwater
for houschold irrigation is crucial in this regard.

Villholth (2013} identifies Ethiopia as one of the promis-
ing countries in Sub-Saharan Africa with rapid current
GWI development yet with untapped physical potential.
Some parts of the country are alrcady benefiting from
shallow groundwater by new trees, plants, and cultivating
of highly valued crops, improvement of the households
feeding habits and generation of regular income; and intro-
duction and adoption of water lifting technologies
(Tadesse et al., 2008).For many parts of Ethiopia, howev-
er, access to technology is one of the major barriers of
GWI development. For instance, groundwater lifting and
crop watering requires considerable household labor and
time since water is often hand lifted. This can affect the
size of irrigated land and type of crops grown.

20
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There are complex issues involved in the debate about the
use of shallow groundwater for irrigation. Some countries
already experienced intensive groundwater irrigation and
its consequences. First of all, it is a “highly decentralized
resource” as groundwater wells are ofien owned by indi-

viduals. Some refer to existing groundwater developments
as “Silent Revolution”. There is little planning and man-

agement of groundwater development. Tmpacts of poor
management and planning of groundwater use include
overexploitation, deterioration of water quality, and eco-
logical impacts such as river reaches are converted from
“gaining” reaches to “losing” reaches. Research on GWI
in SSA more generally has remained fragmented, anecdo-
taland focused on certain geographic regions or topics
(Villholth, 2013). Research on vulnerability of shallow
groundwater is limited in Ethiopia. As a result, impacts of
various pressures (climate change, land cover change and
water abstraction) on the shallow groundwater resource
are not known to the desired extent.

In this study, we assess the existing situation of shallow
groundwater irrigation (SGI) in Dangila woreda. The situ-
ation is assessed based on field visits, key informant inter-
views and well inventories made by the woreda agricul-
ture and water offices. This information was collected as
part of Adaptive Management of Groundwater Resources

w E
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for Small Scale Trrigation in  Sub-Saharay Al 'Ca\
(AMGRAF) project which l?ad las?cd for one Year i

2013/14. AMGRAF aimed at improving the eviden, bag

on groundwater availabilit).l and management j, d
Saharan Africa (SSA). Dangila was S-elecled as a pily iy
for AMGRAF as it is one of l_hc .Agncul.tural Growt Prg.
gram (AGP) woreds as of Ethiopia and since there jg g

o Omg
experience of shallow groundwater utilization.

2. Study area

The top-down administrative stmctur; of Ethiopia folloy
Region-Zone-Woreda-Kebele TESpGCl'IV.Cly, Dangila i -
of the woredas of the Awi Zone Administration of Amhgg,
region. Dangila has 27 rural kebeles among whicy 16
kebeles have perennial access 1o river water. It is locateq
at 36.847 degrees longitude, 11.254 degrees latituge aud
2140 mas.l. altitude. Itis situated along the Addis Abap,.
Bahir Dar road at a distance of about 80 km southwes of
Bahir Dar town. There are three major towns along (he
road between Bahir Dar and Dangila. These towns ag
Merawi, Wotet Abbay and Durbete. The two neareg
towns to Dangila on the road to Addis Ababa are Addi
Kidam and Enjibara.
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Figure 1: Administrative boundary of the rural kebeles of Dangila woreda
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Dangila has a sub-tropical (*Woina Dega”) climate. Daily
minimum and maximum temperature show weak scasonal
variation. The annual average of minimum, maximum and
average daily tempcrature is 8.4, 24.3 and 16.4 degree
Celsius respectively. Its annual rainfall amount is between
1400 — 1800 mm (Figure 1). Its terrain is undulating with
lowest elevated areas situated in the weslern part.

The major geological outcrops in Dangila area are tertiary
and quatemary volcanic rocks and alluvial deposit mainly
along watcr courses. In some places, the alluvial deposits
are thick enough to store water for houschold irrigation
and domestic water supply. Different lincaments predomi-
nates Dangila and neighboring woredas. Linear features
provide pathways for groundwater movements.

Reports of well drilling for the town water supply indicat-
ed outcrops of weathered and vesicular basalt along the
river northeast of Dangila town, vesicular basalts on the
flat lands, and vesicular and fractured basalts around 2 km
north of the town.

3. Data

The situation analysis presented in this paper is presented
based on a ficld work which was undertaken from Seplem-
ber 15 10 20 of 2013. The purpose of the field visit was to
identify villages (“kebeles”) to pilot the AMGRAF pro-
ject. The villages were identified through: (i) ficld assess-
ment to investigate availability of shallow groundwater
resource and experience of its use for irrigation and (ii)
discussion with experts from the Dangila Agriculture and
Water Bureaus. The experts have morc than a decade
working cxperience in the woreda and therefore have great
knowledge of SGI in the study arca.

A checklist that guided the discussion with stakeholders
was prepared ahead of time. The experts of the Dangila
Agriculture office and the rescarch team revisited the
checklist in order to add missing issues that were not ini-
tially included. The main information gathered based on
the experts inputs included household characteristics;
landholding; access to market; small scale irrigation expe-
rience; sources of irrigation waler; use of water lifting and

saving technologics; and groundwater well information.
Annual or quarterly reports of the agriculture and water
offices were also found helpful to complement the infor-
mation provided by the experts.

The criteria that guided the selection of potential interven-
tion kebeles included (i) access to market and road type as
proxy to adoption of groundwater irrigation,; (ii) experi-
ence with small scale irrigation and SGI; (iii) case of dig-
ging wells; and (iii) shallow groundwater potential. These
criteria were evaluated based on experts’ knowledge of the
study arca. We also estimated terrain slope and wetness
index of each kebele based on the Digital Elevation Model
(DEM) of the study area which has a resolution of 90 m x
90 m. These two variables can serve as a proxy to shallow
groundwater potential. The wetess index sets catchment
area in relation to the slope gradient. The wetness index
(w) is the natural Jogarithm of flow contributing area di-
vided by tangent of terrain slope. It represents spatial dis-
tribution and zones of saturation or variable sources for
runoff generation.

4. Shallow groundwater irrigation

The Amhara Regional State Burcau of Water Resource
Development classifies groundwater wells into three clas-
ses based on depth of wells and the type of well drilling
technology. These classes are (i) hand dug wells, (ii) shal-
low wells, and (iii) deep wells as presented in Table 1. '

Hand dug wells have a depth of less than 25 m and often
provide access Lo the unconfined aquifer. Shallow wells
have a depth between 25 and 75 m. Excavation of these
types of wells cannot be done by human labor and there-
fore requires hiring machinery. To our knowledge there
are only three shallow wells in Dangila which are drilled
in Gumederi, Afesa and Dubi kebeles. These shallow wells
are used only for domestic water supply. In this study, the
terms hand dug wells and shallow wells are used inter-
changeably with both referring to manually dug wells with
depths less than 25m.

Table 1: Classification of groundwater wells as defined and used by the Amhara Regional State

Bureau of Water Resource Development as of 2014

Depth below Current Use No.of Welisin ~ Remark
ground surface Dangila woreda
(m) __
Handdug <25 I:rigatio:n and 2281 Well digging 1s by human labor
wells Domestic water
supply

Shallow 25-75 Domestic water 3

Well drilling 1s by complicated and

22

wells supply expensive drill rig under the supervision of
‘ the Water Bureau
Deep >75 Domestic water 11 (includes non-  Well drilling is by heavy machineries under
wells supply functional) the supervision of the Water Bureau who
hires contractors for drilling
waier 14 (1)
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>15%. .
4.1. Terrain slope and wetness index The Topographic wetness Index (7 WI) has become 5 Pop.
" , . .
; nfer informatio
Topography data is the most readily available source of ular and widely used way 101 o : N aboy the
information that can be used to assess runoff generation spatial distribution of wetness coD 1f0ns ('l.e. the POsitig,
and groundwater availability. For instance, terrain slope ¢ shallow groundwater {ables and soil moisture) (Grabg .
can affect runoff generation, groundwater recharge and 1 2009). TWI integrates flow contributing area anq fer.
discharge. Infiltration is gencrally low and runoff is high a s 1 .Which is used as a measure of subsurface latery)
over steep terrain. This may result in low recharge and ™IS O.pc- i1y 1t is based on the assumption tha( groyy,
deep groundwater table. However, water table can be shal- transmissivity. . wolled bysurd )
low i ble and movement are con ¥ surlace topog,
ow in flat arcas as a result of upward movement of water (ablc ¢ ind g hi
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groundwater in responsc (o a shifl (rom steep to flat ter- raphy. High Vd _ - 1), Dengest
rain. There exists large slope variation across Dangila  groundwater potential (Flgurle 3). geshla, Wiy
woreda suggesting spatial differences in shallow ground-  asha and Zurzur have the highest shallow groundwye,
water potential (Figure 2). The slope values range between potential as inferred from their high wetness index. Hoy,.
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4.2. Groundwater in Dangila woreda

In Dangila, groundwater occurs in both confined and un-
confined aquifers which are separated by fresh basalts and
clay layer. The highly weathered and fractured basalts are
interconnected to allow groundwater movement and stor-
age. Some deep well drillings for the town water supply
indicated that sufficient groundwater is available at differ-
ent depths. In 1987, for instance, the North Western Re-
gion Water Works Construction Office drilled a 120m
deep well for the town’s domestic water supply. Their
finding indicates that there are productive aquifers at 9-
15m, 60-67m, 108-116m depths which provided a total
saturated thickness of 23 meters. The groundwater yield of
the well was within the range of 1 (o 6 liters per second.
The groundwater quality in Dangila is considered the best
for drinking as well as irrigation. However, further investi-
gation is required.

Houscholds in Dangila have a rich experience of using
hand dug wells particularly for domestic water supply
with some experience of irrigation. Digging of wells com-
monly takes place during the driest months in order (o
avoid false alanms which commonly occur when construc-
tion takes place in the wet season. Women and sometimes
children are also involved in manual digging. The tola!
depth of the dug wells is about one meter below the water
level of the driest months in order (o allow a buller for
water level fluctuation,

During our field survey period, the total number of hand
dug wells in Dangila rural kebeles was 2281 which sug-
gests onc well per 11 houscholds on average. Not all
houscholds have equal access to the shallow groundwater
resource due to its fragmented availability. Some villages
have a massive rock near the ground surface which result-
ed in minimal or no access (o groundwater.

As a consequence of this and many other factors, the num-
ber of existing hand dug wells shows a considerable spa-
tial variation from 18 to 198 wells per kebele with an aver-
age of 84 wells. This can be translated (o one well every 3
(Gult kebele) to 58 (G/Kansen kebele) households show-
ing the uneven development of the resource (Figure 4).

Residents expressed that the deeper the well the less relia-
ble it is. Figure 5 shows the median depth of hand dug
wells in each kebele. The depth data was too small (o esti-
mate the median depth forKwandsha and Maylebach. The
median depth of the existing wells in Dangila is 11 mm.
However it shows large variation across the kebeles (6 to
23 meters). Some wells provide perennial source of water

water 14 (1)

while other wells become dry intermittently particularly in
the driest months.

4.3. Shallow groundwater irrigation in Dengeshta
kebele

After comparing the 27 rural kebeles in consultation with
woreda level experts, we sclected three kebeles for further
investigation: Dimsa, Dengeshta and Gult Kebeles. We
visited Dimsa and Dengeshta (o assess the type of wells,
their use and the land scape. In Dimsa, there is an experi-
ence of surface irrigation through stream water pumping.

However, the yield of the perennial streams is now signifi-
cantly declining (o the extent of hindering irrigation prac-
tice. We speculate that the river water pumping has a neg-
ative impact on the shallow groundwater resource as a
result of groundwatcr-surface water interaction. However,
this requires further scientific investigation possibly
through continuous monitoring and hydrological model-
ing.

In Dengeshta, we observed the existence of extensive un-
protceted grazing lands. The topographic nature (as shown
by high values of wetness index) and the relatively high
soil moisture content after the rainy season suggest availa-
bility of shallow groundwater. This also requires further

investigation as other factors such as hydrogeology affect
eroundwatcr resource availability.

The hand dug wells that we visited were excavaled manu-
ally using shovels and other similar tools. The shallow
wells differ in their diameter (50 cm to 1 m), depth, and
top cover. A common feature is that all have a rounded
shape, which compared to other shapes, provides the larg-
est amount of water with least labor and time (Figure 6).
The wall of the wells is intact and stable without any lin-
ing due (o the (irm (clay) nature of the soil. Protection for
the top surfacc is provided using clay pot, barrel, corrugat-
ed sheet or wooden material (Figure 2). We observed that
some wells remained unprotected without a top cover
while women were washing clothes very close to the
wells. Contaminants can casily get into most wells since
the well top is at the same level as the ground surface and
the top cover is not water tight.

Currently, most households in the study area irrigate about
one-sixteenth of a hectare per hand dug well.
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The main constraints (o expand irrigated land were identi-
fied by farmers as (i) labor intensive water lifting, (ii) land
scarcity, and (iii) seed shortage. Women are exclusively
responsible for lifting water and irrigating crops from the
wells. The most commonly used lifting mechanism is rope
and bucket. Peddal pumps have limited capacity and there
is a perception that they are easily damaged. As a result,
they are not preferred particularly by women. The prefer-
ence is towards rope and washer pumps though these are
note not being widely used in Dangila. The concern with
these pumps is overexploitation as a well dried oul in
Dengeshta in the past due to excessive pumping with rope
and washer pump. Motor pumps may lead to overutiliza-
tion of the groundwater resource. It may even not be pos-
sible to use centrifugal motor pumps as the water level in
the wells often drops deeper than 8 meters.

Crop selection is mainly dictated by water availability and
case of water application. Women prefer to produce profit-
able crops such as onion, cabbage, garlic, carrot, bect root,
and tomato. However, these require considerable house-
hold labor and time to irrigate. As a result, tree crops are
preferred for case of water application and water saving by
targeting individual crops during water application. Irri-
gated crops by hand dug wells in Dengeshta include cof-
fee, sugarcane, avocado, mango, cirrus, chat, green pep-
per, soya bean, and potato.

In Dengeshta, some individuals own multiple hand dug
wells (up to eight wells). For some farmers, owning multi-
ple wells is a source of pride. There are also conditions
where farmers own multiple wells to increase (heir irrigat-
ed land size. Overall, there exists lack of knowledge about
the impact of well interference which is caused by having
multiple wells in small area. Farmers do not receive any
advice on well sitting and such knowledge is lacking at the
woredas agriculture office.

4.4. Beneficiaries of SGI

Mr. Yihenew Sileshi who is a resident of Dengeshta
kebele is one of the groundwater users for backyard irriga-
tion and domestic water supply. During our field visit, he
had two hand dug wells (~15 m deep) and was digging an
additional well (~8.5m deep). The water table of his wells
shows large seasonal variation. The three wells are sepa-
rated by only few meters but differ in their yield. His irri-
gated crops include high value crops such as ‘Chat’, Gin-
ger, Banana, Red pepper, Onion, and Coffee. In addition,

water 14 (1)

Yihenew bencfited from groundwater irrigation by selling
40 thousand seedlings of eucalyptus tree over one year
period (2012/13).

Mr. Fantahun, a neighbor of Yihenew, also owns a hand
dug well but uses it only for domestic water supply. His
first attempt of well digging was not successful. However,
he was able to hit the groundwater table at a depth of ~8.5
m in his second attempt at few meters away from the loca-
tion of his first attempt.

5. Conclusions and recommendations

Hand dug wells are being used in Dangila to irrigate back-
yard crops as well as to meet domestic and livestock water
demands. However, shallow groundwater potential and
level of development differs among and within kebeles as
availability of the resource is fragmented. Even though
SGI is not well developed yet, there are some evidences
that overexploitation may happen in the future. The wore-
da agriculture office has set an ambitious target to expand
shallow groundwater irrigation (SGI). The target is for
cach houschold to irrigate 0.125 ha using hand dug wells.
However, full achievement of this target is questionable
since the actual groundwater potential of Dangia is not
well known. Development of SGI will also affect water
allocation for domestic, livestock and ecological water
demands.

Future research in the area should identify, demonstrate
and evaluate the right technologies or practices that could
cnable farmers to access the shallow groundwater resource
and use it for imgation. The technologies include water
drilling, water lifting and saving technologies. In addition,
adaptive management of the resource should be introduced
to the area in parallel with SGI development. Training
should be arranged to extensions agents about shallow
groundwater well construction and maintenance so that
they will be in better position to support farmers. In addi-
tion, woreda experts and the community can learn from
experience sharing visits to other parts of Ethiopia with a
good experience of SGI.
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Assessment of Fish Production Potential and pProductivity of Bira dam, Bati
wereda, Amhara Region, Ethiopia
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'Wollo University, Department of Biology, Dessic
*Tehulederic wereda office of water resource development, Hayq

Abstract

Bira dam was constructed in Bati district in 1986 through the aid of Infernational Red Cross Association for Jfood security
purpose. The study was conducted from January to September 2013.The objectives of the study were, lo estimale fishery
production potential, assess physico-chemical parameters and check the status of the already stocked Nile tilapia
(Oreochromis niloticus) fish species in Bira dam. Current tolal area, average depth of the reservoir were measured using
GPS and rope respectively, fishery and physico-chemical parameters were taken monthly from January to September
2013 from three sites. Reed boat, gillnet of mesh size of 4-10 cm, measuring hoard, dissecting kit were used to collect fish-
ery data. Digital Multimetres were used (o measure pH, Temperature, conductivily and Turbidity value. Empirical model
(Henderson and Welcome, 1974) was used 1o estimate annual fish production potential of - the dam .SPSS Version 16
was nsed to analyze the collected data. Univarate fest was used to fest the ph)J.s'ic(;—chemfmlparamelcrs difference among
sites and months. The mean value of pll, Temperature ,Turbidity and  conductivity 7.02, 24.11°C , 24.60 NTU and
399.00uS/em respectively There was no - significant difference in all physico-chemical paramefers among sites
(P>0.05). There was significant difference in water Temperature, Turbidity and conductivity by month (P<0.05).The rotal
Nile tilapia  fish species collected were 33,0f these 17 were female and the rest 16 were male. The minimum and the
maximum total length of the fish were 13.5 and 20 cur respectively. From empirical model estimation the annual yield
of the reservoir is nearly 141.2 Kg/ha/year and its total production is 2542.12 kg fyear. The current total area of the
dam is 18 hectar which was 42 hectar when the dam was constructed, the depth also reduces from 20 to 4.33 m. For bet-
ter fishery production of Bira dam, common carp has been brought from Lake Maybar and introduced in the dam and
has showed betier adaptability. Since the watershed of the dam is highly degraded, the dam will be totally dried if the

situation continues. The water quality of the dam and its productivity is less therefore watershed of the dam should be
properly managed though full participation of dant users

Key words: Oreochromis niloticus, productivity, Reservoir

actual yicld of the fisherics is compared with estimated
potential yield. It is on the basis of this comparison that
management plans are made. In the absence of historical
catch clfort data covering several years, empirical models
can be used to obtain a quick estimate of potential yield.

1. Introduction

Ethiopia is uniquely rich in water resources. [t has numer-
ous water bodies including ponds, lakes, rivers, reservoirs
and wetlands. Based on the estimation ol FAO (2001) the
surface arca of major lakes and reservoirs is 7,334 Km®

The development of aquatic life (flora and fauna) in sur-
and the length of rivers is 7,185 km.

face waters is influenced by a variety of environmental

Ethiopia could be called a water tower of Eastern Africain  conditions thal determine the species as well as the physi-

a continent where its most part is arid. The inland water
body of Ethiopia is estimated at about 7,400 km2 of lake
arca and about 7,000 km total length of rivers (Wood and
Talling, 1988). These walcr bodics contain large popula-
tion of commercially important fish species. However, the
territory of Ethiopia secems (o be among regions of the
African continent which arc least explored in ichtyofauna
perspectives (Golubtsov et al., 1995).

The estimated potential yield is important information
required for fisheries exploitation and mangment. The

water 14 (1)

ological performance of individual organisms. The flora
and fauna present in specific aquatic systems are a func-
tion of the combined effects of various hydrological, phys-
ical and chemical factors (UNESCO/WHO/UNEP, 1996).
Aquatic ecosystems are dynamic and their trophic state is
controlled by physical and chemical conditions. Thus,
monitoring and evaluating the trophic state of lakes have
become an essential prerequisite to develop control mech-
anisms. Expanding human population brought about by
the opportunitics of good water supply, irrigation,
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fish production fecreation and navigation offered by Res-
ervoirs has put enormouys Pressure and stress on the quali-
ty of water impounded by the reservoir. The impact of
human activities in and around the reservoir is felt on the
unique physical and chemical properties of water on
which the sustenance of fish that inhabit the reservoir is
built as well as o the functions of the reservoir. Water
qQuality is determined by the physical and chemical limnol-
08y of a reservoir (Sidnej et al,, 1992) and includes all
physical, chemical and biological factors of water that
inﬂuence the beneficial use of the waer. Water quality is
important in drinking water supply, irrigation, fish produc-
tion, recreation and other purposes to which the water
must have been impounded. '

Water quality deterioration in reservoirs usually comes
from excessive nutrient inputs, eutrophication, acidifica-
tion, heavy metal contamination, organic pollution and
obnoxious  fishing practices. The effects of these
“imports” into the reservoir do not only affect the socio-
economic functions of the reservoir negatively, but also
bring loss of structural biodiversity of the reservoir. Dju-
kic et al. (1994) have used the physico-chemical proper-
ties of water to assess the water quality of a reservoir. The
use of the physico-chemical properties of water to assess
water quality gives a good impression of the status,
productivity and sustainability of such water body. The
changes in physical characteristics like temperature, trans-
parency and chemical elements of water such as dissolved
oxygen, chemical oxygen demand, nitrate and phosphate
provide valuable information on the quality of the water,
the source(s) of the variations and their impacts on the
functions and biodiversity of the reservoir.

The quality of surface water has deteriorated in many
countries in the past few decades. As a result of the grow-
ing population, increasing industry, agriculture, and ur-
banization, the inland water bodies are confronted with the
increasing water demand, as facing with extensive anthro-
pogenic inputs of nutrients and sediments, especially the
lakes and reservoirs (Kondratyev,1998) To handle this
problem, it is necessary to carry out water quality assess-
ment, planning, and management, in which water quality
monitoring plays an important role (Seker,2003)

This study aimed at assessing the water quality of Bira
dam used for irrigation, livestock watering and fish pro-
duction using some selected physico-chemical parameters.
The results will form the baseline for monitoring and
tracking changes in the water quality as a result of the
dam’s natural dynamics over time and impact of men’s
activities on the dam and its water shed.

water 14 (1)
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2. ()bjectives

General objective

The main objective ok thc‘ study Was 10 assess 1y
chemical parameters of Bira dzfm, status of ¢y
Oreochromis niloticus and estimate fishery Prody

otential of the dam using empi_rical formula and
; able utilization of Bira dam,

0y
QC()H]‘

mend sustain

Specific objectives :
o To assess physico-chemical parameter of Birg dany

¢ To assess the stocked Oreochromis nilogjgy,g befy,
20 years ‘ _ _

¢ To estimate fishery production of Birg dam Ui
empirical formula

3. Materials and Methods

3.1. The study area

Bira kebele is one of the kebeles of Bati Wored, Where
Bira dam is found that was constructed for irrigatipy pu-
pose by Red Cross. The dam at the beginning whe jy was
constructed had a depth of 15 to 20m and a total ares of )
hectare, but recently its area reduced to 18.33 hectares due
to siltation (Figure 1). Bati is one of the districts ip Oro-
mia zone that has different culture attracting tourists espe-
cially on market day, Monday. The economy is based n
crop production (sorghum, teff and maize) and livestock
rearing, Livestock production is constrained by lack of
grazing and access to fodder. Local agricultural labor,
migration labor and firewood sale are Important income

generating activities particularly for poorer households
(ALZR, 2007).

3.2, Methods

Physico-chemical Parameters
Physico-chemica] Parameters Conductivity in ps/cm, pH:
Turbidity in NTU anqg temperature in °C were measured

using Digital multimetres in three sites, SI, S2 and 3
from January to June 2013

Fishery data

Gill net of megh Size from 4-10cm were used to0 2™
the already fig, species, Oreochromis niloticus in ™
S‘elected sampling sites, littoral with and without vege‘ta.
tion and Pelagic To get these different mesh sized gil
€S PapyTUS boat was useq. Fishery data were takes

SIX consecytive months from January to June 2013.
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Fish production potential

According (o Henderson and Welcome (1974), Water bod-
ics of fish production polential in tones per can be cstimat-
ed using cmpirical formula stated below

Y=14.3136*MIE*"®!

Y-yield in Kg/ha/year
Conductivity (uS.cm™*)

MEI =

Data analysis

Mean depth (m)

Descriplive Statistics (mean, graphs) and inferential statis-
tics (Univarate analysis) were used through SPSS Version
16 application

4. Results and Discussions

4.1. Physico-chemical parameters

Most of the values of Physico-chemical water quality pa-
rameters during sampling months were in the optimum
condition for fish production except for higher Turbidity
value. As stated below in table 1, except pH, lemperature,
conductivity and Turbidity showed significant difference
among sampling months (P<0.03). Therc were no signifi-
cant difference in water quality paramelers among the
threc si(cs (P>0.05) (Table 2)

Table 1: Physico-chemical parameters variation among the different sampling months

Sum of Df Mean F Siz.
Stpzres Square
pH * Month | Berween Groups | (Combined) 1340 H 200 328 386
Wihin Groups 9.846 12 821
Total 11192 17
Tep * Mcnh | Berween Groups [ (Cambinea) 62.518 5 12504 | 22574 000
Wihm Gromps 6647 12 554
Tomd 69.165 17
Turbrdary * Berween Groups | (Combined) | 1542401 S| 3ozes0 | 4338 017
Month
Within Groups 853413 | 12| 71118
Tortal 2395814 17
Con * Moath | Berween Groups l (Combined) | 12778.00 5| 2555.600 | 48988 .000
YasGop % MS V8 SR Table 2: Physico-chemical parameters
Toul 130040 ¥] variation among sampling sites during
sampling months
ute pH Teny Conductivity | Trbidity |
Sitel Mean 69400 23967 393.83 21265
Std Deviabon 40714 24977 30413 47235
Site2 Mean 6.6600 24350 401.17 25268
Sid Deviation 95714 2.0047 28.645 18 3661
Site3 Mean 7.4661 24033 40200 27258
Std Deviation 86832 1.85840 279 98578
water 14 (1) 30
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4.2. pH

The pH is an important variable in water quality assess-
ment as it influences many biological and chemical pro-
cesses within a water body and all processes associated
with water supply and treatment (APHA, 1995). In unpol-
luted walers, pH is principally controlled by the balance
between the carbon dioxide, carbonatc and bicarbonale
ions as well as other natural compounds such as humnic
and Nuvie acids, Changes in pH can indicate the presence
of certain efflucnts, particularly when  continuously
measured and recorded, together with (he conductivity of
a water body. Dial variations in PH can be caused by the
photosynthesis and respiration cycles of algac in cutrophic
waters. The pH of most naturgl walers is between 6.0 and
8.5. although lower values can oceur in dilute waters high
torgamic content, and higher values in eutrophic walers,
Groundwater brines and salg lakes (APHA, 1995). The
desirable pH range for fish is between 6.5- 9. Long (erm
cxposure 1o pH values beyond these limits slows fish
growth and reduces health, Exceedingly alkaline water
(greater than pH 9) is dangerous as ammonia toxicity in-
creases rapidly. A higher temperatures fish are more sen-
sitive 1o pH changes. The mean pH value of Bira dam
ranged from 6.6 -7.3 almost similar with Tekeze dam
and lower than Hashenge ( 8.4). The Bira dam pH value
is suitable for fish production and its variation among sites
described in Figure 2

4.3. Water temperature

Fish are exothermic, their body temperature is about that
of the surrounding environment; and affects all metabolic
processes. Cold water slows metabolism and warm water
increases metabolic rate. Fish have adapted to a wide
range of temperatures. Some cold water species can (oler-
ate temperatures below kA F.; while desert killifish can
live in pools in Death Valley at temperatures in excess of
110" F. Native warm-water fish have a temperature toler-
ance range of about 34- 104° F. although many species
will become stressed near either of these extremes. There
Below 355° F. activity and feeding slow. Above 95°F,
many warm-water fish begin to reach upper lethal temper-
ature tolerance limits. Tropical fish such as the tilapia,
cannolt tolerate cold water. They become stressed when
water reaches 60° F. and die at water temperatures below
50° F. Trout and other coldwater fish will die when water
temperature exceeds 70° F. Their optimum temperature is
about 55-65° F. and they are active down to 40° F. Fish
must adjust to temperature changes gradually. A warm-
water fish may survive in 100° F. water if slowly

water 14 (1)
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Figure 2: pH variation among sampling sites during sany.

pling months
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Figure 3: Waler (emperature variation among sampling
sites during sampling periods

4.4. Turbidity
Water turbidity refers (o the quantity of suspended materi-
al, which interferes with light penetration in the water
column. In water bodies, water turbidity can result from
plankfonic organisms or from suspended clay particles.
Turbidity limits light penetration. thereby limiting photo-
synthesis in the bottom layer. Higher turbidity can cause
temperature and DO stratification in water bodies. Plank-
tonic organisms are desirable when not excessive, but sus-
pended clay particles are undesirable. It can cause clog-
ging of gills or direct Ijury 1o tissues of aquatic organ-
isms Erosion or the water itself can be the source of small
(1-100 nm) colloidal particles responsible for the unwant-
od turbidity. The particles repel each other due to negative
Tcharg,es: this can be neutralized by electrolytes resulting
I coagulation, It s reported that alum and ferric sulfale
arc more ellective than hydrated lime and gypsum in -
mow.ng clay turbidity. Bogh alum and gypsum have acid
reactions and can depress PH and total alkalinity, so U¢
2';“3;“23;2 gllzplication of lime is recommended 10 md‘di;][;
ety Tl?:%e gf pH. Treatment rales. depcll} i
higher(2 i.26-2;,' - S 1_dll)’ value measured mNTg.ll)-
The bigger differe g e dﬂm(o ged
walershed of Birg SCC o fiuel 10- hlghly deon'idit\'
am resulted higher siltation, Turbid"

variation among sites duri X M ibed
e urin is descr!
in Figure 4. g sampling periods
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Figure 4:Turbidity variation among sampling sites dur-
ing sampling periods

4.5. Conductivity

The values of Electrical conductivity (EC) ranged from
260 (0 300 puS Cm-1 in Tekeze 1. Total dissolved Conduc-
tivity is related to the concentrations of total dissolved
solids and major ions. The conductivity of most freshwa-
ters ranges from 10 o 1000 uS cmi-1, but may exceed
1000 S em-1, especially in polluted waters, or those re-
ceiving large quantities of land run-ofT (APHA, 19953).The
conductivity value measured in pS Cm' was higher
(393.83-402.00) than Tekeze dam(260-300) and lower
(569) Tendaho reservoir. The higher conductivity in Bira
dam and Tendaho reservoir might be their geological
characteristics containing many cations. The conductivity
variation among sites during sampling duration showed in
Figure 5. '
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Figure 5: Conductivity variation among siles during
sampling periad

4.6. Fish data

Ethiopia is known to be rich in ils water resources and
favorable environmental conditions for the development
of aquaculturc. However, in spile of the presence such
enormous resource and potential, the sector is known to be
the least developed. So far the aquaculture activity in Ethi-
opia is limited to stocking of fish fingerlings to manmade
or natural water bodies. Such practices have been made
with the intention of producing fish for local consumption
Most developing countries in Asia, South America and
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Africa have recognized reservoir fisheries as an efTective
way of increasing (he supply of fish as food in rural areas,
at an affordable price. Rescrvoir fisheries also provide
additional income (o rural farmers, thereby contributing to
poverty alleviation. Reservoir [fisherics have added ad-
vantages in that, unlike the more conventional aquaculture
practices, they arc less resource intensive and need less
lechnical skills at farmers’ level. These fisheries are also
an cllective secondary user of water resources in rural
arcas. Recognizing the importance of reservoir fisheries,
thc Ministry of Agriculture and Rural Devclopment
(MoARD) and the Sebeta Fish Culture Station now called
the National Fisherics and other Aquatic Lifc Research
Center (NFALRC) of the Ethiopian Institute of Agricul-
tural Rescarch (EIAR) have been made a huge cffort for
the development of fisheries in reservoirs and lakes such
as Koka, Fincha, Melka Wakena, Small Abaya, Ashengie
and scveral others could be mentioned as success stories.

According to Tadessie Negu, Kemissie Zonal Agricultural
Senior Expert, Oreochromis niloticus (Nile tilapia) were
stocked by South Wollo Rural and Agricultural Office in
1982. However, expect children practice for sport fishing
in insignificant way, the local people are not benefited
from the stocked fish species in Bira dam. The total num-
ber of Nile tilapia  fish species collected within six month
time were 33, of these 17 were female and the rest 16
were male. The monthly average fish catch in all the three
sites were 5 tilapia. The minimum and the maximum total
length of the fish were 13.5 and 20 cm respectively. Even
the highest fish length recorded in Bira is the least com-
pared with the size of the same species found in Lakes and
reservoirs found in Amahara region in Particular and in
Ethiopia in general. The Physico-chemical parameters
value recorded in six consccutive months from January to
June 2013 revealed that the dam is not suitable for Nile
tilapia. Rescarch conducted in East Gojjam by Alayu
Yalew ct al. (2009) confimm that common carp, Cyprus
carpio will show better growth performance than Oreo-
chromis niloticus. The: present study agrees with Alayu
Yalew (2009).

Afler Physico-chemical and fish stock assessment for six
consecutive months, Common carp species has been intro-
duced in the dam that has been brought from Lake May-
bar. Afler 5 months adaplability of the carp species were
checked in October and December 2013 using Gill net
having mesh size of 4-10cm.This preliminary assessment
showed that the common carp has adapted well.
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Fish production potential

Water bodies fishery potential can be estimated using dif-
ferent empirical formulas that consider the different physi-
co-chemical parameters like TDS, temperature and vol-
ume, area or average depth of the water bodies. According
to Henderson and Welcome (1974), Water bodics of fish
production potential in tones per can be estimated using
empirical formula stated below

Y=14.3136*MIE*'63!

Conductivity (uS.cm™1) :,::rldd e
Mean depth (m)

MEI =

399/3 =133
Y=14.3136*9.87=141.2 Kg/ha/year
141.2*18 = 2542.12 kg/ha/year for the wholc reservoirs

The amount of fish production in Tones per hectare in
Bira dam (2542.12 kg/ha/year) is low than Dendeho Res-
ervoir(1,345,000kg/y). The difference might be duet to
conductivity ,depth and total area or volume of water of
the dams.

5. Conclusions and Recommendations

Bira dam is used as source of irrigation water, livestock
watering and water for washing clothes and basing. The
excessive water extraction day and night with out regula-
tion, degraded watershed and absence of buffer zone re-
sulted in siltation are major problems affecting water
quality and quantity of the dam. The average depth of the
dam reduced from 20metre to 4.33m and its toral area
from 42 hectares to 18 hectares. The dam littoral area
mainly is devoid of vegetation that may support fauna
and flora including fish species. The poor adaptability of
Oreochromis niloticus fish species might be absence of
feed and shelter during harsh periods. As a side linc activi-
ty during data collection Bira dam user association has
been established and training on sustainable water utiliza-
tion and watershed management was delivered to these
individuals. All members of the association should active-
ly involve in watershed bira dam management for sustain-
able utilization of the resource. Further studies on major
factors affecting growth performance of Nile tilapia and
newly stocked common carop adaptability should be con-

ducted.
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Technology on Downstream Water

Assessment of the Effects of Water Harvesting al Woreda, Ethiopia,

Availability Using SWAT Model, Case of Alaba SPec!
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Abstract - nodify the natural systems. Rainmwage,. hap
In hydrological cycle there are many water-related himan interventions thal ’ wam. Water harvesting used in Upsiyg )
vesting is one such intervention that involves harnessing of waler ki m: f.ems' The main objectives of the s.'-m"
preveniswaler runoff on downsiream mainly disturbance on biodiversify and (36‘01;0[);[;0) in the Woreda. To ”ddresvl;;{v
are fo assess the effects of water harvesting technologies on downsirean waler m. *sed fo analysis the hyu’rologim} )y
above problem, SWAT model, Cost- Benefit Ratio and Optimal control approach was ; ) > R

i 7) mstream impacis or;
: . ) , Lepeclively. The downs pacts of ;.
soctoeconomic impact and tradeoffs on water availability of the commumty, T especlively of in

- ca a i i Y Calchn.'enl are simulated USing
reasing walter ('()H.&-HIH,’?HOH n .’t’i‘(‘ Hpb'[r m l'H-ﬁ;'d areas 0_[ fji(? BH‘H’L’ (”Id ;Sh(ll'ﬂ] m”'ﬂ”j()” ila”d el &”’e
N AW = i e . C ; a se re ese
semi-distributed SWAT model. The wo land use scenarios fested al sub basin fevels (]) : . e ‘,II, seng
a ] i VI, tmpro gs aler a ilabil;
the current land use p[{]('ff(,‘ﬁ (/['-fl,'-(’( )]V) nd (2) I-H-ﬁ(fld raimvater ’Iﬂﬂ’(’-‘””g ([R”/] ) Ji “'”y

s . i e s results showed that the highest peak Neg
through rainwvate harvesting land use scenario. The simulated water balance re "

monthly direct flow obtained from Agri-CON land use (127.1m°/ha), Jollowed by Agﬂ-””‘”f /’i’m' use (11.5mm) ang
LULC 2005 (90.1m’/ha). The Agri-IRWI] scenario reduced direct flow by 10% compared lo Agri-CON and more groun.
water flow coniributed by Agri-IRWIH (] 90m’/ha) than Agri-CON (1 25m*/ha). The overall I;(f.\'h‘” suggesls irlm! the watey
yield of the Woreda may not be negatively all ected by the AgrilRIWIH land use scenario. The technology in Ihe. Woredq
benefited positively having an average Benefit Cost Ratio of 4.2. Waler harvesting for Domestic use was ”‘f” oplimal thyy
the value of the water per demand frm've.ﬂ;:d was less than the amomni of water needed. Storage tanks, Series of check

dams, gravel filled dams are an alternative solutions Jor water harvesting.

Key words: Water Harvesting, SWAT model, Land Use Scenario, Agri-CON, Agri-IRWH, Trade off, Benefit Cost Ratio,

1. Introduction

Water Harvesting is the accumulation and deposition of
rainwater for reuse before il reaches the aquifer. In a hy-
drological cycle, there are many water-related human in-
terventions, such as water storage, diversion, distribution,
purification and other associated acts that modify the natu-
ral water systems. Rainwater harvesting, which involves
harnessing of water in the upstream catchment and is de-
signed for “on-site” gains, may have hydrological impacts
on downstream water availability. Increased water con-

sumption at upstream level is an issuc of concem for

downstream waler availability, but it is generally assumed
that there are overall gains and synergies by maximizing
the efficient use of rainwater at farm level (Rockstrem et
al, 2002). The expected upstream shifis in water MNows
may result in complex and unexpected downstream effects
in terms of quantity and quality of water. In general,
though, increasing the residence time of water in a catch-
ment through rainwater harvesting may have positive en-
vironmental as well as hydrological implications/impacts

water 14 (1)

downstream (Rockstrom et al, 2002). However, il may
also result in uninformed decisions by policy makers,

Department in India ordered the destruction of community
rainwater harvesting structures, fearing that it would
threaten the supply of irrigation water to downstream users
(Agrawal ct al, 2001). Therefore, there is a need for further
research and understanding on the possible impact of wid-
cr expansion of rainwater harvesting technologies. Water
harvesting systems have been success fully utilized by peo-
ple in some parts of the world where water shortage exists.
The application of water harvesting techniques although
potentially high but still low practice in Ethiopia. Hydro-
logical performance of water harvesting technology re-
quires use of hydrological modeling approaches that have
been developed 1o simulate (he impacts and consequences
of land use changes on the environment in general and
valer resources in particular. One of these models is fhe
Soil and Water Assessment Togl (SWAT). It was selected
for the §imulation ol hydrological processes in arid watcr
::t‘;isa}‘i’l:&‘t‘g:.l;l'ollarves““g practices, because (1) it sim
. . WS, water balance components and crop
yields of different |ang units at various temporal scales,
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(2) It allows casy representation and use of spatially vari-

able data, processes and results through a GIS interface;
and (3) it has a wide development and users’ community
with open access (o the model documentation and source
code,

2. Objectives of the Study

The general objective of the research is o assess (he effect

of water harvesting technologies on (he downstream water

availability and to find the viable options of surface water

harvesting.

_The Specific Objcctives of the study arc:

¢ To identify factors that affect the downstream like
ground water, soil type, land use Scenarios.

¢ To identify cost-benefit analysis of Water Harvesling
technologics

¢ To Evaluate tradeofl on upstream and downstrcam
water availability of the society under water harvest-
ing influence.

¢ To suggest an alternative methods of surface water
harvesting for crop production, domestic uses and
livestock. :

3. Materials and Methodologies

3.1. The study area

The study was conducted at Alaba Woreda in the Southern
Nations, Nationalities and Peoples' Region of Ethiopia.
The woreda is located 310 km south of Addis Ababa and
about 85km southwest of the southern nation’s nationali-
tics and people’s regional (SNNPR) state capital of Ha-
wassa and geographically located 7° 17" N latitude and 38°
06" E longitudes. The climate of the location is Weina
Dega with the annual rainfall varies from 857 to 1085
mm, while the annual mean (emperatures also vary from
17 °C 1o 20 °C with a mean value of 18 °C. The arca re-
ceives a bimodal rainfall where the small rains are be-
tween March and April while the main rains are from July
to September.

3.2. Method of the study

The methods used for Assessmment of Water Harvesting
technology effect on downstream water availability gen-
eral steps followed in this study works are outlined below.

1. Input data collected for the study such as: socioeco-
nomic data of the Woreda, The general progress of
the Woreda supply, stream flow, digitized map of the
study area and DEM data collected from MOWE,
data collected from MOWE, meteorological data from
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[T Ataba Special Woeda
777 Emvo_Region

Figure 1: Location of the study Area (Alaba Special Wore-
dfl) @

NMA, physical characteristics of Pond on the Wore-
da.

2. Sciling-up, calibration and validation of SWAT model
with climate and stream flow data representing the current
climate condition.

The methodology of this study is summarized in a form of
a Nlow chart as shown in Figure 2. The flow chart depicts
the steps followed in carrying out the modeling of the
catchment level changes.

3.3. Data Analysis

Data was analyzed using descriptive statistics. Qualitative
data were uscd (o specify contexts of the study and enrich
information gencrated from quantitative data analysis. To
assess (he economic viability of Water harvesting ponds
constructed in Alaba Woreda by the community, Govern-
ment and international NGO.

This study collected a large amount of socioeconomic and
physical data from the community in the Woreda. Data
collection activities involved the active participation of the
local self-governments and members of the local commu-
nity. The spatially distributed data (GIS input) needed for
the Arc SWAT interface include the Digital Elevation
Model (DEM), soil dala, and land use data. Data on
weather and flow is used for the prediction of water bal-
ance and calibration purposes respectively.

3.4. Cost benefit analysis (CBA)

It was used to assess the water harvesting technology in
Alaba special Woreda for comparison of cost and benefit
that accrues from a specific project. A CBA involves cal-
culating and comparing all of the costs and benefits, which
are expressed in monetary terms.
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Figure 2: The Nowchart of general methodology used in this thesis work

The benefit -cost ratio indicates the overall value for
money of a project. If the ratio is greater than 1, the option
is acceptable.

i Total present value of benefits
Benefit — Cost ratio = i ! A

total present value of costs

This method was used (o evaluate the benefit cost analysis
of the technology.

3.5. Hydrological Model

SWAT Model was used to assess the effects of water har-
vesting technology on downstream water availability. The
model simulates the hydrology of a watershed done in two
separate divisions. The land phase of the hydrological
cycle and routing phase of the hydrologic cycle for this
study land phasc Hydrological components of SWAT was
used.

SWAT model simulates hydrology of the area with water-
shed level. In this study the model simulate the area on
two watersheds Bilate and Shala because the Woreda fall
on the two catchments. Hydrological components simulat-
ed in land phase of the hydrological cycle canopy storage,

water 14 (1)

e ey

CGener at ed

infiltration, redistribution, cvapotranspiration, lateral sub-
surface flow, surface runoff, ponds, tributary channels and
return flow.

The hydrologic cycle as simulated by SWAT is based on
the water balance equation:

SWe= SWo+ (Raay = Quurs = Ea= Wiaep~ O

Calibration is modification of model parameters based on
checking results against observations (o ensure the same
Tesponse over time. This involves comparing the mode!
results, generated with the use of historic meteorologice!
data, to recorded stream flows. The performancc of
SWAT Wwas evaluated using statistical measures to del€”
mune the quality and reliability of predictions when co™
pared to observed values, Spatial analysis was carried oul
10 describe land use Jang cover change patiern and overdl
l?.md use changes with time. This is gone after image ¢
sification of (he three land usc land cover maps (197,
1984 and 2005) whose regylis for each analysis. The lané
use of the Bila(e and Shala Catchment based on d2® 0

1973,1984 and o i ' .
N 005 which is reclassified bY
SWAT005 version),
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3.6. Optimization of the water use tradeoff (OCA)

An optimal control method was used to assess the condi-
tions under which the management of the tradeoff between
two water use activities, on domestic, is either optimal on
the system level from the local decisions of multiple
agents. The model extends a standard Domestic animal
population growth model with Ricker type employment to
include this natural supply effect. Supply is formalized
as an addition of domestic water consumption from an
external source of the water supply similar to other ap-
proaches investigating the effect of supply on take dy-
namics.

4. Results and Discussions

This section presents results of the study and discusses the
result by giving an appropriate emphasis on the projected
research objective.

The standard land phase hydrologic paramelters used in
SWAT were considered for annual water balance. For this
study, Average annual water balance in the watershed for
both calibration and validation period was done. The sim-
ulation result that largest portion of the average annual
precipitation (66.63%) falling in the watershed is lost
through Transmission losses. This value indicates that
there is high sensitivity of Transmission losses to any
change than any other hydrologic parameter governing the
sub watersheds™ water balance.

Figure 3shows the variation of the WY for the three land
use data sets at the outlet of Bilate and shala catchment,
the result was an average decrease of WY by about
42.76% over a period of 6 years (1997-2002) when land
use data of 1973 was compared to the land use data with
1984 and also decrease of WY by about 52.6% when land
use data of 1984 to 2005.

1200.0 1500
& g EmalULC 1973 mem LULC 1984 )
g ¥ W C=TLULC 2005 =3¢~ Reinfall E ,
%‘ 5000 epne————— =
<4000 - o
£ 2000 | o
00

Figure 3: Comparison of the simulated average annual water yields for the period of 1997 to 2002 based on the
three land use data sets on Bilate and Shala Catchment. :

The impacts of the different land use scenarios on the
components of the stream flow are presented. The mean
monthly WY (DIRQ + GWQ) for the period of 1997 to
2007 showed significant differences in peak flow when
pasture (LULC 2005) land on 0 to 3% slopc was convert-
ed to Agri-CON and Agri-IRWH land uses.

The monthly mean peak WY's were 280 m3/ha 620 m3/ha
and 290 m3/ha for LULC 2005, Agri -CON, and Agri-
IRWH, respectively. The mean monthly WY on the Agri-
CON land use scenario was higher than the other two sce-
narios during the rainy months of December to March
only. Agri-IRWH showed a higher peak WY value than
LULC 2005 probably duc to the high ground water con-
tribution by the IRWH technique during the same month
as the occurrence of the peak flow.

The effect of the different land use scenarios on the water
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balance of Alaba Special Woreda is well verified by the
direct flow component of the WY. The direct flow com-
prises the surface Runoff and the lateral flow, also known
as interflow.

The other interesting result on the impact of land use
change was related to the ground water (base flow) com-
ponent of the WY. Figure 4 presents the ground water
discharge to the stream flow.

Thus, the Agri-IRWH was found to recharge the ground
water table better than the other two scenarios that |, the
highest mean monthly peak ground water flow was pro-
duced by Agri-JRWH amounting to 60.2 m’/ha, followed
by 56 m’/ha and 48 m’/ha by Agri-CON and LULC
2005 land use scenarios, respectively. The annual mean
ground water flow was also found to be the reverse of the
direct flow.
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The highest annual ground water flow was obtained from the monthly WY peak flows. Thus, the increased dry s | S%
Agri-IRWH which was 352.5m’ha, followed by 283.4 0% WY under Agri -IRWH may have positive emilor | tef
m’/ha on Agri -CON and 210.8 m*/ha on LULC 2005 land menml as well as hydrological implications/impacts dow | 21
use scenarios. The results demonstrate that there was high Slream, fo}i
. | /1
infiltration of water on Agri-IRWH and LULC 2005 than Overall, the results suggest that the WY of Alaba Specid | ¥
on the Agri-CON land use. The Agri-IRWH technique Woreda may not be adversely affected by the Ag]'i-IRWH Tt
creates a pond of water inside the furrow (hat later infil- land use scenario despite its design for surface unol! ?b' -
trates into the soil profile. straction. It is expected that this resul( will assist in @K™ | SV
a practical measure repgrdi pag | mc
i i . garding water resources mane
Moreover, Agri-IRWH apd LULF 2005 scenarios were  ment jp gencral and a sqrat 'gaJI' _ duseol ¥ | oy
found to increase the residence time of runoff flow in a i particylar RE oo a1
catchment which in turn had an effect on the occurrence of ' -~
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The cconomic benefits of this improved water harvesting
technology have two main components 1) Productive
gained and 2) The value of any time saving that result
from the installation of the new water resources. The eco-
nomic value of lime saving to households will vary greatly
depending on local laber market conditions and economic
opportunities.

The study calculate the time saving benefits by multiply-
ing (1) an estimate of the time saving associated with the
initial quant ity ol water consumed; (2) an estimated of the
market wage for labor (ranging (rom ETB 32 to ETB 40/
day): (3) a parameter less than one to denote the ratio of
the value of time spent collecting water to the market
wage ( ranging from 0.1to 0.5). The estimates of the time
saving assume that the time required to collect water {rom
the improved source varies from 0.1 to 0.5h/20L water.
Thus, it is possible in the model for there 1o be positive
time costs to households using the new source instcad of
(ime saving.

With the optimization approach that delivering water (0

domestic is not optimal that the valuc of the water per ’

demand harvested is less than the amount of water

neceded to domestic purpose.

Taking the advantage of the geological suitability of the
area (a flood plain with alluvial soils of few meters deep),
other alternatives such as storage tanks, sand filled dams
and check dams for artificial recharge nced 1o be given
attention.

5. Conclusions and Recommendations

5.1. Conclustons

Based up on the results obtained in this study and the con-
sequent comparative analysis, the models employing the
SWAT technique have consistently outperformed the
models using technique of regression analysis.

SWAT-WH allows a reasonable representation of the wa-
(er balance components and processes of the different soil
and land uses at the sub basin level; it does not allow the
routing of surface runofl between different land units

within the sub basins.

Therefore, to evaluate the long term hydrologic impact
and the dynamics of the water -harvesting technologies,
SWAT-WH could be coupled with a cell-based routing
model at the sub basin level.

Overall, the results suggest that the WY of Bilate and Sha-

water 14 (1)

la catchment will not be adversely affected by the Agri-
TRWH land use scenario despite its design for surface run-
off abstraction. It is expected that this result will assist in
taking a proactive measure regarding waler resources
management in general and a strategic allocation and use
of water in particular.

The investigative process and the results of the Cost-
Benefit analysis (CBA) of the socicty under water harvest-
ing technology have been extremely informative in Alaba
Special Woreda. The CBA results have demonstrated that
the average estimated benefits from all household groups
are positive having Benefit Cost Ratio of Greater than one
(BC Ratio 4.3).

Generally it can be concluded that the trade-off on the use
water for both domestic and agricultural purpose is non
optimal, that the technology implicated in the area are not
enough and needs additional water harvesting ponds.

5.2. Recommendations

Based on field observation and physical mecasurements
carried out on level of sedimentation, results, it can be
concluded that the main factors contributing sedimentation
are lack of timely removal of the sediment deposited in the
silt trap structures and poor site selection, management
problems. For instant sustainable use of floodwater from
the rivers and temporally flows, there is a need to under-
take a master plan study that leads to the construction of
permanent structures, however this needs big investment.
In this regard, if Government or other NGOs  involve in
preparation of the master plan, the above problem will be
solved.

Most of the assessed rainwaler harvesting ponds are tech-
nically suitable and one of the strategies for the achieve-
ment of the global and national level objectives. There-
fore governmental and nongovernmental organization
replicate community based rainwater harvesting project
with community partial cost coverage principle to the
achievement various global and national goals and objec-
tives, such as those of the recent “Development and Trans-
formation” plan of the Ethiopian Government.

Awareness creation for water professionals, policy mak-
ers, international financers and donors through workshops,
meetings, publications such as brochures and the like are
very important works to be under taken to improve the
promotion of rainwater harvesting in the effort made to
improve the low level safe water supply of the country.
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At last to ensure the sustainability and safcty of the Ponds
strong exiension system and responsible institution for
training and operation are required.
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Microalgae to Biofuels: ‘Promising’ Alternative and Renewable Energy
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Abstract

Rapid growth of human population has led fo mounting energy demands, projected to increase 50% or more by the year
2030. The natural petroleum can not catch-up the current consumption rate which is already reported to be 105 times
Jaster than nature can create. Besides, the use of fossil fuels is devastating o our environment by the greenhouse gas
emissions and consequent global warming. Therefore, the search Jor ‘clean’ energy has become one of society’s most
overwhelming challenges. Currently several alternatives are being studied and implemented including solar energy, hy-
droelectric, geothermal, wind, and biofuels, of which biofirels are seen as real contributors to reach a goal of replacing
JSossil fuels in the short term. Biofuels, fuels from living organisms, pr‘d\fide environmental benefits, since their use leads lo
a decrease in the harmful emissions of CO, hydrocarbons and particulale matter and lo the elimination of SOx missions,
with a consequent decrease in the greenhouse effects. Unforiunately, the present biofuel projections are based on feed-
stocks that are also food commodities and resources suitable Jor conventional agriculture. One possibility to overcome
the problem is the cultivation of micro-algae and switching (o third generation biofuels, which seem to be a promising
source since algae are able fo efficiently convert sunlight, water, and CQj inlo a variety of products suitable for renewa-
ble energy applications. Therefore, this review is intended to recapitulate curren! works on micro-algal biofuel produc-
tion polential and disclose possible ways to put it into practice. This review starts by highlighting the advantages and var-
ious forms of micro-algal biofuels. Some of the micro-algal species proved lo be suitable for biofuel production so far
have been tabulated with details given for Scenedesmus obliquus. The recent attempts and achievements in improving the
economies of production through genetic and metabolic engineering of micro-algal strains have been addressed. Other
polential applications such as wastewater treatment and CO, mitigation that can be coupled with biofiel production are
described. The opportunities of implementing microalgal biofuel production in Ethiopia have been highlighted. F inally,
the promises and challenges of algae to biofuel industry are uncovered.

Keywords/phrases: Biofuels, renewable energy, micro-algae, transesterification, Green house gases, waslewaler treal-
ment and CO, mitigation

Biofuels are fuels that contains energy from geologically
recent carbon fixation i.e. living organisms. Biofuels can
be produced from starch, vegetable oils, animal fats, waste
biomass, or algal biomasses which are non-toxic, biode-

1. Introduction

Rapid growth of human population has led to mounting
energy demands, projected to increase 50% or more by the

year 2030 (Mancss et al., 2009). The natural petroleum
can not catch-up the current consumption rate which is
already reported to be 105 times faster than nature can
provide (Netravali and Chabba, 2003). Moreover, the use
of fossil fuels is devastating to environment by greenhouse
gas emissions and consequent global warming (Chist,
2007). Therefore, the search for ‘clean’ energy has be-
come one of most overwhelming challenges (Mata, 2010).
Following this, several alternatives including solar energy,
hydroelectric, geothermal, wind, and biofuels are being
studied and implemented. Of these potential sources of
energy, biofuels are seen as real means of achieving the
goal of replacing fossil fuels in short term.

water 14 (1)

gradable and renewable (Song ef al., 2008). Based on the
feedstock types used and their current/future availability,
biofuels are categorized into 1%, 2™ or 3" generation bio-
fuels (UNEP, 2008). They provide environmental benefits
since their usc Ieads to a decrease in the harmful emissions
of carbon monoxide, hydrocarbons and particulate matter
and to the elimination of SOx emissions, with a conse-
quent decrease in greenhouse effects. In fact, burning bio-
fuels adds less carbon to the environment than burning
fossil fuels as the carbon released by burning biofuel al-
ready existed as part of the modern carbon cycle.
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metabolic and ecological diversity eclion of (5,

Unfortunately, the present biofuel projections are based hat are adapted for growth in locally available Aquiferg
on feedstocks that are also food commoditics (REN2I, l'ﬂ:e m(;,.phological features thal allow cosl-effeclivehal T
2009) and resources suitable for conventional agriculture 1%\{,] Fourthly, the biosynthetic control of C]]Emjcr‘ («
(Hoogeveen et al. 2009). Satyanarayana ef al., (20 10) have S nutrient and environmental stresseg ellab?]
pf)inled out that the subslitution of the diesel by the bio- end-products. .
diesel would nced the use of lands used to produce food

and the fiscal incentives by governments are decrcasing ‘

the lands available for food production. 2.1, Criteria used for the selection of algae Straing

composilion by
{0 manipulate thet?

i Flns ?ITCCL microalgae have attracted much global at-
tention in recent years for the valuable nawral products
they ge ir abili ; - o . A
Ol}e’ gULnleralc, their ability 10 remediate effluents and their others, The characleristics of the strain should be i,
nual as oal fi p ilo: ' : ; i :
]tah’rd sneriy crops. Algal fuel, also called otlgac or into considcration along with the climate in which the ).
Ird-gencration bi 1 iof i te darived i 3 L
genera ofucl, is a biofuel which is derived from oac will be grown. The following properties are requirg
g

algae. Switching to third gencration biofucls, scems to be ol algal specics for biofuel production based on the Aqug(.
a promising source for the production of biofuels as algac ¢ Species Program and the experience of other research
are able (o cfficiently converl sunlight, water, and COz  aigal production (Edwards, 2010): Production of high ang
into a variety of products suitable for renewable energy  consiant lipid content; Continuous Growth by overcoming
applications (Hu er al. 2008; Dismukes ef af. 2008: Satya-  {he stability problem conunon to algac cultures; Demop.
narayana ef al., 2010). Algac arc also low-input, ‘high-  strates high photosynthetic efficiency; Grows with seasop-
yield feedstocks to produce biofuels. Thus, microalgae  al climatic differences and daily changes in temperatures;
seem 1o be the source of renewable biodiesel that has the  Creates minimal fouling [rom attachment to sides or hoj.
potential 1o completely displace petroleum-derived  tom of containers; and Easy to harvest and to extract Ji-
transport fuels without the controversial argument “food  pids with soft or flexible cell walls.

for fuel”. Nowadays, duc to increased concern over fossil
fuels, energy sccurity, greenhouse gas emissions, and the
potential of other biofuel feedstocks to compete for lirited
agricultural resources, worldwide interest in microalgal
biofuels is rising (Pienkos and Darzins, 2009). Although
not yel achicved, the combination of accumulated
knowledge from he past, regulatory actious and market
needs, sustained the quest for microalgal production at
large commercial scale (Vieira, 2014).

Thousands of forms of algae have been identified,

cerlain algac strains arc more suitable for biofuels use thay

Based on these, many microalgal species have been ideni-
fied as a suitable feedstock for biofuel production. Each
species of microalga produces different ratios of lipids,
carbohydrates, and proteins (Table 1). Since the bulk of
the natural oil prepared by microalgae is in the form of
wicylglycerols (TAGs), which is the right kind of oil for
producing biodiesel, microalguc are the exclusive focus in
the algae-to-biofucl arena (Wen. 2009). In order to achieve
better economic performance, the lipid content in the m-
croalga need to be raised (Xu ef al_, 2006).
2. Selection, production and processing of mi- Moreover. i ‘
croalEne ” oil(i\nccrl’ e lcc?upques fgr the culgurc and enhancement
1, promising strains of microalgac has been d
Several features of algal physiology are relevant for cvalu- particular inerest in the development of feedstock
ating their possible incorporation into rencweble biofuel (Rodolfi et al., 2009).

applications (Christi 2007; Dismukes ef al. 2008; Hu e S
al., 2008). These attributes can be summarized as follows Pr;
(Christi 2007, Dismukes ef al. 2008; Hu ef al.,, 2008): i
Firstly, the solar energy yield with algac could be up to 6~ e
12 times that of terrestrial plants as they are inherently e
more efficient solar energy converters. Their intrinsic solar y
energy conversion efficiency is greater than the theoretical i
maximum for crops (3-8%). Secondly, the absence of re- e
calcitrant biopolymers eliminates the need for pretreat- S

ments to breakdown cellulytic products. Thirdly, their
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Table 1: Chemical composition of biofuel source microalgae (% of Dry Matter)

(Gouveia and Oliveira 2009; Matta ef al., 2010; Satyanarayana ef al., 2010; Sivakumar ef al., 2010) ”
. Stram Lipids (%) Protems (% Carbohydrates (Ya)
Chlorophycear ;
Chlarn demonas rhemhardit 21 43 17
Chlerella emerzonii 19
Chlorella minutissima 31
Chlorella protothecoides 55 10-52 10-15
Chiorella pyrenoidosa 2 51 26
Chlorella vulgaris 1422735 S1-58 1217
Chicrella sorokmiana 2
Duinaiiella bioculara 3 49 4
Dunaliella primolscra 23
Dunaliziia salina 6 37 2
Dunaliclla terriolecta 23
Ertlia olzoabindmis 3534
Botmvococais braunii 25-75
Hagmarozocous phinialis 25
Monoraphiaium mimmum ~52
Scenedesing dmmorping 16-40 8-18 21-32
Seenadesms obliquus 33.33 50-36 10-17
Scenedesmis quadricauda 1.9 47
Spiresyia sp. 11-21 6-20 33-64
Tenaseimis maculare 3 52 15
Temrasebniz owecien 15-23
Cyarephyceae
Anabasna olindrical 4.7 43-36 25-30
Spiuling maxima 67 60-71 13-16
Spivuling plarensis 1—9 46-63 314
Synachoccus sp. 11 63 15
Bacllartioplyceae
Nevicula samophila -31
j 27

=30
Skelzionsnin comtano ((nevills) 21
Thalassicciva pacudonana 20

39 38 10
Chaeroceras mmialls 33 44.65 11-19
Rlipdophcens
Porphymidiun cricinm 914 3839 4057
Dinopliveeas ]
Crprhecodiviunt colmit 20
Euslanophyceas ‘ e
Fuglena gracilis 420 3961 | 1418
Prypinesioplhceas : S
Locknysis gnibmm Pavle 21-38 3045 1-25
Pyymuiesium povum .38 2845 25.33

yrniithnlomycetes vy

ﬁ&:sc&nnﬁw:&. 07 nd na

2.2. Production of microalgal biomass
Producing microalgal biomass is usually more cosltly than
growing crops. The cost can be minimized if microalgal
biomass productions rely on freely available sunlight alt-
hough there are daily and scasonal variations in light lev-
els. From this point of view, tropical countries like Ethio-
pia with abundant sunshine could be an ideal place for the
cost-effective production of microalgal biomass. In fact,
Rodolfi ef al. (2009) reported that Nannochloropsis sp.

water 14 (1)

has the potential for the production of more than 30 tons
of lipid per hectare per year in sunny tropical areas where-
as only 20 tons can be produced under the Mediterranean
climate.

Thus, for commercial scale production of microalgal bio-
fuel, we need to use our ingenuity and take advantage of
existing resources such as agricultural runoff, wastewater
effluent, emissions from coal-burning power plants, and
even leflover material from the algal biodiesel production
facilities (Casey, 2009).
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A geothermal-powered and -heated plant built for bio-
diesel production from algac oil is another fascinating
achicvement that represents a cost-effective approach
(Wagner, 2007). Li et al. (2007) reported the feasibility of
expanding heterotrophic Chlorella fermentation for biofu-
¢l production at the industry level in a bioreactor, and sug-
gested that high cell density cultivation strategy in biore-
actors might help further cut down the cost. Thesc authors
found out that the lipid content was sharply increased by
metabolic engincering in the course of helerotrophic
growth of C. protothecoides. The recently proposed novel
approach that involves the use of engincered respiro-
fermentative metabolism for the production of biofuels
and  biochemicals from fatty acid-rich fecdstocks
(Dellomonaco er al., 2010) may be used for further im-
provements of the economics of microalgal biofuel pro-
duction. The proposed respiro-fermentative metabolism
enables the efficient synthesis of fuels and chemicals [rom
Tatty acids. With these packages, microalgal biofuel pro-
duction will ultimately be the most efficient biofuel pro-
duction, both in terms of land usc and cnergy conversion
(Chisti, 2007).

2.2.1. Cultivation systems

Currently, two main microalgal cultivation systems arc
adopted: open ponds and photobioreactors (Cazzola, 2010,
Table 2). Despite many attractive features, third genera-
tion biofuel production systems do also have a number of

pects. To address these drawbacks , y
ber of research works have been made for decades, "
bial production of ﬂatllfﬂ'l products has been. Achieyeg
(ransferring product-sP ec1ﬁc' CMZYIMES OF EMlire ey,
pathways from rare or g?llcllcal'ly intractable Organisy, "
(hose that can be readily e;}gmeered '(Keashng, 201
production of unnatural specialty c!mmlcals, bulk chcmi:
cals, and fuels has been made possible b.y combining &
ays from different hosts into a sipg|, i

d by enginecring enzymes to haye ey

less desirable as

zymes or pathw
croorganism an
function (Keasling, 2010).

Hellingwerf and dc Mattos (2009) havve proposed the pj,,
tanol approach: Light-driven convcrmgn. ol CO, ang Walg
into biofuel can be achieved by combining the ele:nu:m{er
reactions of photosynthesis and the Calvin Cycle wigy,
fermentative pathway from a chemoheterotrophic mig,
organism in onc single chimera (an organism with af Jeyg
two genetically different tissues resulting from mutatioy
the grafting of plants, or the insertion of foreign cells ing
an embryo) (se¢ Figure 1). This would circumvent the
need for converting CO, into the complex mixture of bi-
opolymers (protein, nucleic acids, cell walls, neutral ang
phospholipids, ctc.) and then applying a series of subse-
quent processing steps to convert this complex mixture
into a specific biofuel with consequent increase in the
overall efficiency of the biofuel production process.

Table 2. Algae Cultivation systems (Olenyi, 2009; Cazzola 2010; Mata e/ a/. 2010y

Open ponds (raccways)

Photobioreactors (PBR) R

¢ Accounts for > 90% of current worldwide pro-

duction
¢ less expensive to build and operate, more dura-

ble
¢ Subject to a difficult control of temperature
(day/night, seasonal) and evaporative water loss

Subject to contamination from predator strains
Require larger amount of nutrients (N, P, K) and
use more energy to homogenize nutrients and
the water level cannot be kept much lower than
15 cm (or 150 L/m?) for the microalgae to re-
ceive enough solar encrgy to grow.

water 14 (1)

excellent for high value products and lead to more
concentrated solutions
>100 times too expensive for biofuels
offer better control over culture conditions and grovt®
parameters (pH, temperature, mixing, CO2 and 02
prevent evaporation
Offer a saler and protected environment, Pfevemmg
contamination or minimizing invasion
Méow sasier and accurate provision of nutrients (N b
an ixi
‘ llt;d larger amounts of energy for mixing and ©
1naintain temperatyre
flexi '
biollbl.e SYStemns that can be optimized according © e
ogic iologj isti !
s ec.g al‘a“d physiological characteristics of the 32
SPe les being cultivated, allowing one to cultivat¢ it
ci
Pecies that cannot be grown in open ponds.
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Figure 1: Schematic representation of Photanol process (Hellingwerf and de Mattos 2009)

2.2.2. Enhancing algal biology to improve produc-
tion costs

Although biofuels made from microalgae hold the poten-
tial 1o solve many of the sustainability challenges facing
other biofuels today, they are not economical to produce
using the technology available and, the exisling algal spe-
cies could not be grown sufficiently cheaply and, at the
same tune, producce oil usable as a source of fatty acids for
biodiesel (Ratledge and Cohen 2008). Based on conven-
tional estimates, algal biofuels produced in large volumes
with current technology would cost more than $8 per gal-
lon (in contrast to $4 per gallon for soybean oil today)
(Shechan er al, 2008). Therefore, producing low-cost mi-
croalgal biodicsel requires primarily improvements of
algal biology through genetic and metabolic engineering
(Chisti, 2007). Coucomitant use of tailor-made, rather than
wild type, algal strains may shrink production costs to a
level that could bring algal oil within reach of economic
feasibility (Ratledge and Cohen. 2008).

The last few years have witnessed significant progress in
the genetic engineering of eukaryotic algac. Transgenesis
in algac is a fast-growing technology as selectable marker
genes, promoters, reporter genes, transformation tech-
niques, and other genetic tools and methods are already
available for various specics (Hallmann, 2007). Outstand-
ingly, the commercial application of algal transgenics is
beginning to be realized, and algal biotechnology compa-
nies are being established.

Genetic and metabolic engineering and transgenics offer
the potential to increase the lipid productivity of microal-
gac and have impact on improving the economics of pro-
duction of microalgal diesel (Sivakumar et al., 2010). In
this regard, many improvements have been realized, in-

water 14 (1)

cluding incrcascd lipid and carbohydrate production, im-
proved H; yields, and the diversion of central metabolic
intermediates into biofucls (Radakovits ef al., 2010). The
transgenic Chlamydomonas reinhardtii is now being de-
veloped for various biotechnological applications, includ-
ing the production of biohydrogen (Melis, 2002). In this
species, mutant created by the genetic blockage of starch
synthesis showed increased accumulation of lipids on a
cellular basis during nitrogen deprivation. In an attempt to
increase algal productivity through down-regulating ex-
pression of the light-harvesting antenna complexes in C.
reinhardiii, the transgenic alga showed higher resistance
to pholo-oxidative damage with a.concordant 30% in-
crease in photosynthetic efficiency (Dismukes ef «l.,
2008). Another fascinating finding in this scenario is an
engineered bluc green alga (i.e. Synechococcus leopo-
liensis) cquipped with the cloned bacterial cellulose syn-
thase genes from Gluconobacter xylinus. This engineered
alga produces extra-cellular deposits of non-crystalline
cellulose, a polymer which is ideal as a feedsiock for bio-
fuel production of various alcohols (Hellingwerf and de
Mattos, 2009). Furthermore, enhanced alcohol production
via genctic engineering has been implemented in two inde-
pendent  cyanobacterial strains  (Synechococcus sp.)
through expression of pyruvate decarboxylase ( pdc) and
alcohol dehydrogenase 11 (adh) genes (Deng and Coleman,
1999). In general, molecular level engineering can be
potentially useful to promote several desirable features of
microalgae (Dismukes ef al., 2008): to increase photosyn-
thetic efficiency to enable increased biomass yield; to en-
hance biomass growth rate; to increase oil content of bio-
mass; (o improve temperature tolerance to reduce the ex-
pense of cooling; to eliminate the light saturation phe-
nomenon so that growth continues to increase in response
to increasing light level; to reduce photoinhibition that
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actually reduces growth rate at midday light intensitics
that occur in temperate and tropical zones; and to reduce
susceptibility to photooxidation that damages cells.

2.2.3. Scenedesmus obliquus as reference strain

The lipid content of S. obliquus is estimated at 40-55%
DW of body mass (Table 1). Especially, the presence of
palmitate and oleate as the main constitueats the lipid in 5.
obliquus makes it an appropriate feedstock for biodiesel
production (Mandal and Mallick, 2009). Like many other
microalgal species, this species has the ability to manipu-
late its metabolism through simple manipulations of the
chemical composition of the culture medium (Xin e/ al.,
2010b) with counsequent high lipid productivity. Mandal
and Mallick (2009) reported that lipid accumulation in S.
obliguus could be improved under certain culture cendi-
tions. Optimizing nitrale, phosphate, and thiosulphate 10
maximize the lipid yield resulted in significant enhance-
ment in lipid accumulation (Mandal and Mallick, 2009).
Under N-deficient culture, the increase in lipid content
reached 43% of its dry weight, in contrast to only 12.7%
increase of the control (Mandal and Mallick, 2009). The
likely explanation could be that under nitrogen limitations
the existing nitrogen is utilized for production of enzymes
and vital cell structures. Morcover, while the rate of pro-
duction of all cell components is lower under nutrient mal-
nourishment, oil production seems to remain higher, lead-
ing to an accumulation of oil in the cells (Sheehan ef al.
1998). Therefore, any carbon dioxide subsequently fixed is
converted into carbohydrate or lipid rather than protein.
For instance, Sheehan ef al. (1998) reported that under P-
deficiency and thiosulphate supplementation, the lipid
content increased up to 30% of the DW. Exposing algal
cells to trace amount of ethyl-2-methyl aceloacctate
(EMA) offers a feasible method to enhance the TAGs pro-
duction in Scenedesmus sp. (Xin ef al., 2010a). Moregver,
the growth and lipid accumulation properties of Scenedes-

s species also show variation under different cultivation

terperature (see Li et al. 2011).

Scenedesmus is also known to either lake up or produce
hydrogen gas depending on the partial hydrogen pressure.
Hydrogen production occurs under anaerobic conditions
both in the dark and in the light. Hydrogen production in
the dark is supposed to be connected to fermentation.
Wunschiers (2002) demonstrated the co-production of
hydrogen and oxygen in anaerobic condition graphically
as measured by gas chromatography (Figure 2). In the
light, hydrogen production ceases directly and oxygen is

produced by photosymhesis. In order to produce hydrogen
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in the bioreacloh, (he algae need (0 be anacrobica“y
dapted Adaptation {0 anaerobic c_ondmon can be oy, .
adapted. - cither by flusiing the algac wigy, Nty

vo different way A ;
‘t:en gas for 3 hours or placing thern the dark over ; )
5 ¢ N P . ol
In the former €asé the oxygen is simply replaced by yy,

gen, in the latter the oxygen is l‘seq blY the f’ﬂ.gae throy,

respiration. After :maerot?lc adaptation, adqnmn of S
grams of sodium-dithioniic .lo. the culture is requireq %
that it will remove the remaining oxygen and the OXygey
produced by photosynthesis dumllg the C"‘Pc"ill}ents, Al
hough not yet clear, aflcr anacrobic gdnplmmm itis pogy,
lated that changes of (hie redox environment activate iy,

inactive hydrogenase, i.c. the thioredoxin affects the agyy,

ity of the hydrogenase.

2.3. Types of microalgal biofuels and their pro-

cessing

Microalgae can supply several different types of renews.
ble biofuicls such as biodiescl derived from microalgal i
(Sheehan et al., 1998; Hu e/ al, 2008); biohydrogen pro-
duced photobiologically (Melis, 2002; Wunschiers, 2002
biomethane produced by anaerobic digestion of algal big-
mass (Spolaore ef al., 2006); bioethanol produced via fer-
mentation and anaerobic digestion of the remaining algl
biomass (Harun e al. 2010). The encrgy production fron
microalgal biomass involves biochemical, thermochemi-
cal. chemical, and direct combustion processes.

The firsl step in a conceptual process for producing Inicro-
algal oils is the production of microalgal biomass by using
light, carbon dioxide, water and inorganic nutrients
(Figure 3). The next step is the biomass-recovery slags,
where the cells suspended in the broth are separated fom
the water and residual nutrients, which are then recycled!0
the biomass-production stage. In the third step, the alga
oil 15 extracted from recovered biomass. Some of the spen
biomass can be utilized as animal feed. In the fourth sip
most of the biomass undergoes anaerobic digestion, which
produces biogas to generate electricity. Effluents from the
anacrobic digester are exploited as a nutrient-rich fertliz”
and as irrigation water.

M_OS‘ of the power generated from the biogas is consumed
within the biomass-production process and any supl®
Rnetgy is sold to grid. In this process, carbon dioxid®
enissions from the power generation stage are fed i0t® U’cl
:gtggszepcf;dt:;]lion. :Thus, ideally, microalgal b}g?l;:;_
e neutral, as all the power needed | b
diesel itself and ;ssmg rilge SRITEID. frmbic: I’
& i 1onl1 methanc produced by mmem,ls "
R mass residue left behind after the O
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Oil productivity of many microalgae greatly exceeds the
oil productivity of the best oil producing crops (Table 3).
Moreover, while the lipid content of microalgae, on a dry
cellular weight basis, varies between 20 and 40 %, lipid
contenis as high as 85 % have been reported for certain
microalgal strains (Chisti 2007: Banerjee ef a/., 2002). In
an impressive contrast with the best oil-producing crops,
biodiese! from microalgae seems to be the only renewable
biofuel that has the potential to completely displace petro-
leum-derived transport fucls without adversely affecting
supply of food and other crop products (Chisti, 2008). This
is because algal ponds and bioreactors for algae produc-
tion can be situated on non-arable land.

2.3.1. Microalgal biodiesel

One of the most efficient ways to prepare microalgal bio-
fuel is through trans-esterification of the algal oils to pro-
duce biodies;l (Sheehan ef al., 1998). The biodiesel trans-
esterification reaction is very simple (Deng ef al., 2009):

Biodiesel production involves mixing triglycerides, metha-
nol, and catalyst (may be alkali such as potassium hydrox-
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ide or acid) in a controlled reaction chamber to undergo
trans-esterification. The initial product is placed in a sepa-
rator to remove the glycerine by-product; the excess meth-
anol is recovered from the methyl esters through evapora-
tion; and the final biodiesel is rinsed with water, pH neu-
tralized, and dricd (Xu e/ al., 2006). Unlike petroleum
fuels, the relative simplicity of biodiesel fabrication makes
its production scalable. The residual biomass from bio-
diesel production processes, lipid-extracted microalgal
biomass residues (LMBRs), is rich in carbohydrates and
proteins. Thus, LMBRSs arc possible

Table 3. Yield per acre of various feedstocks

Source 01l Yield Area to produce

o 172 1540
Cotton 325 13002
Soyabean 446 10932
Mustard seed 572 8524
Sunflower 952 5121
Canola 1190 223
Rapeseed/Cagola 1190 4007
Gil Palm 1892 2577
Jatropha 5950 S19
Algae (10g/m’/day 12000 406
Algae (500/m%day 98500 49

48
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2.3.1. Microalgal biodiesel

Onc of the most eflficient ways to preparc microalgal bio-
fuel is through trans-esterification of the algal oils to pro-
duce biodiesel (Sheehan ef al., 1998). The biodiescl trans-
esterification reaction is very simple (Deng ef al, 2009):

Hr-OCOR, — GH7-OH R,—COOCH,
H—OCOR, + JHOCH, ==——= GCH—OH + R, —COOCH;
CH;OCOR, CHy-OH R,—COOCH,
Triglyceide Methanol Olycero! Mall [C]
(parent oil) {alcohol) e (.:)Igl:;:l';

Biodiescl production involves mixing triglycerides, meth-

anol, and catalyst (may be alkali such as potassium hy-
droxide or acid) in a controlled reaction chamber to under-
go trans-csterification. The initial product is placed in 4
scparator to remove the glycerine by-product; (he CXCCSS
methanol is recovered from the methyl esters (hrough
evaporation; and the final biodicsel is rinsed with waler,
pH neutralized, and dried (Xu er al., 2000). Unlike petro-
leum fuels, the relative simplicity of biodiesel fabrication

makes its production scalable.

The residual biomass from biodiescl production processcs,

cd microalgal biomass residucs (LMBRs), is

lipid-extract
are pos-

rich in carbohydrates and proteins. Thus, LMBRs
sible substrates for dark fermentation to produce hydro-
gen. Yang ef al. (2011) reported that it was difficult to
directly convert LMBRs to hydrogen, probably because
the complex oil extraction proccsscs (dewalering, drying,
wall and extraction with solvents)
caused them to resist biodegradation. They also argued
(hat the thermo-alkaline pretreatment improved the LMBR
solublization lcading (0 an increase in hydrogen produc-
tion. This form of converling LMBRs into hydrogen
serves the dual role in rencwable encrgy production and
sustainable development of microalgal biodiescl industry.

destruction of the cell

Aliemnatively, the production of methane (CHy) via the
anaerobic digestion of microalgal biomass residues from
the biodiesel production process has the potential o meet
energy requirements of the process of convert-
ing primary biomass to fuel. Otherwise, (he residual bio-
mass would bc considered as waste with its disposal cost
increasing the economics for biodiesel production from
microalgae (Chisti, 2007). Therelore, the extraction of
cnergy [rom (he residual biomass could serve as a way (o
maximize energy production from microalgae, and reduce
the overall process costs and wastes (Ehimen e/ al. 2009).

Dimitrov (2007) a
of the algal biomass may

some of the

Iso suggested that the non-lipid portion
be an option for clectricity gen-
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glycerol, the byproduct of biog
ans-esterification, can be Us
ia anacrobic fermentation,

: gy
productio d,

produce hydrogen Vv
Biodicsel can be used s eilh.cr dircct substitute o 2
extender 10 (ossil dicsel fuel I compression gt
has the potential 0 reduce catbon dioxig, hn‘.
d carbon monoxide emissions. The quﬂ“;y J
is cquivalent 10 petroleum diesel a4 cﬂl
with ncgligible change into the CXisu:D
ampbell, 2008). !

gincs and
drocarbon an
the fuel product
be incorporzucd
fucl infrastructure (C

2.3.2. Biohydrogen from microalgae

as is considered as a potential future cney
of the fact that il is rencwable, does gy
in combustion, liberates large amounis
in combustion, and is casily cop.

verted (o cleetricity by fuel cells. It is currently produce
by fossil fucl-bascd processes which emit large amounlsqf
CO,, and relatively smaller amounts ol other air pollufang
such as sulphur dioxide and nitrogen oxides. Miyamgl
(1994) noted that biological Hz production has severl
advantages over hydrogen production by pholoclectro-
chemical or (hermochemical processes, and thus recently
received renewed atlention owing 10 air pollution anf

arming concerns. Photosynthesis involves biolog-
ater into hydrogen and

Hydrogen &
carrier by virtuc
evolve the CO,
energy per unit weight

global w
ical clectrolysis; breakdown of w.
oxygen. In normal photosynthetic pathway, the hydroga
is subscquently combined with carbon dioxide to fom
carbohydrate. But, in some algae and under certain specid
conditions, hydrogen is released instead of carbohydrt
during photosynthesis (Sigfusson, 2007).

Several unicellular chlorophyta have the capacity to p®
duce H, by using water and sunlight as an cnergy souc
(Figure 4). Nearly 70-years ago, Gaffron and Rubin (1942
discovered that green algae such as S. obliquus and
reinhardtii could, depending on Cxpcrimcnlal conditiom
cither assimilate or photo-produce molecular hydrog
(Hy). They obscrved that the algac would somell
switch from the production of oxygen to the produCliO“ d
hydrogen. But, they did not explain the mechans? 0"
his change. In the late 1990s, Melis (2002) foutd
depleting the amount of sulfur available to the algac in"
rupted its internal oxygen flow, allowing the h)’dfo?c"ﬂsc
to produce hydrogen. Chochois ef al. (2009) descr”
direct photolysis mechanism for hydrogen productio” "
reinhardtii and discussed the possibility of Suslﬂinﬂbt
production.

mes

y
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When C. reinhardtii cells are illuminated after adaptation
to anaerobic conditions, electrons originating from water
splitting at PSII are driven by the photosynthetic electron

transport chain to ferredoxin and to a reversible iron hy-
drogenase, thereby enabling the production of H, from
water and solar energy (Figure 4).

L,

2 H.Q

Photosynthese

» et + 4@ + 4 1

&

qe +» 4 4

Hydrogenase | - pq 4

Figure 4. The reactions involved in photohydrogen production (Wunschiers, 2002)

2.3.3. Bioethanol from microalgae

Biocthanol, produced from rencwable biomass such as
sugar and starch materials, is believed to be one of the
alternative energy sources, and it is currently being har-
nessed extensively. Nevertheless, the ulilization of sugar
and starch materials as fecdstocks for bioethano! produc-
tion creates a major competition with the food market in
terms of land for cultivation, and this makes bioethanol
from these sources economically less attractive. Harun et
al. (2010) reported that microalgae (Chlorococum sp.) are
suitable as a substrate for bioethanol production via yeast
(Saccharomyces bayanus) under different fermentation
conditions. In their study, Harun ef al. (2010) found out
that at the productivity level of 3.83 g L™, current produc-
tion systems endorses microalgae as a promising substrate
for bioethanol production.

2.3.4. Biomethanol from microalgae

The application of algae in search for sustainable renewa-
ble energy in the form of Biomethanol was proposed long
ago. Golucke and Oswvald (1959) argued that hypothet-
ical systems designed to overcome certain disadvantages
of solar energy systems involved algae. According to Gol-
ucke and Oswvald (1959), the hypothesized systems in-
volve the transformation of solar energy into the cellular
energy of algae; the cellular energy of the algae would in
turn be converted to the chemical energy of methane
through-the anaerobic fermentation of algae by bacteria.
As a fuel, bio-methanol can either be blended with petrol,
or it can be used as a feedstock for other environmentally

friendly fuels.

water 14 (1)

Compared to other hydrocarbon fuels, bumning methane
produces less carbon dioxide for cach unit of heat re-
leased. It is reporied that, at about 891 kJ/mol, methane's
combustion heat is lower than any other hydrocarbon; but
the ratio of the molecular mass (16.0 g/mol) to the heat of
combustion (891 kJ/mol) shows that methane, being the
simplest hydrocarbon, produces more heat per mass unit
than other complex hydrocarbons. Fermentation of Me-
thane offers an effective means of pollution reduction,
superior o that achieved via conventional aerobic process-
€S

3. Other Applications of microalgae coupled
with biofuel production

Since the first use of microalgae (such as Nosfoc) to sur-
vive during famine in China about 2000 years back
(Spolaor er al., 2006) and the first notion of application of
microalgac in the production of biogas in {fifiies
(Benemann, 2008), and later proposal as a source of dif-
ferent types of fuel, several application areas have been
identified (Satyanarayana ef al., 2010). Combination of
various applications like coupling the microalgal biomass
production for biofuel with wastewater treatment and se-
questering flue gases from industries will serve many pur-
poses and can be more economical.

3.1 Microalgae in wastewater treatment

In wastewater-treatment facilities, microalgae can be used
to reduce the amount of toxic chemicals needed to clean
and purify water (Wen, 2009).)
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This attribute is associated with the fact that the actively
growing microalgae tend to be highly negatively charged
on their surface and hence strongly adsorb polyvalent cati-
ons (Oswald, 2003). Thus, the algal biomass produced in
the algal wastewater treatment ponds in relation to the
concentration of heavy metals present in such systems can
absorb and remove most of these metals from the system
(Ramani 1974, cited in Oswald, 2003). Accordingly, mi-
croalgac can be cultivated in waste discharges to couple
waste treatment with hiodiesel production. Mandal and
Mallick (2011) found out that in Scenedesimus obliguus
the lipid pool accumulation was boosted o 1.0 g L'
against 0.1 g L' for the control. Besides, the waste-grown
S. obliquus showed an increase in the content of the satu-
rated fatty acid pool, which is desirable for good-quality
biodiesel. Therefore, wastewater fertilized algal pond of-
fers multi-purposes: production of biomass for biofuel
production; production of oxygen to support bacterial
growth; nutrient uptake; adsorption of heavy metals and
mdirectly disinfecting water bodies. According to Oswald
(2003), microalgal growth and CO, assimilation raises the
pond pH to above 9 and dissolved O, concentration well
above twice the saturation level resulting in the removal of
coliforms and ova of parasites.

3.2. Microalgae in CO, mitigation‘

The huge amounts of potentially recoverable CO, released
from industries and other various human activities neces-
sitate the development of technologies for sequestering or,
utilizing this CO,. The microalgae are potential candidates
for utilizing excessive amounts of CO,, since when culti-
vated these organisms are capable of fixing CG; to pro-
duce energy and chemical compounds upon exposure (o
sunlight. CO, fixation by microalgae, coupled with biofuel
production and wastewater treatment, may provide a very
promising alternative to curren{ CO, mifigation strategies.
The photoautotrophic CO, fixation by algal cultures has
the potential to diminish the release of CO, into the atinos-
phere, helping alleviate the trend toward global warming
(Ono and Cuello, 2003). Microalgae are aircady known
for their ability to fix CO, efficiently from different
sourcces, including the atmosphere, industrial exhaust gas-
es, and soluble carbonate salts (Wang ef al., 2008).

4. Microalgal biofuel production opportuni-
ties in Ethiopia

Ethiopia, as one of a fast growing country, needs to look
for all possible alternatives of energy to meet its escalating

demands. Since we have all the aforementioned merits and
potential to develop microalgae biofuel, it would be valua-
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ble for the country like Ethiopia 1o erpbark i‘n this iI{dus.

try. Above all, the country is localeQ u: lroglcs, Teceiving

sunlight throughout the year, whch is ‘free’ raw materig

for microalgal biomass production. More9ver, the freagh.
water bodies of the country are rich in lmcroalg;.il specics
with biofuel production potential. Many of the Rift Valley
Lakes harbor abundant population of algal §pecies with
(his potential. For instance, Scenedesmits SPECICS 4re abun.
dant in Lake Ziway (Wood and Talling, 1988) and Lake
Chamo (Eyasu Shumbulo, 2004). They are also found ip
the largest lake of Ethiopia, Lake Tana, (Wondie Zelalem,
2013) and in some of the Debre Zeit Crater Lakes (Tamiry

Gebre, 20006; Rediet ef al., 2014).

5. Promises and challenges in the algae-to-
biofuel industries

Microalgal cfficiency in converting solar energy (3-8%)
into chemical energy, and production of higher biomass
(20-60 g/m*/day) and oil yicld than conventional energy
crops (only 0.5% efficiency with <10 g/m%day yield) are
good opportunities (o embark on in this business (Lardon
et al., 2009). Owing to these features, recently worldwide
altention is given to research activities related to microal-
gae and their production. The issue has attracted much
courtesy of many scientists and government officials in a
number of countries. Scientists are devoting much of their
time in microalgal research and many govermnments are
funding a considerable sum of money for projects related
to microalgae (Francis 2006; Basque, 2009; IANS, 2010).
Though many challenges remain in microalgal biodiesel
production, more and more inventors are commitied to
believe that the rewards would eventually outweigh the
risks and, so far, microalgac investments have reached
over $900 million woridwide (Deng er ai., 2009).

Siobhan (2019) reported that aircraft runs on algal biofuel,
which is a big promise/feedback to efforts made in the
realm of algal rescarch. He added that the use of algal
biofuel made the aircraft 10% more efficient and fuel con-

sumption was 1.5 liters per hour lower when compared to
conventional fuel,

Although significant advances have been made in algal
research and these have increased their industrial rele-
vance, the application is still facing various challenges.
Yet, significant scientific and engineering challenges re-
main to the full commercialization of microalgae-to-
biofuel technology (Kumar e¢ al., 2010).
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" >97% efficiency. Bul, still much lower enere

Once the biomass is produced, the next challenge is the
dilute nature of microalgal culture, which puts a huge eco-
nomic burden on the dewatering process of algal biomass
especially on an industrial scale. Danquah er al., (2009)
found out that the tangential flow fltration concentrates
the microalgae feedstock up to 148 times by consuming
2.06 kWh m™ of energy reported to be better when com-
pared to other methods. The latest finding reported by
Malos ef al. (2013) is to combine elctro-coagulation with
centrifugation processes that proved to decrease signifi-
cantly the cnergy demand for biomass recovery with
gy consuming
techniques are demanding, Furthermore, extracting and
purifying oil from algae continues (o be 3 significant chal-

lenge in producing both microalgal bioproducts and biofu-
el, as microbial oil extraction is relatively energy-intensive
and costly (Mercer and Armenta, 2011). In this respect,
developing ecconomical and vigorous oil extraction and
purification processes is a major challenge facing the mi-
croalgae to biofuel industries (Table 4).

The future trends of microalgal biofuel fate was summa-
rized by Vieira (2014) as follows: the combination of Ac-
cumulated Knowledge, Regulatory Actions and Market
Needs will sustain the quest for: microalgae for Food,
Feed and Ceutical uses; specific biofuels from microalgae
are possible; and research will continue its exponential
growth.

Table 4: Some common extraction methods and their effectiveness at recovering lipids

Extraction Method Organism Recovered oil Fatty acid
(%) - (% 1 Recovered oil)
wet milling Scenedesmus dimorphus 25
Chlorella protethecoides 14.4
Soxhlet Scenedesmus dimorphus 6.3
Chiorella protothecoides 5.6
French press Chlorella protothecoides 14.9
Scenedesmus dimorphus 29.2
solvent/sapomification | Bomvecoccus braunii 12.1 oleic — 56.3 linolenic — 19.0
Chiorella vulgaris 255
Bligh and Dyer (dry) Spirulina maxima 5.5
Mortizreila alpina 411 oleic — 49.3; palmitic — 15.3
Crypthecodinium colinii 19.9 DHA - 49.5; palmitic — 229
solvent Porphyridium crientum 595 EPA —-795
ltransesterification Synechocystis sp. 73 palmitic - 59.2 oleic — 16.7
Solvent Phaeodactylum tricornutum 96.1 EPA - 23 7: palmitoleic — 19 2
Spirulina platensis 77.9 linolenic acid 20 .2; palmitic 40
supercritical carbon Spirulina maxima 40 lmolenic acid 13
dioxide extraction Nannochloropsis sp. 25 EPA -32.1; palmitic — 17.8
Crypthecodinium cohnii 8.6 DHA — 42.7; palmitic — 253
| ultrasonic assisted Crypthecodinium cohnii 259 DHA - 39 .3; palmitic — 37.9
extraction

6. Conclusions

Microalgal biofuels are promising to displace fossil fuels
in light of their intrinsic efficiency (o convert solar energy
into chemical energy, and their significantly higher poten-
tial yield of oils suitable for biofuel production than terres-
trial crops. A number of achievements in genetic and met-
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abolic engineering of algal strains to optimize their pro-
duction costs have been recoded during the last few years.
In addition, many technical aspects have been upgraded in
the course of algal biomass production and biomass pro-
cessing techniques to yield biofuels, Yet, the production
cost is challenging the efforts of algae-to-biofuel indus-

tries.
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Neverlhcless, owin
fossil fuels, energ

and the potential
for limited

£ to the current growing concern over
Y Security, greenhouse gas emissions,
of other biofuel feedstocks to compete
rhin agricultural Iesources, there is mounting world-
w1d.e Interest in microalgal biofuels, Therefore, employing
engineered/(ransgenic strains in ponds or photobioreactors,
acc?mpanied by efficient harvesting /dewatering/ concen-
trating techniques and oil extracting mechanisms, microal-
gal production can be scaled-up (o industrial level.

Furthermore, the availability of plenty of sunshine and
favorably high temperature in the tropics, may favor the
production of hydrogen in a low-cost system in a closed
photobioreactor. Espccially in the landlocked countries
like Ethiopia, where there are “thirtcen months of sun-

shine”, the contribution of this to the economy should not
be underestimated.
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Flood Water Management in Yanda-Faro Spa

Ethiopia
Getahun Geb

I Arba Minch University,

Abstract

e . . . " Tictio
Life in a water scarce environment is challenging and crop proc

Yanda-Faro spate irrigation system, which is considerad Jor this ¢ .
study area in pa’

SNNPR State of Ethiopia. In Fthiopia in general and in the

tial to reduce poverty and establish food security. This study Jo
associated problem of crop production and livelihood improvenien! gfthe
ty. The research was done by involving botl quantitative and qualitafive
secondary data. Livelihood improvements of the conmunity and flood waler mand Talipnnlins fn

ined by structired questionnaires. Systematic soil and water analyses were also conducied to defermine the impacy o,
linity and sodicity on sorghum and maize yields and the infiltration rate of the
livelihood of Yanda-Faro spate irrigation farming commnity is bas
Jall availability at upstream for its flood water. To cope with the challenge
duced key water management of water rights and rules and an effective
organization was effective in mobilizing the resources and in executing the nmjntf
downstream farmers and mitigating conflicts. In this study it has shown thal the irrigat ed soil does not have yield loss d
10 soil salinity problem. Nevertheless, both crop production and livestock development characterized as poorly intensifiy

and productivity is kept (o @ mininum.

1. Introduction

1.1. Background

Spate irrigation is a flood water harvesting and manage-
ment system. The flood water is usually generated by
heavy rainfall in upper catchments. In spale irrigation sys-
tein, flood water [rom mountain catchments is diverted
from river beds (wadie’s) and spread over imigated arcas.
Spate irrigation is practiced in parts of Alrica, the Middlc
East, West India and Latin, America FAQ (2011) irriga-
tion and drainage paper 65. The uncertainty comes both
from the unprediclable nature of the floods and the [re-
quent changes lo the river courses and beds from which
flood water is diverted. Besides providing imrigation, the
flood water in the spate system can recharge shallow aqui-
fers (especially in river beds), they [ill ponds and in some
arcas are used (o spread water for pasture or forest land.
Spale imigation system requires strong local cooperation
and agrecement on how to distributc the common good
which is unpredictable and uneven. The short duration
floods on which it is based are often forceful in nature,
requiring special techniques and special organization to
manage and distribute the water.
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In spite of the fact that spate irrigation is the oldest irio-
tion system dating back 1o 70 centuries, and 1t has been
used until today as an important source (o support the live-
lihood for the most marginal communitics in Ethiopia and
several other developing countries, it has received litle
atiention from development agencies and researcers
(Avelino, 2012). The importance of spate irrigation can a0l
(o be underestimated since it is the only method of img
tion in several arcas for achicving sufficient crop yield,

1.2. Problemn of Statement

In Ethiopia spate irrigation is recently promoted by ¢
government and farmers’ initiatives. Feasibility studies
sugeest that it can support many farmers ju large €O
mand areas. Given (le high rc]dr:mcc of food securily
for El{liopia n general and for (he study arca in particl
Spate irrigation is foreseen g5 having potential 10 ™
duce poverty and establish food security. Undersin®
g the local irrigaion practices and the major water M
agement related elemepys and processes in lﬁe spalc jmigd
o e i 1
mainicnay esign, layout, construction, operatio” X [
land ang 1Cj: Or e '"‘f“lsmlcmre as well as the nalu™® ?.

and water yse 0ghts and (heir enforcement mechd

nisms. Ther i y 2
elore, rescarch focuses on understanding pro
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associated with operation and maintcnance of existing
structurcs of the system, water and land distribution and
problem of soil salinization and sodicity in the spate irri-
gated field and livelihood basis of the community Yanda-
faro spate irrigation command area is required.

2. Research Objectives

The general objective of the studylwas to assess and ana-
lyze (he flood water management pr\oblem for crop pro-

duction in Yand afaro spate lrrlgduon\ scheme and the live-
lihood opportunitics of (he commumly.

The specific objectives were

¢ To investigate soil physical and chemical property of
Yanda-Faro spate irrigation command area.

¢ To understand rights and rules that entitles water and
land to users of Yanda-Faro spate irrigation system,

¢ To understand the existing floods water management
and water distribution in Yanda-Faro spate irrigation
system. To evaluate livelihood opportunities of Yanda
-Faro spate irrigation users.

3. Materials and

3.1. Description of the Study Area

The Konso, Yanda-Faro spate irrigation is found in the -

Konso woreda in Konso, SNNPRS, and is situated at 515"
N latitude and 37°30' E longitmde. Konso is bordered on
the south by he Oromia Region, on the west by the Woito
River which separates it from the Debub Omo Zone, on
the north by the Derashe woreda, and on the east by Burji
woreda. Based on the 2007 Census conducted, this woreda
has a total of 44,902 households with a total population of
235,087, of which 113, 412 are men and 121,675 women
(CSA, 2007). Konso has semi-arid and arid agro climatic
condition with average monthly rainfall ranging from
13.97 to 53.18 mum and mean

daily temperature of about 28°C. The livelihood of the
Konso people is mostly based on agriculture and thus,
crop production, animal husbandry and marginal trading
are dominant economic activities.

3.2 Data Collection

This research involved both quantitative and qualitative
data analysis of primary and secondary data sources. Field
test and laboratory observations, were used to generate
soil information and interviews, and focus group discus-

sions were used understand the technical, institutional and
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legal framework of the Yanda-Faro spate irrigation sys-
tem.

3.3 Field Test and Laboratory Observations

The soil physical characterization such as infiltration rate,
textural classifications, bulk density, soil moisture holding

capacity analysis were done by conducting field and labor-
atory measurements.

3.4 Laboratory observation of soil samples

The laboratory soil analyses were divided into two, the
physical and chemical (salinity and sodicity) analysis. The
physical analysis was conducted for the determination of
soil water holding capacity, bulk density, porosity, and
lexture classification. Soil chemical analysis was conduct-
ed for checking soil reaction (salinity and sodicity).

3.5 Laboratory observations for soil physical
properties

For this purpose soil samples from six sample points were
collected — two in cach of the upstream, midstream and
downstream spate irrigation command area. For the deter-
mination of the dry bulk density undisturbed soil samples
(at consecutive depths, 0-30cm, second 30-60cm and
60cm -1m depth) were used. The samples were collected
using core samplers of 582-1046em’ capacily. The soil
samples were saturated and weighed, then oven dried and
again weighed. The water holding capacity (porosity) of
the soil of Yanda-Faro spate irrigation command area was
obtained using the gravimetric method, using wet mass of
soil sample and mass of oven dry sample. The total porosi-

ty of the soil was determined by using the following rela-
tions:

n (%) = 100*(1-Bd/Pd)

Where n is the porosity of the soil; Bd is the bulk density

g/em’ and Pd is particle density g/cm3 where is approm-
mately 2.65g/cm’

The dry bulk density of the soil samples was determined

using the following relations

Mds

pbd - VT

Where py, is dry bulk density of the soil sample in g/cm3,

My, is the mass of the dry soil sample in gm, V1 volume of
soil cm’®
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The soil texture of the Yanda-Faro spatc irrigation com-
mand arca was carried out using hydrometry method in
laboratory. For this purpose soil samples from six sample
points werc collected — two samples in each of the up-
stream. midstream and downstream irrigation zoncs. At
cach sample point, two samples were collected cach from
the topsoil (0 to 30 cm depth) and the sub-soil 30 cm
tolm depth). Then each soil sample was mixed thoroughly
to form composite sample for the topsoil and the sub-soil.
They were then subject to the standard procedure of the
hydrometer method.

3.6 Laboratory observations for soil chemical
properties

Soil samples were collected from 34 different sample
points in spate irrigation command area [rom depths ol 0-
30 em, 30-60 cm, and 60cm-Im at each point. The cations
of the soil of the irrigated field were determined using
flame-photometry, electric conductivity (EC) meter and
titration methods U.S Salinity Laboratory staff (19340).
Chemical quality (salinity and sodicity) of both suriace
and subsurface was analyzed.

To determine the soil salinity, soil samples from 34 sam-
ple points at 400m intervals were collected. Each soil sam-
ple was mixed thoroughly to get saturated paste extract.
Putting on mechanical shaking machine for an hour for
two hours, the saturated paste was extracted and the clec-
tric conductivity of the extract was determined with an EC
-meler, calcium and magnesium ions by using titration
method and sedium ion done using flame photometry
tecliniques.

3.7 Group Discussion

Discussion with water user association and users has been
uscd to prepare the flood water management system, land
" sharing and flood sharing system aspect of the study.

3.8 Interview

Randomly selected households were interviewed using
structured questionnaires. Depending on the beneficiaries
of Yanda-Faro spate irrigation alone and both Yanda-Faro
spate irrigation and Segen-Sewate small scalc irrigation,
the respondents were stratified and a total of 265 house-
holds were interviewed. That is, after the stratification, 58
houscholds from Yanda only users and 207 houscholds
from the users of both systems were randomly sclected for
interview from 3 villages, viz., Jarso, Dara and Birbirsa.

For unbiased data collection and smooth communication,
it was decided to hire three enumerators who speak the
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Joeal language. Therelore, three coumeritons and one el
coordinator were hired 1o complote the household iy
viewing, They were trained on vode of conduct Tor dag
collection and interview approaches,

Yanda-Faro spate system users are unique b that majority
ol beneliciarics have Tems inthe Sepen and they prodace
their crop by using, Yanda spate ivrigation and Sepen small
scale irrigation. Henee to examine lvelibood ol the Yanda
spate irripation user it required (o interview (he howsehold
that usc only the Vinda spate system

3.9 Data analysis

The data obtained from household survey throuph stiucs
red questionnaire were edited, coded and entered mto
SPSS (version 16) soltware for analysis, Descriplive st
tistics such as pereentape, frequency, nicin, maximom and
minimun were used to anatyze the data.

4. Results and Discussions
4.1. Physical and Chemical Properties of the
Sails of Yaunda-Faroe Spate Trrigation Commuand

area

4.1.1. Soil texture
Table! the soil textural class’s ofYanda-laro Tarn

Most of the relatively coarser sediments might have settled
in the upstream catchment of Yanda, This may be the rea-
son why (he silt content of the Yanda spate nripation area
is higher. The results obtained indicated that the top-soil
samples  aken  from (he Oneya  (upstream),  polota
(midstream) and Tarakohoma (downstream) ficlds were
found to be predonumanty siliy clay foam and silt loam
whercas all the sub-soil samples were silty Toam and silty
clay.

Tablel: the soil textural class solfYanda-Faro farm

[ Upstream Oneva fields | Sand | %% Sih o Chy | Textue cbiss
Topsoil saple 198 5008 | 20| s Joam o
Sub-soil sample XTI IFTE N Y T S‘ﬁfﬁﬁ?ﬂﬁ
Midstream Potota field o I
Topsoil sample S BN [T [Siyey
Sub-soul saple O3 [ STI | I0AT Sty clay ban
Downstream e
Tarakohoma field
Topsall sanuple N s | TIe [Sienm |

| Sub-soil sample (B TH N O T [T
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4.1.2 Dry bulk density

The dry bulk density, total porosity and the water content
at saturation obtained by the methods and procedures dis-
cussed in the below are presented in Table 4.2 Saturation
level corresponds (o a 100% occupation of the total poros-
ity with water. The results also indicate that the silty loam

texture of the soil does not affect the overall water holding
capacity of the whole irrigation ficld.

A bulk density of 1.6 g em™ affects root growth and of 1.8

-3 Ay . K ¥
g cm™ severely restricts it. All the assessed Yanda fields
have bulk densities lower than these values,

Table 2: Dry bulk density and porosity for Yanda-Faro
irrigated area

Selected field and their Bulk density | porosity
texture (gfeny’’ (6)
Upsmream Oneva fields

Topsoil sample 1.2585 52.45
Sub-soil sample 1.31 45.1
Midstream Potota field

Topsoil sample 1.111 53.05
Sub-sod sanmle 1.169 55.7
Dowustreawm

Tarakohoma field

Topsoil sample 1.162 56.15
Sab-soil sample 1217 34.05

4.1.3. Soil salinity and sodicity

Table 3 shows Measured cations concentration, SAR Ec
and ESP values in meq/l of Yanda-Faro soil samples of
the saturation paste zxtracts of soil samples and sodi-
umeation [rom flame photometry.

Table 3: Cation concentration and salinity

Salinity and sodicity are among the maj_or problems Fhreal-
ening the sustainability of irrigated agriculture; partnculg:-
ly in the arid and semi-arid regions of Ihg v_vo‘rld to which
the Yanda-Faro arca belongs. Generally, in irrigated areas,
these salts often originate from a saline, shallow ground-
waler table (within 2 to 5 m of the surface), or from salts
in the applied water.

There is agreed perception among the majority of the
farmers and irrigation specialists that the flash floods sup-
plicd by the Yanda river is a source of good quality irriga-
tion water, which does not cause soil salinization and
sodicity 1o a level that would reduce the crop yield and
limit soil infiltration rate.

4.2. Yanda-Faro Spate Irrigation Management
System

4.2.1 The existing field water management
practices

There are three improved intakes and a lot of unimproved
diversions in Yanda-Faro spate system.

On the command area water is distributed through a well-
laid network of main, secondary and tertiary canals. The
shape of the main canal is rectangular, narrow and high.
The preference of Konso farmers for this shape of canals
relates 1o low sedimentations were taking place in the fast
flowing canals.

A traditionally cstablished farmers association is made
responsible to assure equilable distribution of water within
the canal network. Flood water isusually released into the
ficlds surrounded by ficld bunds through the tertiary ca-
nals for about three howrs and retained there for three (o
four days in order to let the water infiltrate into the soil.
Ficld bunds are typically 40 to 60 centimeters high. The
height of the bunds is fixed traditionally by farmers with
the aim of holding as much water as possible.

Field Average Average Average Total | Average | Averag | Ec
category sodum ion | Calcumion | Magresium | cations SAR | eESP | (dS/m)
(Na") for (Ca) ion
Me™)
Upstream 14.95 47.17 23.86 85.99 2.83 282 | 0416
Midstream 14.24 26.69 12.84 5277 34 358 | 0234
Downstream |  18.33 76.49 26.24 214 | 312 | 321 | 069

water 14 (1)
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It could be more effective if the height of the field bunds
is fixed/designed considering the intake rate of the soil,
and the stability of the bund under different water depths

4.2.2. Institutional set up and community man-
agement of spate irrigation in Yanda-Faro

In the studying area of Yanda-Faro spatc imrigation, com-
munity manages (heir spate system under technical and
financial support of EEMY-SWS. EEMY-SWS is a coun-
try based non-governmental organization, has been carry-
ing out a number of integrated development activitics,
which include improving intakes, capacity building, spe-
cialized supplying, seedling production, diffcrent demon-
stration sight development, community water supply de-
velopment in its program of Yanda-Faro Segon-Sawale
Food Security Project.

Before improve intakes are constructed, all the beneficiar-
ies are organized under their strong traditional organiza-
don system that is similar of Water User Association
(WUA). After 1990 all the above local administration
system tended 10 change in modern WUA systems. i is
started after construction of improved intakes. Today all
the users’ are organized into committees, groups and sub-
groups. For each improved intakes 26 member of commit-
tee established, this commitiee has different sub groups:
administration, purchasing, selling, judge, supervision sub
-comimnittee.

The major tasks of a sub-group leader are: niobilizing and

supervising a team of farmers to work on main structures;
implementing waler distribution rules; reporting water
related and other social conflicts; and messages and re-
quests from individual farmers to the group leader. All
main comunitiee members are sclected from users and
divided into sub-groups and together form a committee of
WUA, Which decides on, among other things: when and
how a construction and maintenance of a structure should
be done; the allocation and distribution of water.

4.2.3. Operation and maintenance system of Yan-
da-Faro spate infrastructure

Each flood flow has to be efficiently diverted in time with
no or minimum damage to irrigation structures and cangls
networks while avoiding flow of water (o loss. This is the
first main objective of operation task for the Yanda-Faro
farmer. The sccond main objective is that after eacly im-
proved diversion of Yanda, the flood water has to be dis-

water 14 (1)
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tributed (o their farmlands within the command area of (pe
Yanda-Faro. Similarly, maintenance of a system is anothg,
important management task for diversion weirs, irrigatioy
structures and canal networks for Yanda-Faro farmers,

The more cquitable distribution ol waler that comes wi)
it makes collective work on maintaining the channel net-
work in principlc less problematic. In Yanda-Faro on cach
canal a small commitlee (usually three persons) is in place
that handles the maintenance. Every year ficld bunds are
maintained or renovated by removing the deposited silt
and pushing il to the border.

4.2.4. Relationship between water rules and
maintenance

The links between the water rights and rules, and the or-
ganization and execution of maintenance tasks in Yanda-
Faro spate irrigation systems, were based on one’s contri-
bution to maintenance of main and branch canals and
structures. If one fails 10 contribuie in maintenance, he
will be punished by WUA and but (o be allowed to irrigale
his field. Contributing labour was not a prerequisite for
preserving one’s water right. The minimum amount of
labour and materials or moncy needed for maintcnance.
The fact that tail-end farmers were interested in sharing
the burden of maintenance only if they would not system-
atically be deprived of their water right, made “the critical
mass factor” vital for serving as a check on an inequily in
walter sharing.

4.3. Land Ownership
4.3.1. Rights and rules on land demarcation

Demarcation rights and rules define the boundary of the
arca cnlitled o irrigation and sel prioritics (o access water

depending on the year of establishment of the different

fields. Among others, changes in (he course of rivers

breaching, silting up or scouring of canals, and rising of
ficlds above irrigable command levels

are frequent and
can occur on a yearly b

i asis. They often protect (he prior
rights of downstream landowners by restricting or even

prohibiting new land development upstream, which could
hax;e resulted in the diversion of Nlood water to new terri-
tories and a redefinition of (he group of shareholders.

4.3.2. Land sharing system in the community

Land distribujop System in Y

had donc by strong local admip
On communa| Jand.

anda-Faro spate irrigation
Istration system in the arca

6l
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If the land was owned previously by private owner, then
(he administration has no right to distribute. If anybody

f (hat needs farming land near Yanda course then applica-
tion is submitled Lo their cstablished WUA that adminis-
(rate a given intake administrations. Each association has
seven committee that authorize land distribution, equitable
water distribution, maintenance and operation aclivity for
(he intakes and canals that are whether improved or unim-
proved. This association has high responsibility 1o follow
cach activity flood irrigation system. They punish il any-
body refuses to clear canals and maintenance of (he Sys-
tems or violet their flood irrigation wrn or breaches by-
laws.

Each farmer has land on upstrcam, middle and down-
stream ((ail) nrigable arca on the Nood water conveyance
systems. That mcans, onc farmer has a picce of land on
head, middle and tail part of a canal. This system of land
sharing has advantages on equitable sharing of flood wa-
ter. If the Mood is short and stop afier irrigation areas near
the intake, then all of the farmers will get Nood on their
first plot. If the Noed is enough for irrigating the head and
middle arcas and stops then everybody gets flood on firsl
and second plot of land.

4.4, Livelihood Opportunities of the Yanda-
Faro Farming Community

All Yanda-Faro communily depends on agriculture for
their livelihoods. As a result, agricultural production and
productivity is highly influenced by rainfall availability
and distribution in Yanda catchment, which ultimately
controls the crop yields.

4.4.1, Structure of the households

Based on the sampled intervicwers of 58 house hold heads
in the Yanda communily, the HHHs are at 100 % male
and their mean age is 37years old. The HHHs arc relative-
ly young as 32 % of them arc below 30 years old and 68
% of them arc below 40 ycars.

| With regard to education, 84.2 % of the HHHs have never
1 attended school but 15.8% have received more than
7"grade education. '

water 14 (1)

5. Conclusions

This study focused on the
ment for spalc irrigation, li
characlerization for a bellc

analysis of flood walcr manage-
velihood practices and soil
r infiltration, soil lexture,

bulk density, soil waler holding capacity, salinizalion
and sodicity problem The study was developed for the
Yanda-Faro spate system Lo enhance soil and water man-
agemenl experience. Some conclusions from this study arc

produced as follows:

Collectively, the water rights and rules crcate a per-
ception of fairness of water distribution between the
upstrcam and downstream farmers, thus gencrating an
atmosphere of cooperation between them. To perform
these tasks, however, the water rights and rules must
be observed by the majority of the farmers.

The water distribution and maintenance is operated
by local water rights and rules and they arc sufficient

Agriculture is the main economic and livelihood base
in my study arca, however both crop production and
livestock development characterized as poorly inten-
sified and productivity is kept to a minimum.,

The midstream irrigated ficlds have averagely silty
clay soils. Its basic infiltration rate is 18mm/hr. which
can be moderately slow class

Unlike in perennial irrigation, in spate irrigation sys-
tems in, the water application  period and the crop
preduction scason arc not the same,

The soil bulk densities of the ficlds are less than 1.5 g
cm-3, which does not hinder root development.

In the Yanda-Faro, however, salinily measurements
conducted in thirty four randomly selected fields:
Hence, it may be assumed that the actual irrigation

field couldn’ have yicld reductions and no threat that
minimizc yicld loss.

62

Gener ated by CantScanner fromintsig.com



References

Alemaychu Taye (2008). Ethiopia spate irrigation.Country
profile Addis Ababa, Oromia water works super-
vision and design enterprise bureau, Addis ababa,
Ethwopia.

Allen, R. P. (1998). Crop cvapotranspiration: Guidelines
lor computing crop water requircments. FAO
Irrigation and Drainage Paper 56, FAO. Rome.
[taly

Avelino, J.C. (2012).Optimization of farm water manage-
ment and agronomic practices under spate iriga-
tion in Gash Agricultural Scheme. MSe Thesis,
UNESCO-IHE Insutute for Water Education,
Delft, the Netherlands, p. 13-19.

Chukala, A, D. (2010). Usc of Flash Floods(or Optomiz-
ing Prodﬁcliviiyin Irrigation. Case of Boru Dodo-
ta  Spatc  hrigation  Scheme.  MSc
UNESCO-IHE.Delft, the Netherlands.

Thesis,

FAO (Food And Agricultaral Organization) (1987). Spate
lrrigation: Proceedings of the sub-Regional Ex-
pert's Consultation on Wadi Development for
Agriculture in the Natwral Yemen, United Na-
tions Development Program(UNDP)/T'AO, Aden,
Republic of Yemen, 6-10 December. 1987, 180
Pp.

Haile, A. M. (2007). Tradition in Transition.Water man-
agemen( reforms and indigenous spale imigatin
managementsysiem inEritrea, Taylor & Francis/
Balkema publisher, UNESCO-IHE Institute for
Water Education, Delfl, the Netherland

Maas, E.V., and Grauan, S.R.. 1999. Crop yiclds as aflcct-
ed by salinity, p. 35-108.In R.W., Skaggs and
van Schilfeaarde J.. 1999 (Eds.), Agricultural
drainage. Agronomy Monograph 38.

ASA CSSA SSSA Madison W1

Mul, M. K. (2007). Water allocation practices among
smallholder farmers in South Pare Mountains,
Tanzania; The issuc of scales. Agricultural Water
Managcement.

U.S. Salinity Laboratory (1954). Carbonatc and bicar-
bonate by titration with acid. P 98.1In: L. A,
Richards (Ed.). Diagnosis and improvement of
saline and alkali soils. USDA Agricultural Hand-
book 60. US. Government Printing Office,
Washington,D.C. USA

water 14 (1)

CGener at ed

Van steenbergen. I, Abraham Mchari Haile, Taye Ale.
mayehu, Tena Alamirew and Yohannes Gelety,
(2011). Status and polential of spate irrigation iy
Ethiopia, Spatec  nclwork, Availableat:hp.y
W spale-irrigation.org/resource-documents’
overview-papers. Accessed on 9 July, 2013

Weldeslassie, S. L. (2012). Community Flood Water Man-
agement. Case Study from Boru-Dodola Spale
lrigation scheme. MSe Thesis. ArbaMinch Uni-
versity Institute of Technology department of
Water resource and IrrigationEngineering, Arba-
Minch, Ethiopia.

03

by CanScanner fromintsig.com

i



Optimizing Reservoir Operation Policy Using Chance Constraint Non Linear Pro-
gramming for Koga Irrigation Dam, Ethiopia

ASS: vl 0 = '
Kassahun Birhanu®, Tena Alamirew", Megerssa Olumana® and Dagnachew Aklog *, Semu Ayalew*
s5chool of Natural Resources and Environmental Engincering, Institute of Technology, Haramaya Universily, Ethiopia,
kbirhan@gmail.com
Head, Knowledge Generation Division, Water and Land Resource Center , Addis Ababa, Ethiopia,

AUt S LECISRIp iTbaliyeolk Engincering and Built Environment, 7shwane Universily of Technology,
South Africa,
dCenter for International AfTairs; Tottori University: Japan

‘Department of Civil Engineering, Inslitute of Technology, Addis Ababa University, Ethiopia,

Abstract

One of the (vpical problems in water resomrce systems modeling is the derivation of an optimal operaling policy for reser-
voir 1o ensure water is nised more efficiently. A reservoir "i"”’&’fffg policy is a sequence of decisions in operational peri-
ads specified as functions of the siate of the svsiem defined by the reservoir storage af the beginning of the period and the
inflow to the reservoir during the period. This paper presents an optimization analysis fo determine monthly operaling
policies for five scenarios of predetermined cropping patterns of the Koga irrigation scheme, Ethiopia. The objective

Sunction of the model was set to minimize the sum of squared deviation (SSD) from the desived largeted supply. Reservoir

operation under different waicr availability and thresholds of irrigation demands has been analyzed by running a chance
constraint lincar progranming model based on wicertain inflow data. The model was optimized using Microsofl Excel
Solver. Based on refiability, vulnerability and SSD performance indices, the most refiable and the least virlnerable models
al nuninnm ihresholds of deficil irrigations were identified. 1 was concluded that the reservoir waler was not sufficient
enough (o meet 100% of irrigation demand for all specified cropping patierns at 48% of irrigation system efficiency. The
design command areas of 7000 ha could only be irrigated ai 30% deficit irvigation if environmental flow is permifted for
downstream areas and at 20% deficit i environmental flow is not permitted. The study also illustrated that the simplicity
and flexibility of Microsoft Excel Solver in efficiently opfimizing the dyvnamic operation policy for varying water supply
and demanid conditions. Therefore, the developed model could be used for real time reservoir operation decision making.

Finally it was recommended 1o test the application and conveyance efficiency of the irrigation systent.
Keywords: fxceedance probability; Nowlinear programming; Performance measures; Reservoir operation policy; Sum

of square deficif

ter is used more cfficiently is one of the classical problems

1. Introduction in water resources systems modeling,

Management of reservoir systems [rom planning to opera-
lion is very challenging for waler resources planners and
managers since the problem deals with many complicated
variables such as storages, inflows, demands, clc. as well
as considerable risk and uncertainty. The stochastic nature
of reservoir inflows adds greatly to the complexity of the

Real-time operation of river-reservoir systems requires
specific operating rules. These rules are guides for ‘water
conservation and relcase policies prepared for reservoir
operators. Several types of rules range from very simple
and slatic to dynamic for considering the varying states of
inflow and physical characleristics of a reservoir in each

problem (Taghi ef al.. 2009). In cases where real time op-
eraling policics arc required, the decision makers face an
even greater challenge in handling updated reservoir in-
flow forecasts (Fayaed ef al., 2013). Therelore, derivation
of an optimal operating policy for reservoir (o cnsure wa-

water 14 (1)
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time period. One of the simplest rules for reservoir opera-
tion is the rule curve, which specifics the target storage at
the end of cach month (Karamouz ef al., 2003).

However, rule curves are slatic forms of operating policies
that do not get any feedback from reservoir storage and
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current hydrologic sitvations such as predicted inflows (0
reservoirs in the following months (Karamouz ef al,
2003). Hence, rule curves are not very clhcient policics,
particularly when inflows and demands are highly varicd,
but they have been widely used because of their simplici-
ty. Marcover, rule curves prescribe reservoir relcases
based on limited criteria such as current SIOTage levels,
scason and demands (Khare and Gajbhiye, 2013).

In general, rule curves, do not allow a finc-tuning (and
hence optimization) of the operations in response o
changes in the prevailing conditions (Husain, 2012). Ap-
plication of deterministic and stochastic oplimization
models for reservoir operation has led investigators 10
define non-static types of operating rules/policies
(Jothiprakash and Shanthi, 2006; Karamouze, 2003,
Singh, 2012).

The operating policy is a sct of rules for determining the
quantities of water to be stored or relcased [rom a reser-
voir or system of several rescrvoirs under various condi-
tions (Wrubs, 2005). In reservoir operating policies, the
decision variable (rclease) depends on variables represent-
ing the state of the sysicm for cach month, including: in-
flow to the reservoir, water demand, storage at the begin-
ning of a month and inflow forecast for the next month
(Karamouz ef al., 2003; Vedula and Mujumdar, 2005).

Therefore, the operation policies in optimization models
are like the contents of a table in which various combina-
tions of characteristic valucs for a state variable and the
optimal relcasc arc presented in cach row (Karamouz ef
al., 2003). To define reservoir operating policies. several
optimization models were used in the past. Linear pro-
gramming (LP) model was used to evaluate the optimal
performance of the Dam based on reservoir inflows

(Sattar ef al., 2013).

A chance-constrained LP model was used for short term
reservoir operation (Duranyildiz ef al., 1999). Monthly
storage vyield functions were developed using Stochastic
Dynamic Programming Model (Ananda and Shrivastava,
2013). Sattari e/ al. (2009) investigated the cfficiency of
the dam relcase for irrigation and municipal water need.
Stochaslic dynamic programming (SDP) model was used
{o obtain optimal operating policy (Baliarsingh, 2010).
Hajilal el al. (1998) developed Dynamic Programming
mode for real-time reservoir operation. Genetic Algorithm
and Excel Optimization Solver were used for optimal
short term cascade reservoir operation (Asfawa and
Saiedi, 2011).

Although many successful applications of optimization

water 14 (1)

techniques 0 reservoir operation sludies have been repop.
ed in the literature, 0 universally proven lechnique exisi
(Husain, 2012). Nandalal and Bogardi (2013) also addeq
that there is no gencral algorithm for all reservoirs, and is

to be tackled independently for developing the optimal

operating strategics. Hence, reservoir operation still re-

mains an active rescarch ficld (Husain, 2012).

also becomes computationally
and complexity.
hen either the

Dynamic programiming
bounded on problems ol moderate siz¢
Lincar programming cannol be applicd W
objeetive function or the constrainls become non-lincar,
Due to complex relationships among different physical
and hydrological variables or because of specific objee-
tives being served by sysiem (Rani and Moreira, 2010),
nonlincarity exists in various reservoir systems opcration
prablems.

Morecover, as futurc inflows or slorage volumes arc also
uncertain, the challenge is to determinc the best reservoir
rge for a variety ol possible inflows and
oucks and Beek, 2005). Because of
d non lincarity ol the rescr-

release or discha
storage conditions L
the uncertainty of inflows an
voir syslems, a chance constraint non lincar prograimming

(CCNLP) model which uscs the statistical behavior and
distribution of the inflows should be applicd for develop-
ment of optimal reservoir operation policy.

To illustrate the application ol the CCNLP, the Koga irmi-
gation reservoir in Ethiopia was sclected. This reservoir
has been operated using non-optimized fixed guiding
curves relating reservoir water level and volume versus
irrigable area (MM, 2008) and operator’s subjective judg-
ment. As a result reservoir water has been irrigaling below
73.5% of design command arcas which implies that cither
the reservoir water is mismanaged or insulficient lo irmi-
gate all command arcas.

Morcover, as cropping pallern varics year o year in the
Koga irrigation scheme duc to farmers’ prelerences, socio-
economic factors and government directives, the amouit
of reservoir relcases varics 100. Under these circumstanc-
¢s, development of dynamic optimal reservoir operation
policy is mandatory.

Therefore, the objective of this study is to develop optini!
rescrvoir operation policy for Koga Irrigation reservoir
using a chance constraint NLP model. This would cnable
decision makers or reservoir operators to stipulate the de-
sired monthly reservoir releases as a function of varyins
waler supply and demand conditions.
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2. Materials and Methodg
2.1. Description of the Study Area

The Koga Irrigation dam is located st 37°0%" E and 1120
N, South of Lake Tiana in the Blue Nile River Basin, Ethi-
opia (Figure 1), The Kopa Dam is semi homogencous
carth fill dam of which its catchment lies in (he Tana
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Jasin between 112107 and 11°22° North Latitude and 37°
02’ and 37°17° East Longitude, and covers an area of
72,000 hectares at dam site (MM, 2004). The general
characieristics of Koga Dam and irrigation scheme are

sumimarized in Table 1.
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Figure 1: Koga Irrigation and Watershed Management Project, Ethiopia (Own and adopled from Emst (2012)

Table 1: Koga irrigation scheme characteristics (MM, 2004)

Scheme characteristics

Magnitude

Catchment area

22,000 ha

Dam height

21l m

Dam crest length

1730 m

Reservolr area

1,750 m

Reservoir capacity

83.17 10°m’

Irrigation area

7000 ha

Beneficiary family head

1400

Man canal discharge

9.1 m’/s

Environmental release

1 m’/s

Spillway discharge

3354 m’/s

water 14 (1)
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p e B e 3
2.2, Trrigation and environmental water demand

Resenvoir operation model requires estimates for reseryoir
mflows, irdgation and environmental water demands,
F\;\pm:nlim\ and conveyance losses. Expected monthly
milows into the reservoir at 90%., 80%. 70%, 60% and
S0% probability of exceedence (p) were estimated from
the distributions fited using Cunlative Frequeney Pro-

famn (www waterlog info). Trrigation water demand was

estimated using CROPWAT 8:0 for five scenarios (1, 1),
LIV and V) of specified cropping paterns of maizg,
wheat, potato, onion and pepper ( fable 2). These cropping
patterns of seenario U to TV were determined using g
chance constraint lingar programming (CCLP) model,
Scenario Vs (he irrigation project’s design cropping pat-
tern (MM, 20006). Environmental compensation release
values are shown in Table 3,

T L B @ 3 ~ e .
Table 2.Cropping patterns in hectares for different seenarios

Scenarios Maize Wheat Potato Onion Pepper Total area
Scenarno | 3280 6543 1120 840 0 59043
Scenano I 3290 1260 1120 1330 0O 7000
Scenario ITI 35588 1066.8 12115 9086 6745.7
Scenanio IV 35588 1363 12115 14387 0 1572
Scenano V(design) 3290 1260 1120 840 490 7000

Table 3. Monthly compensation low (MCM) (MM, 20006)

Months Nov Dec Jan Feb

March

Apnl May Total

Flows 1.56 0.80 1.07

697 0.80

065 0.80 6.65

2.3. Model development

The objective of reservoir operations planning is (0 mini-
mize the annual water supply deficit function (Equation
1). This function is defined as the sum of the squarcs of
the differcnces between the quantity of water released
from storage and the target requircment for all intervals of
the irrigation scason. The target water requircments were
obtained from gross irrigation water caleulated for speci-
ficd cropping patterns [or irrigation scason. The irrigation
system efficiency of 48% (MM, 2006) for the conveyance
and application losses was used.

Reservoir storage was determined by avatlable storage at
the beginning of every month and the expected inflows
during the month. The inflow to the rescrvoir was treated
s a stochastic state variable in (he reservoir continuity
cquation for solving the chance constraint non linear pro-
gramming (CCNLP) problem. In chance-constrained mod-
cls for reservoir operation, detenministic constraints in-
volving hydrologic parameters subjected to uncertainty are
replaced by probabilistic statements (Mays and Tung,

1992).

water 14 (1)

The developed CCNLP model was solved using Excel
Optimization Solver (EOS) integrated with Microsofl Ex-
cel. The information needed by EOS are target cell,
changing cell and constraints and the adjustiment of maxi-
mum rua-tine, ilerations, precisions, (olerance, conver-
gence, and defining lincar or non linearity of the problem.
The deficit function to be minimized (Z,) is given by:

Minimize,Z, = Z:;l(l\’, -D,) ()]

Subject to:

(i) Reservoir storage continuity equation
] e C rocorunt 1 111 1 |
Water balance of reservoir during irrigation season t is
govemed by chance constraint reservoir storage continuity
equation.

@

where, Sy is storage at the end of time period , S, is
stor.nge at the beginning of time period 1 , P, is rainfall
during time period 1, R, is release volure at time PeriOd
t+1, ER,is environmental release at time period ¢,

S =S8, =P +R +ER +EVP = pl,
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R s release \fuln'mc attime period 101, ER, is cnviron-
pentil release at time period 1, EVPis cvaporation rate at
fime period € (Hquation 9), - porepresents (he exceedance
probability levels oF 90% , KO%, 70%, 60% and 50% of
peservoir inflow volme and 1 is Inflow volume during
e period (AT are expressed in million cubie meters

(MCM).

(1) Norage howndary constraint

The teservoit storape in-any month should not be more
(han the capacity ol the reservoir, and should not be less
(han the dead storige capacity and is represented by

S S8, S (3)

where, S e 18 the storage capacity of the reservoir

(831 Min') and Sy is the dead storape volume (4.80
|

M),

(ifi) Surface area constrainf

A. €N €4

nn 1 i

(4)

’ 2t ‘ I ; . .
where, A 1s minimum (2,69 Kin®) and A, 1s maximuam
(19,12 Km'") surface arca constraints, torresponding 10
minimum and maximuom storapge volume boundarics, re-

spectively.

(iv) Release constraint

Amount of waler (o be released (R,) from the reservoir [or
irrigation purposcs should meet the irrigation demands of
pre-defined cropping pattern.

R <D (5)

! !

where, D, is the target demand for irrigation (MCM).

(v) Over flow constraint
When the final storage in any m
of (lie reservoir the constraint is given by:

5 (6)

nox

onth exceeds the capacity

Ofp =8, —
where, Of, = Surplus from the reservoir during the

month*(’,

(iv) Canal capacity constraint

Monlhly reservoir release should not be greater than maxi-

mum canal capacity.

water 14 (1)

R £C0C, (7)

where, CCl is canal capacity for time interval ‘C’. The
main canal was designed to convey 1.2 L/s/ha to 7583 ha
of total potential irrigable area (MM, 2006). The upstream
main canal design discharge is 9.1 m*/s. Therefore, CCt of
24.37 *10°m’ per month was used.

(i) Non-negativify
All the decision variables must be greater than or equal to

ZCro.
R 20,4, 20,EVP 20,ER, 0f, 20 ®)

Monthly precipitation data for the Merawi meteorological
station was uscd to estimate monthly rainfall volume on
(he rescrvoir surface area. Reservoir surface area for each
month { was estimated substituting the reservoir volume in
(o arca -capacily curve [itted using data from Table 4. The
cvaporation loss (EVP,) is a nonlinear function of the res-
crvoir surface area (A,) at period t.

EVE =e, * 4, ©)

where ¢, is evaporation rate (mm/day) estimated using a
simplified penman equation (Linacre, 1993). Monthly
rescrvoir volume available for irrigation from June to No-
vember (wet season) was calculated by subtracting evapo-
ration losses, and adding inflows and rainfall on the reser-
voir surface using Microsoft Excel Solver. No environ-
menlal flow was deducted in this case as it is not perinit-
led in wel season. Therefore, the reservoir volume at the
cnd of November was used as initial storage while opti-
mizing reservoir release using Microsoft Excel Solver.

2.4. Reservoir Performance

The reservoir system analysis model must be able to com-
pute values of the performance measures as a function of
operating policies. The purpose of performance measures
is (o have a mechanism to quantitatively compare, for al-
ternative operating plans, the effectiveness of the reservoir
system in meeting specified objectives. Consequently, the
performance measures must be a function of the storage
and release parameters which define an operating policy.
In this study, reliability and wvulnerability, and sum of
square deficit (SSD) of output water for meeting demand
were used as reservoir system performance indices.
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Table 4. Koga rescrvoir arca, volumes and stage relationship

Contour (m) 2004 2006 2008 2010

2012 2014 2016

Area (km") 019 098 292
Volume (Mm”) 0.2 1 48

7.14 11.84 15.83 19.99
14.2 338 61.5 97.6

Reliability is the probability of success. The success inter-
val is an interval in which (he amount of water meeting
demand is more than a specific threshold. The threshold
can be 100% or less of demand. Reliability estimates can
be computed on cither a period or volumetric basis. Period
reliability can be defined as the proportion of time that the
reservoir is able to meet demands. Volumetric reliability
(R,) is the ratio of the volume of water supplied to the
volume demanded (McMahon ef al., 2006) (Equation 10).
V

s

R, 7 (10)

where, V. is the volume of water supplicd and Vy is the
volume of water demanded during a given period. Vulner-
ability measures the possible magnitude of a failure if one
occurs. Maximum vulnerability is a suitable indicator of
reservoir performance (Kjeldsen and Rosbjerg, 2004 )
(Equation 11).

Vo = MAxX, v,} ¢R))
In this study, six thresholds of 100%, 90%, S0%, 70%,
60%, 50% of the irrigation demand which are cquivalent
0 0%, 10%, 20%, 30%, 40% and 50% deficit irrigation,
respeclively were used (0 compule volumetric reliability
and vulnerability for exceedance probability of 90%, 80%,
70%, 60% and 50% of reservoir inflows. However, in this
paper optimal reservoir operation at exceedance values of
0% at different thresholds of deficit was presented. Then
the best scenario was selected bascd on minimum sum of
squarc deviation (SSD), the highesl reliability and mini-
mum vulnerability indices. Finally, oplimal rcservoir oper-
ation policies (slorage and release values) in the form of
(able were presented and their rule curves were developed

Table 5. Gross irrigation (mm) and irrigation demand (10°m") for different scenarios

Irrigation demand Dec Jan Feb Mar Apr ‘May June Total
Gross Irrigation 7355 8348 14538 1736.5 1501.9 6345  64.85
Scenario I 7.75 1527  19.00 19.44 13.31 1.31 76.08
Scenario I’ 7.75 16.43 22.14 23.55 16.79 1.81 28 47
Scenario I 8.38 1720  21.54 22.42 15.48 1.42 86 44
Scenario IV 8.38 17.77 2395 2547 18.16 1.96 95.69
Scenario V 7.75 1643  21.61 2343 16.97 2.69 0.32 88.88

3.2. Reservoir water supply < 4321 .

Expected monthly inflow into the reservoir at 90%, 80% Lé 30 /A

and 70%, 60% and 50% probability of exceedance (p) is [ sl

shown in Figure 2. The higher probability levels indicate E ig:

low flows and the lower ones indicate high flows. The 2 10+

volume of reservoir inflow begins to increase in Junc and S 5 ‘

reaches its maximum in August. Then rapidly decreases to = 0- : e S

November following the decline rainfall. 1t is only base
flow that flows into the reservoir from December to May

(dry scason).

water 14 (1)
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— 60% A 80% v~ Mean

Figure 2: Koga river flow at different probability Jevels
, ¢
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According 1o MM (2006), the 7000 ha irrigated area is
governed by the 80% reliability yield per annum from the
dam. This design reservoir yield could be achieved at all
exccedence probability levels of 80% and less when the

r—ﬁ_—f—

reservoir is empty at the end of irrigation season (M:yz
(Table 6). Cumulative reservoir inflow was 77.67*10°m
at 80% probability of exceedance (p).

Table 6. Cumulative reservoir inflows (10°m®) when it is empty at May

P June July Aug Sept Oct Nov

Dec  Jan Feb Mar Apr May

90% 19 128 348 S0 5545 5826 602 6185 6305 6427 6524 6621
§0% 252 1661 4237 5953 6562 6879 7099 7284 7415 7549 7657  71.67
70% 308 1976 4854 6728 7399 77.51 7994 8195 8336 8479 8595 87.16
60% 366 2279 5432 7466 8206 85.96 8865 90.8 9232 9383 9507 96.39
s0% 43 2594 6011 8199 9022 9457 9755 99.85 10148 103.07 10439 105.84
S T . 6.3 ’

The reservoir storage volumes in 10°m” at the end of No- 4 _2.684026%V, —0.002(V, —30.4429) (12)

vember with carry over year storage of 4.8 10°m® were
63.30, 73.60, 82.60, 82.89 and &3.1 at 90%, 80%, 70%,
60% and 50% of exceedance probability, respectively.
These volumes were uscd as initial storage during opti-
mizing rescrvoir operation. Thus, the reservoir storage for
the most dry (90% dcpendable yield) and the average year
(50% dependable yield) were 63.30 and 83.1 10°m’, re-
spectively.

Table 7. Monthly reservoir evaporation (mm)

The best fitted reservoir surface area —capacity curve was
shown by Equation 12. For which the determination coef-
ficient (R?) is 0.99. »

where, A, is reservoir area (km?) at month t and V/ is res-
ervoir volume (10°m®) at month t.

Estimated monthly evaporation rate (mm) is shown in
Table 7.

Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May

1239 942 858 872 882 721 637

705 86.8 1257 145.6 1482

3.3. Actual reservoir operation

The actual data of rescrvoir stage, volume and irrigation

relcase recorded for the year 2012/13 is shown in Table 8.
No environmental flow was permitted for downstream.
Before the commencement of irrigation scason, a total of
1.53*10°m’ of the over flow water of 0.52*10°nr in Octo-
ber and 1,02 *10°m’ in November was relcased through
the main canal and utilized for land preparation. The use
of over flow water for irrigation purpose was a good prac-
tice of conserving excess water in the soil reservoir. This
increases the initial soil moisture content. Since only the
reservoir water in the live storage was used for optimiza-
tion of reservoir operation, this excess water used for land
preparation was not considered during comparison of the
optimized release with the actual releases. Hence, exclud-
ing this volume of water 66.16*10°m’of water from live
storage was utilized for irrigation purpose from November

to May first in 2013 irrigation scason.

water 14 (1)

Table 8. Actual reservoir operation for the year 2012/13

Months Stage Volume Release
Nov 2014.88 76.00 4.54
Dec 2014.25 66.00 12.82
Jan 2013.25 51.00 15.17
Feb 2012.00 35.00 15.64
Mar 2010.63 21.00 11.94
Apr 2010 15.5 5.33
May 2009.5 12 0.72

3.4, Optimal reservoir operating policies

Based on minimum sum of square deficit (SSD) criterion,
the best reservoir operation policies selected under all
scenarios at exceedance probability (p) of 80% with and

without environmental flow permitted are shown in Table
9 and Table 10, respectively.
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From the results of the reservoir operation analysis (Table
9), sum of squared deficit (SSD) was minimized o zero
under all scenarios at maximum allowable deficit of 20%
for scenario I, at 30% for scenario I1, TI and V, and at
40% for scenario IV. In this case, reservoir operation with
the lowest thresholds of water deficit and SSD is scenario
1. Having minimum SSD would reduce the risk and consc-
quences of irrigation water supply shortages for farming
aclivities in the irrigation project. Therefore, reservoir

Table 9. Rescrvoir operation policies for different thresholds ol irrigation and cropping patle

mental flow permitted

operation is the most reliable at scenario I and the least
reliable at scenario IV at p= 80%

If environmental flow was not permitted, SSD would be
sero at 10% for scenario I, at 20% for scenario 11, I11 and
V, and at 30% for scenario IV at p=80% (Table 10). Based
on minimum thresholds of deficit irrigation and SSD, sce-
nario 1 was the most reliable, scenario 11, 11T and V were
the second most and scenario IV was the lcast reliable

reservoir operations.

i scenarios with environ-

Parameters Nov Dec Jan Feb Mar Apr May Jun  Totrelease ssD  Deficit
Release (T) 6.2 1222 152 1556 1065  1.05 60.88 000  20%
Storage(l) 73.6 674 $397 372 2014 8.55 7.11

Release(IT) 5.42 1150 1550 1648 1175 127 6192 0.00  30%
Storage(M) 7360 6818 5545 3335 2032 71.62 6.01 -

Release(1I) 5.87 12.04 15.08 1569 1083 099 60.51 000 30%
Storage(II) 7360 6773 5447 3781 2059 879 7.39

Release(TV) 5.03 1066 1437 1528 1090  1L.18 57.42 000  40%
Storage(TV) 1360 6857 5668 4068 2377 1175 999

Design release (V) 542 11.50 15.13 1640 . 1188 188 022 6221 0.00  30%
Design storage (V) 73.60 6818 5545 3873 2076 791 567 522

Actual release 4.54 1282 1517 1564 1194 533 0.72 66.17

Actual volume 76 66 51 35 21 15.5 12

( thresholds of irrigation and cropping patlern scenarios w

ith no envi-

Table 10.Rescrvoir operation policies for differen
ronmental flow permitted.

Parameters Nov Dec Jan Feb Mar Apr May June Tot release SSD % irr. deficit
Release(l) 697 1374 171 175 1198 118 68.47 000 10%
Storage(I) 8025 7328 59.03 41.32 2315 1087 283

Release(Il) 6.20 13.14 1771 1884 1343 145 70.77 000 20%
Storage(ID) 025 7405 6040 4205 2252 3882 7.63

Release(III) 6.70 13.76 1723 1795 1238 1.13 69.15 000 20%
Storage(ITI) 8025 7355 59.28 4143 2282 1016 921

Release(TV) 5.87 1244 1676 1783 1272 137 66.98 0.00 30%
Storage IV) 8025 7438 6143 4401 2542 1230 1098

Release(V) 6.20 1314 17.29 1875 13.57 215 025 71.09 000 20%
Storage(V) 8025 7405 6040 4248 2302 916 725 749

Actual rel 4.54 1282 1517 15064 1194 533 0.72 66.17

Actual vol 76 66 51 35 21 15.5 12

3.5, Performance measurcs

The performance measures of chance constraint models at
exceedance probability of 80% under different irrigation
deficit levels with and without environmental flow permit-
ted are shown in Table 11 and Table 12, respectively.
From Table 11, the values of the lowest sum of square
deviations (SSD) and vulnerability were zero, and the
maximum volumetric reliability was one under all scenari-
os of cropping pattern. Thesc all were gained at irrigation

water 14 (1)

deficit thresholds of 20% under scenario 1, 30% under
scenario 1L, 111 and V, and 40% under scenario IV when
environmental flow is allowed to be released for dowr”
stream environment. Similarly, the lowest SSD and vul
nerability of zero and the highest volumetric reliability of
one were gained af imigation deficit thresholds of 10%
under scenario 1, 20% under scenario 11, [T and Vi and
30% under scenario TV when environmental flow i ™ P
allowed for downstream environment.
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) of zero indicates l_hal irrigation water demand has
been met at all monthly time intervals in irrigation season.
gjmilarly, vulncra?nhty of zero shows the maximum irri-
gation waler dcﬁclll among all the continuous failure or
nsatisfactory perieds was zcro. Volumetric reliability of
one implics that 100% of the irrigation demand has been
mel (hroughout irrigation scason. The resulis of these per-
formance measures denote that irrigation demand has been
net throughout irrigation season at the stated thresholds of
deficit irrigation.

Reservoir operation of scenario V was the best among
scenario II and II for the following reasons. First, scenar-
i0 V has best mixes of all crops with the least onion crop
(which is perishable) area allocation. Hence, scenario V
was with least risks of crop damage. Second, the area cull-
tivated under scenario V was greater than that of scenario
111 but cqual with that of scenario 11. Hence, as large area
cultivated, greater land holders benefitted and greater job
opportunities for daily laborers.

Table 11.Performance tests of reservoir operation at p=80% without environmental flow

— Scenmniol Scenzrio 0 Scenanio 10 Scenario IV Design
Deficit ~ S5D R v SSD R v S5D R v 55D R, v SSD R, v
o, 265 084 24l 4938 071 D13 Tu3 074 463 6010 066 239 1137 071 497
0% 40 093 091 4520 080 314 352 082 280 912 074 452 474 079 310
0% 00 100 000 9.00 090 140 5.18 092 108 2919 083 249 10.7 088 149
0% 00 100 000 0.00 100 000 000 100 000 218 095 068 0.0 100 000
0% 00 100 000 0.00 100 000 000 100 000  0.00 100 0.00 0.0 100 000
s0% 00 100 000 000 100 000 000 100 000 000 100 000 0.0 100 000
Table 12. Performance (ests of reservoir operation at p=80% with environmental flow
Scenano | Scenano II Scenario [ Scenario [V Design
Deficit SSD K. v SSD R, Vv $SD RV SO RV $SD RV

0% 06 098 034 868 081 775 3636
1% 00 10 000 510 093 103 212
0% 0.0 10 000 00 100 000 00
0% 00 10 000 00 100 000 000
0% 00 10 000 00 100 000 000
50% 0.0 10 000 00 100 000  0.00

0.86 243 307.7 079 1742 36.74 083 272
086 0.71 2488 086 232 6.05 093 112

1.00 000 107 097 047 0.0 1.00 000
1.00 000 00 1.00 000 0.0 1.00 0.00
1.00 000 00 1.00 0.60 0.0 1.00 000

1.00 000 00 100 0.c0 0.0 1.00 0.00

3.6. Optimal operating rule curves

Optimal operating rule curves derived from the best reser-
voir operation policies from Table 11 and Table 12 are
shown in Figure 11 and Figure 12, respectively. The
curves indicate the desired storage volumes of the reser-
voir and release at any particular month. These curves
stipulate how water is to be stored and released during the
subsequent months based on the current state of the stor-
age volume and time of the irrigation season at 80% prab-

ability of exceedance. The results dictate that the patterns
of the optimal rule curves for storage versus time are simi-
lar to the actual rule curve. But the actual curve lies above
the optimal curves in April and May. This implied that
more water was lefl at the end of irrigation season. This
reduces the reservoir efficiency. However the patterns of
optimal release rule curves are not exactly similar with
that of the actual. This was because of different starting
time for reservoir release.

ol —¢—Release (1)
22 ~{@—Storage(l)
50 1 ~&— Release(ll)
40 =¥=Storage(ll)
1 == Release(lll)
lf ~@~Storage(ll)
ol —+—Release(IV)
’ ' Nov Dec Jan Feb Mar  Apr  May = Storage(IV)

Figure 3. Operating rule curves for irrigation when environmental flow is permitted

Water |4 1))
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100 1 =&~ Release (I)
80 | n ~i—Storage(l)
60 - —4=Release(ll)
40 - «¢=Storage(ll)
20 | ; == Release(lll)

0 - Storage(lll)

Nov Dec Jan Feb Mar

Figure 4. Operating rulc curves for irrigation when environmental flow is not permitted

4. Conclusions and Recommendations

In this study, a chance constraint non linear programming
optimization was applied (o determine monthly operating
policies for five scenarios of predetermined cropping pat-
terns of the Koga irrigation scheme, Ethiopia using Mi-

crosoft Excel Solver. The objective function of the model

was set to minimize the sim of squared deviation (SSD) - -

from the desired largelc’d‘sﬁpply. Using optimal operating
policies (storage and release values), the rule curves were
dcveloped. The developed rule curves could be used to
stimulate how water is to be released during the subse-
quent months based on the current state of the storage
volume and time of the irrigation season at exceedance
probability of 80%.

From the results of the reservoir operation analysis, SSD
was minimized to zero under all scenarios at maximum
allowable deficit of 20% for scenario I, at 30% for scenar-
jo I1, I11 and V, and at 40% for scenario IV if environmen-
tal flow is permitted. The lowest SSD, zero vulnerability,
and the maximum volumetric reliability were gained at
irrigation deficit thresholds of 20% under scenario I, 30%
under scenario 11, IIT and V, and 40% under scenario IV
when environmental flow is allowed to be released for
downstream environment.

Therefore, the most reliable reservoir operation was ob-
tained at scenario I1. Scenario II, ITI and V were the se-
cond most reliable and scenario IV was the least reliable.
However, reservoir operation of scenario V was the best
among scenario II and I11 for best mixes of all crops with
least risks of crop damage and larger numbers of land
holders benefitted from greater area cultivated. Therefore,
the total design command area of 7000 ha, denoted by
scenario V, could be irrigated at maximum thresholds of
30% deficit irrigation with 100% reliability and without

water 14 (1)
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" bility of Microsoft Excel Solver in cfficiently optimizing

Apr  May wmiae Release(IV)

any vulnerability to water shortage. Its thresholds of defi.
cit could be reduced to 20% if cnvironmental flow is not
permitied. This threshold of deficit could be reduced if the
irrigation system efficiency is improved.

It was concluded that the reservoir water would not be
able to'meet 100% of irrigation demand at any of the sce.
narios. If environmental flow is not permitted, the thresh.
olds of deficits for all scenarios were reduced by 10%
from that of environmental flow permitted.

The study also demonstrated that the simplicity and flex.

the operation policy of an existing reservoir for varying
water supply and demand conditions. The developed mod.
¢l could be used by operator or decision maker, given sim-
ple training, for real time reservoir operation decision
making, Finally, it was recommended (o study the applica
ton efficiency of furrow irrigation and conveyance effi-
ciency of irrigation canals, and determination of optimal
thresholds of deficit irrigation for major crops for water
productivity maximization.
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Seasonal Streamflow Variability Analysis and Forecasting, Lake Tana Basin, Up.

per Blue Nile, Ethiopia

Mengistu Addis
Arba Minch University

Abstract

In this paper seasonal rainfall-runoff variability analysis is detected and streamflow is forecasted usig stochastic ap-

proach for Lake Tana Sub basin of Ablay River Basin which is jocated at the high

in a year and having hich spatial and temporal variation of rainfall

land areas with one rainy scasen with-
and rnaoff. The seasonal stream flow variability

analysis of the basin is done from the existing and recorded meteorological and hydrological dafa The Jour major sea-
sons of the year are taken for scasonality analysis (i.c. Winter (JITM), Spritig (1 M.J), Summer (JAS) and Autumn (OND)).

The rainfall variability is analvzed using seasonalify and variability measires of CV,
bility is higher related to altitude than latitude and longitude. From the four seasons there is no significant

SRRD and SRI. The rain fall varia-

variation and

trend spatially as well as temporally. The seasonal runoff and streamflow variation is analyzed using [ JEC-1IMS hydro-

logical model to generate runoffs at required and selected peints to defect the spatial

variation. The gauged stations and

catchments are casily analyzed from recorded time series streanflow dala. Runoff coefficient is laken as a variability

measure Jor hoth generaied and vecorded stream flows. The runoff cocfficient ranges Srom 0 fo 1. The range

is high at dry

seasons and less al wel seasons. The average runoff coefficient vale of the basin is obtained as 0.28 in which the value
ranging from 0.18 fo 0.36 at dry and wet seasons. The average SRC value from generated runoffs is 0.45 al which it is 0.3

al dry and 0.6 af wel seasons. Runoff coefficient is more dependent on antecedent soil wetness condition.

Seasonal

streamflow is forecasted using PARMA (p, q) and MPAR (p) nodels.

Keywords: Lake Tana Basin, Seasonal Variability, CV. KEC-HMS, Runoff Coefficient, streamflow

1. Introduction
1.1. Background

Globally, there is growing concern that natural and anthro-
pogenic climate changes are intensifying the hiydrological
cycle, which may be expecied to influence river fiow 1%-
gimes (Harvey et al,, 2010). Since there is seasonal varia-
tion of climate it is unquestionable that there will be aiso
seasonal variation of both metcorological and hydrological
variables.

Stream flow variability is highly dependent on rainfall
variability. Such variability occurs tempeorally as well as
spatially. The temporal variability occurs at many time
scales , from hourly to daily, from daily to monthly, from
monthly lo seasonally and from scasonal (o inter-annual
and beyond. The spatial variation also occurs from local 10
regional, from regional to country and from country to
continental.

Whether it is natural or artificial reservoir, the seasonal
flow variation affects its storage as well as the supply and
demand. Knowing Seasonal flow variability and forecast-
ing of hydrological variables potentially improves water

water 14 (1)

CGener at ed

management (Brown ef al., 2006). The scasonal variability
of flow and stage (Lake surface level) are factors which
play the major role on the natural flow of the rivers. Con-
sidering high Mow and low flow seasons and the variabili-
tics in the derivation of reservoir operaling rules is essen-
tial for coordinating the relationship between flood pre-
vention and benefit.

Generally Lake Tana sub-basin is characterized by enor-
mous potential for development of irrigated agriculture,
hydropower, tourism, bio-diversity and recreations. For
(his rcason, it is onc of the richest sub-basin concerning
water resource (Danicl et al., 2007). Since there is season-
al variation of hydro meteorological variables, there is
{luctuation of the lake level. The lake as a rescrvoir reglr
lates the scasonal flow variations at the Chara Chara weil
site for the purpose of proposed and constructed projects:

For example the Tana Beles Transfer uses the rcgulalCd
excess water from the lake.

2.2 Location and Accessibility

Lakﬁ‘f Tana basin is situated on the north western platcav o/
Ethiopia at the head waters of the Abay River basin, in the
Ambhara administrative regional state.
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Iis ae()gr'lphiCHI location extends from 10°57°'N o
12%47'N latitude and from 36°53’E 10 38°15°'E longitude,
The basin arca is 15,321km? from which around 20% of it
is the lake (Zewdic ef al., 2010). The basin is also divided
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o four main sub basins namely; GilgelAbay, Gumara,
Ribb and Megech,
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Figurc 2.1: Location ofStudy Area

3. Objective of the Study

The general objective of the study is to analyze the sea-
sonal spatio-temporal rainfall-runoff variability and fore-
cast seasonal streamflow using selected stochastic hydro-
logical models.

Specific objectives of the study include:

¢ To realize and detect seasonal trends of rainfall and
streamflow

¢ To analyze spatial and temporal variation of rainfall-
runoff using selected variability indices

*  To select the best stochastic model for the basin and
to forecast, simulate and gencrate future seasonal time
series  streamflow data

¢ To detect the catchment behavior and flow responses
to rainfall variation

¢ To estimate seasonal time series parameters and ana-
lyze the spatial as well as temporal correlations within
the Basin
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- 4, Methodology and Analysis

4.1 Seasonal Rainfall variability analysis

To analyze the spatial and temporal seasonal rainfall vari-
ation, we used statistical and empirical measures. From
the recorded rainfall, we have precipitation data of 12 sta-
tions. Areal precipitation is taken using thiessen polygon
method for each precipilalion station.

Coefficient of Variation

Coefficient of Variation is onec of the statistical measures
of variability which can be used for any hydrological time
series variables and others. It is the ratio of standard

Where

C Vr Seasonal Coefficient of Variation
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S T Seasonal standard deviation
y T Seasonal mean
Seasonal Relative Rainy Days

It is the ratio of rainy days within the season to the total
number of days in the season. It shows the variation of
wet and dry days within seasons spatially as well as tem-
porally.

n
SRRD = —x%100
N

Where
SRRD = Seasonal Relative Rainy Days in %

N = total no of days in the season and

n = number of rainy days with in the sea

son

Seasonal Rainfall Intensity

It is the ratio of cumulative scasonal rainfall to that of the
number of rainy days with in that scason. It indicates the
spatial and temporal rainfall intensity variation of different
seasons.

1300w Aratiall

IVTTH NN

Ircet

Seasonal RunoffCocfﬁcicnt (SRC)

cfficient is on¢ measurc or index (g sho

Rl.ll'l()iT co SR i W
spalio- emporal runoff variability. This coefficien, o L!lhc
mostly to estimate the runoff on the data scarc, ISCd
using an empirical formula of rational methoq, Ay
cSP
SRl =—

here . :
glflll = Seasonal Rainfall Imensn){ (mn1/day)
csp  =Cumulative Seasonal Precipitation and (yy,
n = number of rainy days with in the seasop (day)

4.2 Seasonal flow Variability analysis

Scasonal flow variability analysis is done using Seasgy
Runoff Cocfficient as a mcasurc which is simply the ry
of excess runofl Lo precipitation (Danicle Norbiatoer o
2009).To know the excess runoffs, the base flows are fmn;
recorded fMlow data for gauged stations. To see the variy.
tion on the whole basin, cxcess runoll” is generated for
selected point using HEC HMS hydrological model.
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Figure 2.2: Generated excess runof[ sites, Gauging stations and Precipitation stations with their Thiesse?

polygon (a and b respectively)
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geasonal Runoff Cocfficient (SRC)
unoff coefficient is one measure or index to show the
spmtc-tcmpoml runolT variability. This cocfficient is used

moslly o cstimate the runoff on the data scarce places
using an empirical formula of rational method.

qre = 2
Pscp * A
Where
GRC = scasonal runoff cocfficient
Qsd = seasonal cumulative dircet runoff
pscp = scasonal cumulative precipitation
A = catchment arca

4.3. Seasonal Flow Forccasting

In this rescarch stochastic time serics scasonal [orccast
models have been selected from SAMS2007 package(O.
G. B. Sveinssonef al., 2007). The modcl is used to forecast
both stationary and non-stationary time series data. From
the data quality results (non stationarity), models to fore-
casl non-stationary time series data are selected. Scasonal
forecast models such as Univariale PARMA (p, q) and
Multivariate PAR (MPAR) are models whichare adopted
to forecast seasonal time series data.

5. Results and Discussion
5.1. Seasonal Rainfall — Runoff Variability

5.1.1. Rainfall Variability

According to the country’s geographical classification the
scasons are classified in to four which account three
months cach. Thus are: Winter (January, February &
March); Spring (April, May & June); Summer (July, Au-
gust & September) and Autumn (October, November &
December).

* The variability analysis based on variability measures of

CV, SRRD and SRI is resulted along altitude, longitude
and latitude as spaces and the time from 1997-2005 years.
As il is shown from figure5.1, there is significant coefTi-
cient of variability variation on all scasons based on CV
values and their ranges. The CV value generally ranges
from 0.85 (o 7.76 at Summer and Winter scasons respec-
tively. There is high variation at Autumn season which
ranges from 2.35-6.22 and less variation al Summer rang-
ing from 0.85-1.5. The rainfall coefficient of variability 15
relatively higher near Lake Tana. . .
The rainfall variation based on SRI on the altitude, Lati-
tude and Longitude is nol significant at Winter season

water 14 (1)

except some events with high SRI values and the variatipn
is significant on (he rest of seasons even though the vara-
tion range is less. The SRI ranges from 0 to 50mm/day.

The range is high at Winter and low at Summer seasons.
There is no visible lemporal trend of SRI variation.

There is significant SRRD variation at high altitudes espe-
cially above 2300m for all seasons. There is high spatial
variation than that of temporal variation. There is an in-
creasing trend of rainy days on winler scason and a de-
creasing (rend on the spring season.

As il is shown from the above figures (i.c Figure 5.2) there
is high variation and increasing trend of SRRD along the
altitude but not that of SRI. This indicates that the areas at
high altitude get more rainy days than that of low areas
and he intensity of rainfall is relatively higher at low land
arcas than high land arcas.

As it is observed from Figures5.3, there is increasing tem-
poral trend of SRRD on Winter and Summer seasons but a
decreasing trend of on Spring and Autumn s€asons. There
is relatively high SRRD value at high Latitude and Longi-
tudes. Al summer scason, number of rainy days are in-
creased at low and high longitudes. There is high correla-
tion between CV and SRRD. It is the number of rainy days
that causes significant variation of CV than the rainfall
intensity.

5.1.2. Runoff Variability Analysis Results

For gauged catchments the seasonal streamflow variability
is casily manipulated from recorded flow data. For catch-

ments outside gauging stations, excess runoff is generated

using HEC-HMS model for selected points afier the model
is calibrated and validated al gauged stations. The R’ value
during the calibration period is 0.76 and is 0.68 during the
validation period. Since our purpose of HEC-HMS model
is to generate runoff the values are accepted.

The spatial SRC variation along the altitude, latitude and
longitude is highly dependent and correlated to the SRI
As we have scen from the above figures, it is clear that all
rainy days didn’t give excess nmoff. In other words the
excess runofl is the result of infiltration excess rainfall
which is the result of intensive rainfall or Antecedent
Moisture Condition (AMC) of the surface. This runoffl
coefTicient variation and distribution likely reflects the
variability of the storms analyzed, mostly in terms of total
precipitation, rainfall duration, rainfall intensity and ante-
cedent wetness conditions(D. Pennaet al., 2011). He final-
ly obtained runoff coefficient ranging from 0.02-0.69 with
an average value of 0.15.
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Figure 5.1: Spatial Rainfall Variability based on CV for: Winter, Spring, Summer and Autuinn seasons (a,b,cand
d) respectively.
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Figure 5.3: SRRD Variation along the Longitude for Winter(a), spring (b), summer (c) and autumn( d) seasons o™
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Figure 5.4: SRC Variability of
(b),summer(c) and autumn scasons

s runoffs the average runoff coefli-
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The range of SRC variation for both gaug
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mer and Autumn seasons as a result of high runoff and
crosion of the Summer season and high antecedent soil
moisture condition of Autumn season from high Summer
precipitation. In addition high base flow components
which are considered as runoffs have significant effect for
increased SRC values. .
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Figure 5.5: Longitudinal RunofT Variation of selected runof[ sites from 1997-2005 bascd on SRC measure for
Winter, Spring, Summer and Autumn Seasons (a, b, ¢ and d respectively)

Even though the range is very high, the average runoff
coefficient value for the basin is 0.28 from recorded his-
torical flow data and it is 0.45 from generated excess run-
offs using HEC-HMS model. From both values the aver-
age of 0.36 lies on the range of theoretical and practical
values used in rational method. SRC exceeds | at some
places and some events which indicate (hat there was high
runoil and erosion problem at that time of specific place

including its upstream.

The spatial SRC variation is relatively higher at altitudes
from 2200m (02400m. Generally, the arcas on south Easl
and East of the basin have higher runoff coefficient. The
range and average runof coefficient values are consisient
with those values used for different soil groups and land
e

uses.
5.1.3. Catchment Classification

Using SRC as a classification measure, (he catchments can
be seasonally classified and grouped based on their sca-
sonal runofT coefficient values. The Catchments with high
SRC values implicate that these areas are severely affected
by erosion and scdimentation. Whereas areas with low
SRC are areas with less erosion due to good water shed
management practices or due o their soil type.

From previous studies (Shimelis G. Setegn ef al., 2008)
has identified the erosion prone areas on the catchment
and the factors using SWAT hydrological model for dif-
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ferem scenario. According to his result, the factors for
erosion are: slope factor which is known (o be the main
driving force for the movement of surface water. Stecper
and longer slopes result in high erosion rates. The second
criterion is the land cover which controls the detachability I
and transport of soil particles and infiltration of water into
the soil. The types of the soil also play a signilicant role
for crosion depending upon their physical propertics and
sensitivily to crosion. As it is shown [rom the figures be-
low, the runofT coefficient is high on the arcas relatively
higher altitudes and slope.

5.2. Seasonal Flow Forecasting

From the results of SAMS 2007 model output, PARMA
(1,2), PARMA (2, 1) and PARMA (2, 2) univariate mod-
cls are better than MPAR (p) to estimate the volume. Esti-
mation of peak flows and (heir timing using both PARMA
(p, q) and MPAR (p) is worth except for Summer season.
MPAR (p) is better than PARMA (p, q) to estimate peaks
bc.uerl than others for Sumimer season. If (he volume is e
cn'lenon [or streamflow prediction, PARMA (2, 0) for
Winter; PARMA (2, 2) for Spring; PARMA (2, 1) for
Summer and MPAR (2) for Autumn seasons can giv
good results than ofherg. MPAR (p) model is better than
PARMA (p, q) 10 estimate peak and minimum fows o
Summer season that gave R? of 0786 and MLE of -0.055
Butitis not best mode] (o estimate timing and volume.

8l

by CanScanner fromintsig.com



from the litcratures 1t is proposed to usc higher order
PARMA (P, @) modcls (o forccast scasonal flows. But
from the result of this research, higher order PARMA (p,
) models have limitation to forecast all flow types. The
model ef ficiency may also vary according to the scasonal

6. Conclusion

Even though the basin is relatively getting different rain-
fall amounts and have also different distribution patiern,
(here is slight spatial and temporal variation cxcepl some
events and places. There s high ramfall amount greater
(han 50% ol annual precipitation at the summer scason

(25% of the ycar). From the results and discussions above,

we can conclude that the rain fall variability is highly de-
pendent on altitude and the lake. The coelficient of rainfall
variability is highly dependent on number of rainy days
weather its intensity is high or less. From the resulls ob-
tained we can conclude that Lake Tana has slight effect on
seasonal rainfall variation based on CV and altitude has
significant impact to seasonal rainfall variation than lati-
tude and longitudes.

Scasonal Runoff variation is more influenced by runoff

intensity than rainfall duration and number of rainy days.
RunofT coefficient is more influenced by rainfall intensity,
antecedent moisture condition and erosion (upstream €ro-
sion and downstream sedimentation).

From the resulls obtained we can conclude that coefficient
of variation has limitations at places of highly exposcd to
crosion problems in which ils value is greater than 1 that
indicates erosion and siltation. Runofl cocfficient value
should be clearly sct for urban (impervious) and areas
with different perviousness characteristics with erosion.
From the range of runoff coefficicnt values, most of the
areas in the basin are homogenous al summer season than
other scasons. . From hydrological data quality tests, it is
clearly observed that seasonal {ime series data are not ho-
mogencous, stationary and independent. Minimum flows
are belter stationary and homogencous than mean and
maximum {lows.

It is not possible to generalize
best model or not to forecast future streamflows. For Lake
Tana basin, PARMA (p, 9) model is better for volume
estimation which is vital for reservoir planning ar}d man-
agement. And it is worth for peak flow estimation and
liming, MPAR (p) model is also better for base flow (low

flow) and summer season sreamflow estimation. It is also

better than PARMA to estimate peaks without considering

hat SAMS2007 model is

water 14 (1)

Ftreamﬂow data quality. Thus it is not possible to general-
ize that PARMA (p, q) and MPAR (p) models are best

models for seasonal time series data except volumes and
basc flows.

the timing. To estimate future drought seasons and floods
not considering the timings, MPAR is better. Thus deci-
sion makers and researchers can usc the two models ac-
cording to the purpose of future water resource.
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al Assessment of The Grey

A Tale of Two Dams: A Comparative Hydro-politic
Ethiopia.

Ataturk Dam of Turkey and The Grand Renaissance Dam of
Seid Ahmed, PhD student in Comparative History
Dokuz Eyliil University, Turkey, seid ahmed@an.edu.el

Abstract

In March 2014, Egypt accused Turkey as a source of finance for the ongoing the Grand Ethiopian Renaissance Dant Py,
Ject (GERDP). But Ethiopia stressed that the financial source of the project was nof any other country rath £l the people of
Ethiopia either in the form of bond or donation. Similarly Lthiopia inclined that Ethiopia will accepl any J‘hﬂd Uf Suppory
incheding advising from any country including Turkey. It was in this situation that this author fried fo investigale ang
compare the hydro-political issues raised acrdss the Euphrates-Tigris and Nile rivers river basins. These rivers were (i
major centers of the ancient River Valley civilization of Mesopolamian and Egyptian and also crossed many counfries
before their final end in the great water bodies. Since ancient limes the downsiream countries (Syria and Iraq for Euphra.
tes and the Sudan and Egypt for Nile) were the major beneficiaries without any prior consent of the upper stream coup.
tries like Turkey and Ethiopia. In fact more than 90% of Euphrates-Tigris walers began from the snow-bells of the Anato.
lian Mountains of Turkey similarly more than 86-90% of the Nile walers originated from the Ethiopian Highlands. Al
hough the Southeastern part of Turkey and the most part of Ethiopia faced a severe shortage of water, the colonial fimes
agreements on waler resource ulilization favored the downstream that were signed in 19205 and later in 1950s withow
any consent and approval of the upstream countries like Turkey and Ethiopia. The legacies of such agreements became q
serious bottlenecks and a bone of contention for many hydro political issues rose between the upper and lower sfream
countries. When the upsiream countries starfed mega projects along these rivers the down-stream countries boldly op-
posed by using these unidirectional agreements. In spite of their oppositions, Turkey inaugurated the multifunctional
Great Alatiirk Dam in 1990 which is 43kms near the Syrian boarders and now benefited a lot out of it. Currently Ethiopia
is constructing the GERDP in the northwest part and 43km near the Ethio-Sudanese boarders. Thus this paper atlempls io
evaluate the hydro-political issues raised upon these greal dams. It also tries to suggest consfructive view for the issues
rose on the GERDP and recommend that Egypt should came for the cooperalive framework of Nile by understanding wha

Syria missed a chance in the Joint T echnical Committee (JTC) meetings with Turkey.

Keyword: GERDP, Hydro-politics of the Nile, IPoE meetings, cooperalion

the project by the downstream countries. Based on the

1. Introduction

The former Ethiopian Prime Minister, Meles Zenawi, in
March 2011 declared as “No matter how poor we are ...
the Ethiopian people will pay any sacrifice. [ have no
doubt they will, with one voice, say: ‘Build the Dam!™
when Ethiopia openly declared the beginning of the Grand
Ethiopia Renaissance Dam Project (GERDP) in Guba, the
Benishangul Gumuz Region in the Northweslern part of
Ethiopia which is 43km ncar the Ethio-Sudanese boarders.
The project is intended to produce more than 600OMW
hydroelectric power for both domestic and export to the
neighboring states including Sudan and Egypt with a little
cost (Grand Millennium Dam 2011). This project was
blindly objected by Egypt and demanded the [reezing of
the project, despite Ethiopia’s commitments of making the
project real and proposed the establishment of an Interna-
tional Panel of Experts (IPoE) to develop confidence on
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recommendation of IPoE Ethiopia,

the Sudan and Egypt made three consecutive meetings i
Khartoum in 2013 and 2014. But the meelings bore 10

fruits from Egypt’s rigid stands of demanding the freezing
off the project,

After the third tripartite meeting held in Khartoum, Sudan,
in January 2014 the Egyptian delegates embarked on 3
“media campaign and released distorted information &
garding the deliberations and outcome” of the meetings
The Egyptian government also aired as “all options &
open and still on the table to sccure water."(MoWE, 2014)
Furthermore in March 2014 Egypt accused Turkey as
source of finance for the ongoing the Grand Ethiopian-
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Renaissance Dam project of Ethiopia. But Ethiopia
stressed that the financial source of the dam was not any
other country rather the people of Ethiopia cither in the
form of bond or donation. Similarly Ethiopia inclined that
Ethiopia will accept any kind of help including advising
from any country including Turkey. It was in this situation
that this author tried (o investigate and compare (he hydro-
political issues raiscd across the Euphrates-Tigris and Nile

rivers river basins. Thus in this study 1 used a comparative
approach for cvaluating the issucs in the basins and to
replicate their implication on the Nile hydro political is-
sucs. Allempts were also made to compare and contrast
some of the tssues across the Euphrates-Tigris and the
Nile river basins in order to make a sound argument on the
importance of win-win approach and a round-table negoli-
ation for the optimal, efficient and elfective usage on the
Nile walers among the upper and lower stream countries.

Turkey and Ethiopia: Two water-towers but
‘denied to use’ their resource

Itis quite clear that water is one of the most important and
at the same time the most scares resources in the world.
The demand and availability of fresh water is inverscly
correlated wath the fastly growing population. Even more
the day-to-day activities of mankind further deteriorated
its availability as well as its quality and quantity for the
survival of life. This made water onc of the international
source of conflict among many trans-boundary river sys-
tems like Euphrates-Tigris, Nile, Indus, and others which
were also the center of ancient river valley civilization of
Mesopotamia, Egyptian and [ndus, respectively. Since the
period of antiquity thc downstream places/coumries had
the major beneficiarics of these rivers. As the upper
streams atempted to use the waters, disagreement and
even conflict erupted between the upper and the lower
streams. Many sources reported that since 19605 many
Middle East countrics involved in water-born conflicts. As
a matter of fact Turkey and Ethiopia, considered the up-
steam countries, are the major source or waler lower
countrics in the world but their rights of exploiting their
natural resources like water was absolutely denied by the

lower stream countries. To put it in other words more than
90% of the waters of the Euphrates and Tigris Rivers be-
gan from the snow-belt Anatolian Mountains of Turkey
d flow downwards to the arid lands of the Middie E.asl
O’Y Crossing the territories of Syria and Iraq) before join-
g the Pergian Sea. Similarly 86-90% of the waters of

ile emerged from the Highlands of Ethiopia and flow
down wars to Egypt after joining with the White Nile in
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Khartoum, the Sudan, and finally joined the Mediterrane-
an Sea. In both cases the downward countrics effectively
exploited the waters of these rivers since ancient times
without prior consultation of the source countries.

I’s obvious that through their backward irrigation system,
their water projects across the rivers immensely contribut-
cd for their cconomy but the Arabs used inefficient and

lcchnologically backward irrigation system and produced -

water (hirsty crops like cotton as well as duc (o the arid
type of climate in the region, there was and still is high
evaporation and water-loss that aggravated the [resh water
shortage in the region. In other words the Arabs used poor
irrigation system and have not changed in the 21st century

and failed to use technology based irrigation system (o
maximize the efficient and effective use of every-drop of
this scares resource, water. Rather they pointed their fin-
gers 1o others and developed deep running suspicions with
their water-rich neighbor states. Morcover the Arabs arc
too much reluctant to became dependent up on ‘water-rich
states’ and given up their traditional food production
methods through new efficient methods. Thus region wide
lack of trust created food insccurity in the whole Middle
East.

On (he other hand the Middle East countries also strictly
opposed any kind of water development projects of the
upper riparian states. In this case both Turkey and Ethio-
pia, being a source of waters of around 90%, suffered from
the age-old opposition of the downward Arab states and
faced rejection of their proposal from many financial insti-
tutions {rom getting loan until they decided to exploit their
comparative advanlages and to use their resource for their
developmental cndeavors until recently. Tt is crystal clear
that both Turkey and Ethiopia had no intention of harming
their neighbors rather the downstrean countries demanded
much more waters that led them to conflicts of interests.
(Kevin Freeman,2000)

The other similarities was that in both countries the down-
stream need 1o secure their ‘historic right’ of using the
walers since ancient times and requested the up streams to
manage their land/soil as weli as to control the seasonal
floods that affected them. To secure their right, the down-
stream countries raised some of the colonial times agree-
ment as their legal document without giving any prior at-
tention for the upstream rights of exploiting their natural
resources within their territories.

Up until 1960s both the upper and downstream countries
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water projects for the entire region. The project 5y,

had & harmonious relation across the issuc of water is con- (ended (o iigale more than 6500km Jor:g pipe line g,

cemed as it was highly monopolized by the later. However oo cpeme named as Turkey I’cylg:e Pipe Line (j i
i post-1960s Turkey and in post-1990s Ethiopia declared (reshwater for the arable land ol nuddle Easiery co“‘“l‘ie
4 new policy of exploiting water resource as (he wjor as far as the persian Gull. The ArAabs not only refyeq e
meins of development. This was a bitter-sorrow fo swal- proposal put also wrongly perceived s TUl‘key’s oy
low by the downstream as it threatened their historic pl;mofmzl!\illg them to be dependent upon her boyy ol
bl watcr-monopoly and hardly needed (o listen e cally and cconomically (Kevin Freeman, 2000),

any other body. This slowly but surely led them to conilict

; ; abs als ed any projects of Turk
olinterest with their neighbors. The Arabs also 0ppos y pre, KCY and

cused that any water project would reduce the quyjiyy ang
Water Politics and the role of Turkey quantity of the Mow of the river waters. Such warer reduc.
tion could lcad to the drying up ofT the existing imgmm“
projects in Iraq and Syria. Furthermore both Syrig gy lrg
also blamed Turkey of not notifying them i advanee
aboul the planned water projects according Uie ryle luid
down by the International Law Commission (ILC). Wy,
Turkey implemented the planned projects, they were gye.
cessful in convincing international fnancial institgtigyg

Up until 1960s. there was harmonious relation between
Turkey, Syria and Iraq on the waters of Euphrates and
Tigris. Later it was radically changed it was duc to Tur-
key's plan of constructing dam. Long before it, Iraq and
Syria already expanded their irrigation schemes and con-
structed dams and dennanded more waters so that they
openly opposed Turkey's plan of exploiting the waters.
The sitation was further deteriorated when Turkey em-  like World Bank (o disapprove loan to Turkey, on (he
barked off constrcting mega water projects including (the  ground (hat under its protocol, any project devised by 4
Great Atatiirk Dam which is the master picce of the multi- — state would need the approval ol other riparian countries,
purpose) the Giiney Dogii Projesi (GAP) in the long-  However Turkey embarked on construction by her owy
icnored and the most fertile region of the southeastern part — and as progress made other intuitions gave loan excep

of Turkey. GAP has planned to include many dams, reser-  World Bank.

voirs and huge hydropower plants as well as huge irmiga- o ner part Turkey argues that the daim and the water pro-
tion projects. The hydroclectric power plant has a total of jects on the rivers was part of her right of exploiting her
installed power capacity of 2,400MW and generales  pyyral resources for development. As opposed 1o this both
8.900GWh electricity annually and intended 1o irmigale  Syriy and Imq argues that Turkey is violating ther
more han 30,000sq.mils which is ncar to the Syrian bor-  «iciori- right’ for many thousand years and no any pover
ders (Ibrahim Yuksel, 2012, Akpinar 2012). has the right to take away [rom their hands. And, proposed
Afer its completion, the project not only tripled Turkey’s 10 share the water based on a mathematical formula based
agricultural production as well as providing clectric power  UPOD their current use of the water. In other words the new
for the industrics but also benefited the whole Middle — Mathematical method gave the lions-share of he water 10
Eastern countries by reducing the variability of the river as themn.

well as controlled the destructive cllects of scasonal flood-
ing. For instance in (he dry summer season (he flow of the
river ranges [rom less than 150-200cubic melers per se-
cond while in the winter due to smcliing of snow in the
Anatolia Mountains it reached to more than 5000 cubic
meters per second. After the construction of the damn, the
dam regulates a regular flow of water throughout the year,

Even though the Middle East hydro politics shaped and -
reshaped by the construction of major development pro-
jects in both Turkey, Syrian and Iraq as well as a serics of
negotiations had been taken place as Turkey gave pr or
altention for the importance of negotiation and the opzimul
cquitable use of many scares resources like water.

. Turkey and ’ . ings
However this was wrongly viewed by the downstream y the downstream countries meeting

countrics and openly accused Turkey of plotting of deny-  As slated earlier, agreements over the Euphrates River was
ing their ‘historic right" as well as a means of reducing ~ Made in the colonial period between (he newly emere”
their age-old water monopoly in the region. They were  Turkish Republic and (he French on behall of Sy ],ﬂ
also successful in convincing some financial institutions 1923 and 1926 Turkey also signed agreement with Irag "
from giving loan for Turkey’s water projects. 1946 t00. All these protacols provided a 5 framework 0

Asa good neighbor, Turkey clarified the advantages of her
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puilding UP of Nood control works on the upstream’ and
undCT“”Cd the positive impact of storage facilitics with in
e crritories Of Turkey. Based on this the (hree riparian
countrics entered a new phase of relationship over water
CSOUICES (Aysegiil 2005 and 2007; Kevin Freeman, 2000).
The period of post 1900s witnessed he alarming cxpan-
il of Iraq’s irrigation projects and the construction of
he Haditha Dam as well as Syria’s complction of the
Tabaqa Dam. At this time Turkey also decided (o con-

struct a small dam, Keban Dam, on Euphrates River. The

Keban Dam was designed only for the production of Elec-
ricity and had no any [eature which changed the water
palance of the basin. Morcover, based on their request, it
iad a very positive impact upon the waler storage facility
of Syria and Iraq by ensuring the regulation of the varia-
bility of the flow by 70% (Kevin Freeman, 2000; Levent
Aﬂcmiz,?(l(’]l). However, the downsueam countries ill-
conceived it as violating their “historic right” of using wa-
ter since old-days.

Due to Twrkey’s commitment and in order to provide the
Syrian and Iraqi officials with (he up-to-date information
and 1o develop confidence on the newly constructed Ke-
ban Damy, copics of the feasibility report of the project
were submitted and called them to sit in a roundiable and
negotiate for the optimal usage of the water for their re-
gion-wide development endeavors. Hence the first meet-
ing was held on 22-27 June 1964 with the participation of

Turkey and Iraqi water experts. In the meeting Turkey
clarified that the filling of the dam depended up on the
natural condition withoul affecting the natural course of
the river.

However, under pressure rom the donors like USAID,
Tukey guaranteed to undertake all necessary measures (o
maintain the discharge of the river fow immediately 1o the

downstreams. On the other side financial institutions like
World Bank were already financed a huge amount of mon-
¢y for the construction of dams and irrigation projects in
both Syria and Iraq (Mchmet Tomanbay, 2000).

Duc to the involvement of third party, like financial insti-
Flllions, in the mediation process, and duc 10 their favorit-
Sm 10 the downward countries and interference of the
Sovereign rights of the country, Turkey proposed for the
Stblishment of a Joint Technical Commitice (JTC)
wl_lich would inspect cach river at their sources to deter-
Ming their yearly discharge. In addition JTC would deter-
Mine the irrigation needs of the three countries through a
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field studics. The JTC also authorized by éalculating the
riparian’s nced for present and future projects to preparc a
statement of main principles and procedures to reach an
agreciment on waler rights.

The second mecting was held with Syria in Ankara in
1964, In the meeting both delegates exchanged infor-
mation’s on the status achicved in the development of the
(wo Kcban and Tabaqa projects. In this meeting Turkey
recommended the first tripartile negotiation to be held in
Baghdad and accepled. In the 1965 Baghdad meeting, the
delegates exchanged technical data with regard to the Had-
itha (Iraq), Tabaqa (Syria) and Keban (Turkey) Dams. In
this meeling Iragq proposed JTC to be a body to supervisc
and implement the agreement. This proposal rejected by
others on condition that JTC could carry and only author-
ized to maintain, coordination of the present and future
projects across the basin. Syria also supported Turkey
stand on JTC function lo study the water requirements of
the irrigable lands in the basin. In time of shortage of wa-
(cr Syria proposal include the possibilities of diverting part
of the Tigris waters lo the Eupbrales. Syria’s proposal was
strongly objected by Iraq and insisted their negotiations
should focus only on Euphrates not of Tigris waters
(Levent Aytemiz, 2001).

During the 1970s a series of JTC negotiations and meet-
ings were held but no reference were made on the water
rights because the opposition from the downstream coun-
trics. Even in 1973 JTC made a ficld trip on the three
countrics projects. Based on the observation, Turkey
pointed oul severe doubts on the accuracy of some of the
figures that Iraq prescnted as Iraq insisted an exaggerated
amount of waler (o cnsure much water. Turkey’s effort to
share the waler equitably finally failed in the meeling held
at Thawra, Syria, in 1973. Duc to the [ailure of series of
JTC mectings, Turkey and Syria went a separale way and
Turkey started the impounding of the Keban reservations
by February 1974 and Syria also completed her dam and
impounding started. The 1974-75 dry weather the situation
escalated to crisis as Iraq accused Syria while Syria
placed the blame on Ankara that led a war over water be-
tween Iraq and Syria (Aysegiil 2005 and 2007; Levent
Aytemiz, 2001). °

In 1974 Turkey started negotiation with World Bank to
construct another dam just down from Keban, the Kara-
kaya Dam. Aller a series of tripartite technical negotia-
tions, Turkey faced difficulty in obtaining fund cven
though Turkey gave a guarantee of increasing the down-
ward flow of the river. It was due to Syria’s long-hand on
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Similarly Ethiopia also faced similar challenge from Egyp!
when Ethiopia knocked the donors-door to finance some
of her water projects (Levent Aytemiz,2001).

In the absence of any alternatives Turkey embarked a huge
developmental project in the southeastern part of Turkey
named GAP (o construct (hrough mobilization her own
resources. As stated earlier GAP has a multi and far reach-
ing benefits upon its completion. In the project the largest
and the masterpiece one was the Greal Atatiirk Dam which
was renamed on the honor of the great founding father of
the Modern Turkish Republic, Mustafa Kamal Atatiirk
(1881-1938). The project was started in 1983 completed
afler scven years.

The Great Atatiirk Dam and the Grand Ethiopian
Renaissance Dam Project: A Tale of two dams

In 1983 Turkey initiated the construction of the Great Ala-
tirk Dam by mobilizing her own resources. Similarly
Ethiopia also cmbarked on constructing the huge GERDP
by mobilizing her own resources through bond and dona-
tion from her own citizens since March 2011. The Great
Atatiick Dam has a total storage capacity of 48.7billion
cubic meters and intended to gencrate 2400MW. When
Turkey announced its construction the downstream coun-
tries initiated to the continuation of the works of the JTC.
From 1983 to 1993 JTC held more than 16 meelings in-
cluding two high-profiled meetings at the ministerial lev-
cls. In those mectings JTC had given a mandate (o ex-
change basic hydrological and metrological data and infor-
mation on the entire basin for the policy makers. Based on
this Turkey provided the complete information including
the rules of operation of the reservoirs in her territories in

order to ensure better water management in the basin.
However the other countries failed to do this and after
sixleen successive meetings, the JTC unable to fulfill its
objectives and the talk became a deadlocked because of
the unending refusal and rigid stands of the downstream
countries of securing ‘historic right” without giving prior
attention for their neighboring state, Turkey.

Some of the Syrian claims include after constructing three
dams (Tabaqa (completed in 1975), Ali Baath (completed
in 1986), and Tinshirin (completed in 1999)) for irrigation,
HEP and domestic water supply demanded cven much
more waters. Secondly Syria also claimed Euphrates and
Tigris rivers as international rivers and classified as shared
resources and the waters must be shared among states de-
termined by quota or mathematical formula which is hard-
ly accepted by Turkey. Syria also demanded the diversion
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of Tigris River 10 Euphrates in order (o e more o1
refuted by Iraq. Besides to this Syria alsg dcma,“h .
participation of the United Nations in all negotiai,
requested the application ol international |yy, & Sns&
ble by rejecting Turkey’s offer orpcaCC_mpc Dﬁl:n ;s
dng

I
deg Il

possi
irrigalilig the region basced on techno-based irrigatjon

{ems (Kevin Freeman,2000). In order to seeyre her ws 5
interest Syria also interfere in the internal affyir DrTﬂlu
key by hosting and arming Kurdistan Workers P'lm.
(PKK) againsl Turkey (Levent Aylemiz,2001). [y P;Jra:‘

19905 Syria and Turkey were involved g Proxy
against water. Duc (0 her refusal of negotiation Sy;?;
missed a chance of petting more walers as well as hygg,,
lectric energy with a low cosl from Turkey.

In spite of their opposition the construction of (he Grey
Atatiirk Dam completed in 1990, The dam compley
transformed the arca in to the major cconomic hub of Ty
key even though PKK operate in the arca. One of the bep.
efits of the dam was providing a regular and stable Now of
water (o the downstream. It also argued that due to Tu-
key’s geographical and topographical nature the dam re
duce the water losses through evaporation. Upon the com
pletion of the dam, Turkey temporarily halted and divericd
the fow of the river for filling the great rescrvoir for fou
weeks after notifying her ncighbors in November 1989,

However Syria and Iraq ofTicially protested and called for
an agreement to share the waler of Euphrates. In this {ime
all Syrian dams gol a severe shortage of water and unabl¢
to produce more encrgy and at the end the Syrian econony
severcly damaged. Although Syria refused 10 negotilé
Turkey effectively exploiled her water resources and e
comparative advantages by constructing many dams ud
reservoirs as well as by defcating PKK. On the other sik

Syria is still suffering from shertage ol water and povery

and even recently in civil wars.
of the pirec!
4 designed?

he gene”
0 i
| (JI)E'L

In 1996 Turkey also started the construction
Dam on Euphrates. The dam was intended an
regulate the water level of Euphrates during !
of HEP at the Atatirk Dam. Both Syria and Iraq seil
cial notes (o Ankara in December 1995 and L i
respectively, indicating their objection of the COHSIEa o
of the dam on the ground that the dam woll

quality and quantity of the water flow. Despite 1 )
tion and Turkey’s commitment, afler the constructi®
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s in Turkcy both Syria and Iraq have had a regular
ater throughout the year. They were also free
destructive effect of seasonal flooding cvery

the d
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fom (he
ycur.

also the same in the case of Ethiopia and Egyptian

It's : :

celation across the Nile waters. By using the colonial
.,grccmcnls as well as “historic rights™ Egypt objected any
d

water projects in Ethiopia and cven delayed and success(ul
\y convincing some financial institution nol to finance
quch projects. As Ethiopia has a policy of exploiting her
waters for development as well as playing lcading role in
{he usc of rencwable energy for combating climate
change, Ethiopia cembarked construction of small dams
and finally declared the construction of GERD in March
2011 which is financed by Ethiopian government and peo-
ples (hrough donation and bond. This was a nightmare for
Egyp! and requested Ethiopia to stop and halt the project
put due to the commitment of the Ethiopian government
the projeet is now (June 2014) alrcady 34% completed and

it will be completed as per the action plans.

when Ethiopia started the construction of the GERDP, it
is designed for the production of hydroelectric power and
has no plan of using the watcrs for irrigation. But Egypt
objected as it afTect her age-old water monopoly as well as
refused to sign the Nile Cooperation Framework Agree-
ment which was signed by seven Nile riparian countrics
with a logic of win-win approach and cooperation. Instcad
Egypt accuscd Ethiopia for constructing dam. The dam
has an international engineering standards and designs. To
be clear the matters Ethiopia proposed the establishment
of an International Panel of Experts (IPoE) represented
from Egypt, Sudan and Ethiopia. The panel ol cxperts
made a ficld trip and came up with a document stated that
there is no sever impact of the dam on the downward flow
of the river. Based on the study, the pancl of expert made
that the GERD project was being undertaken in line of
international designs, criteria and standards. 1t had a re-
gion wide significant benefits (o ail countrics. As Ethiopia
clearly stated, the project improved a good access of ener-
gy as well as it solved the problems of siltation in the
dams in the Sudan and Egypt by controlling the problem
of frequent flooding and improve a constant flow through-
out the ycar. The dam also sharply cut sediments reached
0 the Aswan Dam as well as reduces cvaporation and
water loss in the region. Besides to this Ethiopia also con-
stantly assured to the Sudan and Egypt GRED that it will
have a region wide benefit and boldly underlined the con-
struction of the dam will have a lot of benefit not only for
the country but also across the continent Africa by linking
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with hydroclectric through the lowesl cost. Thus Ethiopian
o the initiatives and invited the two downstream countries
with a good faith of cooperation (o ncgotiate on the issuc
and recently the Sudan is baking the project becausc of its
benefits while Egypt is still running around the bush. Like
Syria, Egypt is missing the advanlages of ncgotiations as
Ethiopia called all including Egypt to work together for
their better future. .

In all the three (ripartite meetings held in Khartoum, Egyp!
raised different concerns on the project ranging for frecz-
ing off the project to a joint administration of the project.
Ethiopia made clear that it’s a question of sovereignty and
stressed on the importance of solving such issucs through
a round-lable. Recently Egypt accused many in financing
the dam including EU, US, Turkey and others, but Ethio-
pia boldly downgraded the Egyptian claims as the source
of the finance is and will be the Ethiopian government and
Ethiopian people only. In March 2013 Egypt accused off
Turkey for financing the project after the Turkish Foreign
Minister Ahmet Davutoglu attended the 22nd African Un-
ion Summit held in Addis Ababa on 30-31 January 2014
held in Addis Ababa.

Conclusion and Recommendation

Like Turkey, Ethiopia followed a good faith of coopera-
tion and win-win approach for the optimal utilization on
the Nile waters. Ethiopia has no and will not have any plan
or intention of harming the downstream countries. A good
example may be after constructing the dam Ethiopia has
no plan of using the water for irrigation even though there
is a huge irrigable land in the arca. However Egypt blindly
requested Ethiopia to stop the construction of the dam. In
all carlier meetings of the Nile Basin Initiatives as well as
the tripartitc meetings in Khartoum, Egypt raised inept
and groundless claims over the Nile and refused to join to
these mectings. Even in those meetings Egypt joined with
the aim of agrecing not 1o agree. As a result, Egypt failed
to sign the Cooperative Framework Agreement (CFA) in
2007 in Entcbbe (Dereje, 2010) as well as the three suc-
cessive meeting held in Khartoum. Like Syria Egyptians
refusal might cost them in their future relation with the
riparian countries.

In spite of Turkey’s and Ethiopia’s wide range of initia-
tives and equilablc and optimal utilization of the water that
raised from their land as well as playing a leading role in
bringing the downstream countries (o a round-table discus-
sions, the downstream countrics advocate an old rhetoric
of *historic right’ and water monopoly even in the 2 Lst
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century. These countries instead of cooperation and follow
a win-win approach in the issue of trans-boundary Walcrs
they interferc and sometimes gave shelters for so.nllc er-
rorist organization and even arming them to destabilize the
upstream states. A good example may be Syria becanie
safe haven for the movements of PKK until the end of
1999 when its leader arrested. In the some case Egypl also
did the same ranging from releasing false and dismnc'd
information 1o the media to diplomatic move against Ethi-
opia and her water projects. If possible, Egypt might also
support some anti- Ethiopian groups as she did in the pasl.

In all negotiation endeavors, like Syria, Egypt also gave a

deaf-ear for the recommendation of the IPoE as well as ;

Ethiopia’s proposal of the region wide benefits of the pro-
Ject as one Egyptian professor acknowledges. Even Ethio-
pia also proposed the techno-based water pipe system for
the efficient and effective use of every drop of waters and
to reduce the high evaporation and water loss in the arid
lands as well as to increase a mutual benefit with all the
riparian countries. Even Ethiopia also commitied to share
and 1o reach her energy hub as far as the poor Egyptian
villages. Bul these all Ethiopian plea fell on a deaf-ear of
Egypt who demanded only the abandonment of the project
while the Ethiopian government stressed the dam will
never halt for a secornd and committed to finish by work-
ing 24 hours a day by allocating a huge amount of nmoney
as well as resources for the dam.

Thus it is possible to conclude that both the Great Atatiirk
and the GERD Projects have promoted region wide devel-
opmental benefits. In this game no one wil] lose rather aJ)
parties will be the winner unless they settled their differ-
ence by round table negotiations. In (he case of Turkey,
Turkey gained a lot as the dam alarmingly tripled her eco-
nomic and political growth afier s completion. It alsg
changed the region drastically from a long-ignored barren
land to the center of economic growth. The projec; pey
only increased the agricultural production but alsg provide
a huge job opportunity for the local people, infrast_mclma]
development as well as recreational ang fishing activitjes
introduced in the region. Simj larly GERD projecy intended
not only to benefit the local people but alsg i provides
electricity with a low cost for the ncighboring States ip-
cluding the Sudan and Egypt. It also secured 3 regular

flow of the river by controlling the seasong] variabiljg
and destructive impact of flooding. &

Finally, based on the facts mentioned

above it js 055!
. S8
to forward some recommendation jng] possible

uding: -
¢  Ethiopia should complete (ne Project as per the actjq
n

water 14 (1)

ole the benefit of the basin wiq, i

nd pron )
plan and | ¢ dam to the Intcrnational cornmuni[y

vantages of th :
including the Eyptians.

Ethiopia should promote more public relatigp ang
public diptomacy on the dam. llS‘WCU. as slrengile,
more the political and cconon.mc dlp]()l'lL’]C)f. 10 chang,
(he behaviors of the inlc.malmnul community ag wel|
as some financial institutions

Ethiopia should mobilize more the public to g More
financial. moral and technical support from (he popu-
Jation, as it is doing now

Ethiopia, as did il before, should urge the downstregy
to come to discussion and negation for mutual benef;
and growth.

Like Sudan, Egypt should accept the basin wide bere.
fit of the project and came to the round-table agree-
ment.

Egypt should learn from Syria when Turkey started
filling of the dam Syria’s economy severely damaged
due to shortage of water available for her dams a
well as water

supply for her population. Thus Egypt has to respect
the positive impact of cooperation and should sign the
Cooperative Framework Agreement as well as sup-
port the construction of the dam.

As a pood neighbor, Egypt should refrain from any
subversive actions agains Ethiopia, as she did before.

Like the Egyptian, (he Ethiopian government should
8ive 4 prior attention for wayer security right as well
a5 cllectively exploitation
which is (e only way ouf o
country, as stateq in
and directjyeg,

of her water resources
[ reducing poverty in the
the country’s polices, strategics
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Abstract

A number of irvigation schemes are either al desigh, cons!

ous studies have estimated the current water demand of these sch forat g ellinalis e
: 5 for a chan, ‘onditio ..
In this study, we assessed the net irrigation requiremen! (NIR) of these schemes dilion usgy,

the newly developed Representative Concentration Pathway (RCP) scenario. More .specrﬁ;‘a{j;;'. ,H: us’ca’l the RCpPy SC:
nario in which total radiative forcing is stabilized at 4.5 Wimn2 shortly afier the yeﬂr- 2100. -’;)} /Wt-( M‘? Meleomlug,'[.a{
and Hydrological Institute (SMHI) dynamically downscaled the CanESM2 Global C limate Model by ’fﬂ,”g t/_:c RCA4 p,.
gional Climate Model (RCM). This dynamically downscaled climaie data was obfamedﬁ'“”: CORDU‘ -Africa Progray,
Reference meteorological data for bias correction of the RCM oulputs was provided by ;'Ire National Meicorology Agengy
of Ethiopia. We retrieved proposed cropping pailerns Jor 9 irrigation pr ojecis from design or masier plan reporis stubje
to the status of the schemes. Impact of climate change was evaluated for the shorl ferm (2011-2040), middle term (204,.
2070) and long term (2071-2100). The average annual rainfall of the schemes show mixed changes with a decline in jeq
future and an increment in the medium and far futures. A consistent increment in polential evapolranspiration is projecte
Jor the future. This has resulted in a future increase in NIR which slightly affects the inflow and storage of Lake Tang
Currently, we are expanding this work to eight GCMs outpuls which are dynamically downscaled by CORDEX-Africa. Ife
verall impact on the Lake Tana waler balance and assessing appropriale adaptation sirategies.

; afi stage in the Lake Tana sub-pqy;
ruction or opemnonal 4 basin

emes nmder stationary climate ignoring climaye i
' ge.

are also evalualting the o

Keywords: Climate change, irrigation waler requirement, RCP, Lake Tana

. of temperature increase of 0.34 “C per decade between
1. Introduction ) ) 1951 and 2006. Projections of 18 global climate models
Nowadays, there is undeniable scientific evidence about o \po country suggest an average future warming of 1.2
the increasing concentration of greenhouse gases in the ¢ 34 5 5oC by 2020 and 2050 respectively (Conway and
a!mosphen.: Amil. 18 '\ﬂSlble_lmpaCl o the glc‘bal — Shipper, 2011). The increase in lcmpcrnu;rc is prcdiclcd
system. Since the industrial revolution an increase of for 4l four seasong and {6 4ll fegions of Eihiopts Tt
green housc gases S{UCh El’s C?Z a?d CH4 has occurrhcd ?Hd same multi-model study suggests acvcry small increasc in
as a result the entre global surface temperature has in- average anmual precipitation of 0.4% and 1% by 5020 and

creased. Over the period 1880 to 2012, the globally aver- .
P C y 2050 respeclively. Projections of 19 CMIP models for the

aged combined land and ocean surface temperature data ; _ -
representative concentration pathway RCP &5 scenano

ing of 0.85
:howeq o ¥ ; 2 show a warming of the Upper Blue Nile basin by 4 10 6°C
C. This increase in temperature is reflected by the consid- for the time period 20 : hese ot
erable rise of global avc.raged sea level and the average S onpt’-nf') 06 192100.'5150-, 80% Of“;S, i
- rate of ice loss from glaciers around the world (Hartmann TanagTwh'ch i mcreas; In precipitation 'J‘-'“CI{S‘? sc‘)’C -
] ipitation trends Ich 18 our study area an increase ol £=

et aJ 2013). Precipitation trends are ol very clear but e GCl\)fII o " mend of P
during the last 3-6 decades precipitation changes were . ° models but a clea "

sources of droughts and heavy rainfall in eastern Africa Cipitation change could not be drawn as there was 10 co

sensus between the climate models (Setegn et al., 20! e

(IPCC, 2014). _ o
In Ethiopia, McSweeney (2008) stated that the mean anny- ;hf ag:cuilural sector will be very much affected Ib.}l: ]11,1
dle change since (his sector is ve itive to sV
ry sensitl

al temperature between 1960 and 2006 has increased by  tem i e
1.3°C, at an average rate of 0.28 °C per decade while the petdlure and precipitation pallen:

climate change national adaptation programme of action
(NAPA) of Ethiopia (NAPA, 2007) specificd a higher rate
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For developing goumrics, the impact of climate change
has much morc implication due (o (heir reliance on the
E‘g['u:ullurnl sector and limited adaptive capacity related 1o
(he existing low levels of development (Nelson, 2009), By
2020, between 75 and 250 million pcople in Africa are
projcchd to be exposed (o increased walter stress due (o
climate change. In sonie countrics, yiclds from rain-fed
agriculture could be reduced by up to 50% which will sc-
centuate the previously existing food sccurity and malnu-
rition problems (IPCC, 2007). Therefore, for countrics
like Ethiopia that are trying to achicve significant cconom-
ic growth, climate change is 2 major bottlencek. A model
used in World Bank (2006) assessed (he economic effect
of hydrological variability in Ethiopia. It predicied thal
hydrological varability reduces projected rates of cco-
nomic growth by 1/3 and increases projected poverly rates
by 25%. Therefore, observed and predicied increasing
temperature and changing precipitation trends will require
implementation of adaptation measures that will manage

and reduce risks on productive systems such as agriculture
(TPCC, 2014).

In order to meel water demands of agricultural systems
and cope with climate change we should invest in new
irrgation infrastructures and improve the existing once
(World Bank, 2006; Falkenmark ct al., 2008; Misra,
2014), Irrigation is a good adaplation oplion as il increase
productivity —and  withstand ~ rainwater  shortages
(Kurukulasuriya and Rosenthal, 2003). This being said,
imigation schemes can also be affected by climale change.
Because global warming will affect temperature, evo-
polanspiration and precipitation patierns, there will be
direct impacts on water requirements (McKenney and
Rosenberg, 1993). Doll (2002) predicted that two thirds of
the global area equipped [or irrigation in 1995 will possi-
bly suffer from increased water requircments duc (o cli-
mate change. Also, Fisher et al. (2007) suggested that cli-
mate change will increase irrigation water requircment and
affeet socio-cconomic development.

The implementation of irrigation schemes requires large
and long-lived (30 to 200 ycars) hydraulic invcs.lmcnls
(Hallegatte, 2008). And because of climale change -lmpacl
on water demand these investment nced (o be ﬂcmbl.c. In
other words they should take into account the magnitude
and direction of future climate change (Hallegatie, 200?;
World Bank, 2011). In Ethiopia where climale chalngc .15
one of the major concerns, projects that ain? to alleviate 1ts
impact through the development of 'Ln‘igauoln scheme are
being implemented in the Lake Tana sub-bas_ln. In the .sub-
basin, reservoirs that will help convert the rain fed agricul-
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ture to an irrigated agriculture arc being built. Various
design reports have estimated the current waler demand of
these schemes under stationary climate bwt none of them
have considered 3 changing climﬁlc.

For Ethiopia, most scientific studies focused on climate
change impact on water availability (c.g. Abdo, 2009,
Sctegn et al., 201 I, Hanibal, 2013; Aich et al., 2014;
Reynolds, 2013). However, scientific studies that assess
impact of climate change on water demand are rarc. In the
aforementioned studics, we can notice that works on Ethi-
opia’s conlext are mostly based on the General Circulation
Modcls (GCM), which have a rather small resolution com-
pared o Regional Climale Models (RCM). DifTerent
GCMs were uscd for different parts of Ethiopia but the
most commonly used is the UK Had CM3 model. The
SRES (IPCC, 2007) scenarios are mostly used in previous
studics while very few (c.g. Aich et al., 2014) used the
newly developed Representative Concentration Pathway
scenarios (RCP),

In this study, we assessed the impact of climate change on
the net irrigation requirement (NIR) of ongoing and
planned irrigation schemes in the Lake Tana sub-basin.
The climate data was obtained from an RCM simulation
with unprecedented resolution for the sub-basin. One of

the newly developed Representative Concentration Path-
way (RCP) scenarios is also used.

2. Study area and data set

2.1 Study area

The Lake Tana basin is located in the north-west high-
lands of Ethiopia at an clevation of 1800 m. Lake Tana
which is the main sourcc of the Blue Nile River is the larg-
est lake in Ethiopia with a surface area of 3156 km2. The
lake is shallow and has a maximum depth of 15 m. The
climatc of the region is ‘tropical highland monsoon’ with
onc main rainy scason between June and September. Its
calchment arca reccives 1280 mm mean annual rainfall
while the lake reccives 1347mm of rainfall annually, on
average. The air lemperature shows large diurnal but small
scasonal changes with an annual average of 20 °C. The
annual mean actual cvapotranspiration of the catchment
arca is estimaled to be 773 mm (Setegn et al., 2009). Mean
annual lake cvaporation is 1563 mm.

Tributaries of Lake Tana conslitule more than 40 rivers
and strecams. Howcver, only four major rivers contribute to
> 93% of the lake inflow: Gilgel Abbay, Ribb, Gumara
and Megech. The only surface outflow is the Upper Blue
Nile, which comprises 7% of the Blue Nile flow at the
Ethio-Sudancsc border (Shahin, 1988; Conway, 2000).
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Rientjes ct al. (2011) estimated that the the mean annual
inflow (o the lake is 5426 million cubic meter (MCM) and
the mean annual outflow 15 4508 MCM (Table 1).

Table I: Lake Tana water balance (Rientjes et al., 2011)

Water balance components yr~l MCMyr~!
Lake arcal rainfal) +1347 4104
Gauged river inflow +1254 382

Ungauged river inflow +527 +1605
Lake evaporation - 1563 —4762
River ourflow — 1480 —~4508
Closure tenn +85 +260

Over the most recent years, Lake Tana sub-basin’s huge
walcer resource potential hias been recoguized and govern-
ment initiatives are focusing on making the region an ex-
emplary growth corridor of (he country. A hydropower
development and a number of irrigation schemes planned

F=i R
14822 g
la040 6024 %,
IR G

"

Figure I: Lake Tana Beles schemes irrigated area

2.2 Data set

The Penman-Monteith equation is the international stand-
ard in both humid and arid environments for eslimating
reference evapotranspiration (ETo) (Smith, 2000). A se( of
climatic variables are needed to calculale ETo using the
Penman-Montceith formula. The key variables that infly-
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on (he main (ributary rivers are i the .cen!c:‘ ol lhc—:'waler
resource development plan of the regiin. Thc design of
cight irrigation schemes is conpleted with slightly smaller
than 60,000 ha irrigated land (Fig. 1) and are expeeted 1o
have a total annual water demand of greater fhi?ll Q(JO
MCM (USBR, 1964; BCEOM. 1999). The Koga irrigation
project (7,000 ha) is the only one (o be (.:urrcnlly opera-
lim.ml and is cxpecled to serve asa model, in c‘uh:r wor'ds a
confidence builder for upcoming iffiééi"lf’f_' projects
(Reynolds, 2013). Construction ol Ribb lmgullop project
will be completed soon while that of Megech has just bcgu
started. Fig. 2 shows the status of the irigation schcn‘ncs in
the sub-basin. The North East Tana, Mcgech Robit and
Megech Seraba projects will pump water from the Lake
whgn the others will huve reservoirs. For almost all of
these projects, furrow (flooding) irrigation will be the
method that is going to be used. Exceptionally for Ribb a
gradual conversion Lo sprinkler irrigation is planned in the
near future (i.¢. ten vears after the scheme is operational).

‘y

Aogme "'-Q‘»'

-

4 W Robit Y
8 'Vm....,..-.', : :

k] Peccnnsssancs
l. o Usdins wses uetios

Elovation
Valtuw

m.»,-. )
Exd
low Y19y

Figure 2: Lake Tana Beles schemes status

ence ETo estimation are mean daily maximum tempera-
ture (in °C), mean daily minimum mperature (in °C),
mean temperature (in °C), mean wind speed (in m s-1) and
mean cloud cover (in %), These data sets for the baseline
and future time periods (1970 10 2100) were obtained [rom

CORDEX-Africa which mage dynamically downscaled
data readily available for users,
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The data used in this study came from the RCA4 Regional
climate Model (RCM) which was used to downscale the
Sutputs of the GCM model: Canadian Center for Climate
Modeling and Analysis (CCCma). In this study we used
e RCP4. 5, which is a medium-low scenario aiming for
slabilization of the radiative forcing at 4.5 Wm-2 shortly
Jfer the year 2100 (Table 2). This target is achieved

mrollgh low emission energy technologices, carbon capture
and g’cologic slorage technologies.

For bias comrection of the RCM data, climate data was
obtained from the National Meteorology Agency (NMA)
of Ethiopia. The observation period is subject to the sta-
tions and variables with most of the collected data cover-
ing the time period between 1986 and 2005. The Quantile
mapping method was used to correct the bias of rainfall
while the temperature bias is corrected by shifting to ad-
just the mean and scaling to adjust the standard deviation.

Table 2: Characteristics of newly developed RCP scenarios

Scenario RCPL6 RCP4.5 RCP6 RCPS8.5

Component

COﬂlpﬂIlSO‘ﬂ with No Sﬂﬂlogllﬂ \Ter\}r close to Bl b:\’ 2100, Similar to A1B by 2100, Nearly 1dentical

old scenario bqr higher emissions at but closer to B1 at mid-  AlF1

mud-century century

Green‘hO‘USE gas Very low Medium-low mitigation High mitigation High baseline

emiSS10ns

Agricultural area Medium for Very low for both Medium for Cropland Medium for both
cropland and cropland and pasture but very low for pasture  cropland and
pasture (total low) pasture

Aitr pollution Medium-Low Medium Medium Medium-high

2100).
3. Methods

Net irrigation requirements (NIR) is often estimated using
the CROPWAT software. The main inputs of CROPWAT
are monthly average climate data which include rainfall,
reference crop evapotranspiration, crop coefficients, plant-
iﬁg dates, growing stages, crop heights and soil type. In
(his study, we implemented CROPWAT in R-software so
(hat to be able to continuously gimulate NIR for 130 years
(1971-2000). Proposed cropping patiern as well as crop
specific data (crop coefficients, planting dates, growing
stages, and crop heights) for the 9 imrigation projecls was
retrieved from design or feasibility reports subject (o the
status of the schemes (Fig.1). When the required data was
not available on these reports we referred to the FAO da.la-
base. Percentage of cultivated land of the irrigation
schemes is shown in Figurc 3 for dry season, Wcl season
and percnnial crops. Also pre-irrigation water (water al-
lowance for land preparation) Was assumed at a rate of 70
mm/ha for annual crops. The arca-weighted NIR is pro-
cessed for monthly and annual time scales from the yejar
1970 16 2100. Tn this study, the analysis period was divid-
ed into four: baselinc (1971-2000), near future (2011-
2040, midium future (2041-2070) and far future (2071-

water 14 (1)

4. Results and Discussions

The average annual precipitation, ETo and NIR of the 9
irrigations schemes for the three future time periods was
compared (o the baseline period 1971-2000 (Table 3). The
change in annual precipitation did not show a clear trend.
Annual precipitation is likely to decrease by almost 2% in
the near future and increase by 4.5% and 2% in the middle
and future time period, respectively. A 5%, 6% and 8.5%
increase in ETo are expected in the near, medium and far
future periods, respectively. Also, the NIR showed a simi-
lar trend to the ETo as annual NIR is likely to increase by
4.5%. 6% and 7% in the three future time periods, respec-
tively.

NIR will likely increase for all irrigation schemes in the
future but the magnitude of the change differs from one
scheme to the other (Figure 4). The change in magnitude
can be attributed to the difference in cropping patiern but
also o region specific climatic and geographical charac-
teristics.
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Figure 3: Proportion in % of Annual and Perennial Crops
Table 3: Change in annual precipitation, ETo and NIR for Climate Change Scenario (RCP4.5)
Near future Medium furure Far future
2011-2040 2041-2070 2071-2100
Change in Precipitation (%) -1.83 455 2.16
Change in ETo (%) 515 6.32 8.57
Change in NIR (%) 456 5.87 713
Near Future Middle Future Far Future
10

oo

[+

Change in Annual
NIR (%)
o

2 T e »
3]
§ £
-9 &
Figure 4: Annual NIR change for each scheme and time period . =
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The maximurm percent of futurc increase in NIR is ob-
served for the Ribb and Megech schemes. NIR change for
(he Gumara scheme is exceptionally very small (an in-
fonly 2% by 2100). This is because the dry scason

crease 0
account for 23% of the total irrigated arca of

crops only
Gum‘dl’ﬂ.

m Baseline 1 Near Future

@ Middle Future

The annual cycle of NIR in the sub-basin is shown Figure
S. There is strong intra-annual variation in irrigation re-
quircment which varies from <5 MMC in the peak rainy
months (July and August) to nearly 90 MMC in the dry
month (February). The change in monthly water season
(January to May) compared to the wel season (June to
December).

mFar Future

NIR IN MMC
Lh
S

0 - W5 5.5 B
JAN FEB MAR

£ M B
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e

AUG S OCT
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Figure 5: Monthly NIR for Climate Change Scenario (RCP 4.5)

5. Conclusions

In this study, we cvaluated the impact of climate change
on net irrigation requirement of the planned and ongoing
irrigation schemes in Lake Tana sub-basin. The study is
unprecedented for the sub-basin as it uses high resolution
RCM data and the new RCP 4.5 scenario. Our results
show that annual precipitation of the 9 irrigation schemes
in the sub-basin will slightly decrease in the ncar futurc
bul will increase in the medium and far future, These re-
sults arc in consensus with the 4th [PCC Report on Re-
gional Climalc which reported a likely increasc in annual
mean rainfall in East Africa. In the future, increased evap-
otranspiration will lead (o higher net irrigation require-
ment in the sub-basin. However {here exists strong intra-
annual variation in NIR which peaks in February and at-
(ains its lowes! in August. Ribb irrigation scheme has the
largest net irrigation requirement while Gumara has the
lowest requirement. This is mainly explained by size of
irrigated land and cropping pattern. For an overall irriga-

tion efficiency of 50%, the gross irrigation requircment i

the sub-basin is 863 MCM per year for the baseline period
which represents 14.91% of the annual average inflow of
Lake Tana. However, GIR will account for 15.55%,
15.72% and 15.88 % of the lake inflow in near, medium

water 14 (1)

and far future, respectively. In other terms, the impact of
irrigation withdrawal on the lake inflow will increase by
1% by the end of the century. Nevertheless, a further study
that does take into account additional parameters and other
projects (hydro-power projects) in the basin should be
carried out (o assess the overall impact on the basin inflow
and storage. In this study, we applied only one possible
pathway of climate change which refers to total radiative
forcing stabilized at 4.5 W/m2 shortly afller the year 2100
through low emission encrgy technologies, carbon capture
and geologic slorage technologics. To be more conclusive,
we suggest use of the RCP 2.6 and 8.5 scenarios as well as
climate outputs of multiple GCM-RCM combinations.
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Deforestation and a Strategy for Rehabi

Semench Bes
Haramaya University,

Abstract

Being identified as one of the growth corridors of Ethiopia w
natural resources are not yet adequately utilized in planned, infeg!
country has initiated and implemented large-scale development
Tana-Beles sugar factory in Beles sub basin region. 4 study is
Beles sub basin which focuses on estimating the pattern and magni
Jorestation. The study uses NDVI data from iwo periods (200! and 2012)
ciated biodiversity loss. Key informants interview and focus group dis
Secondary data on ecological and socio-economic issties Were ob
were downscaled using NDVI technique. The result shows that deforesta
were the major problems in the Beles sub basin of Ethiopia. High poptt
scale investments, uncontrolled wildfire, illegal logging, firewood and cha
program were found fo be the main drivers of deforeslation. As a resull, @

change, massive deforestation in the name of investment and n imal stich as lion, elephant and by
falo to Sudan were few of the overwhelming problems. This m

and sustainable development of the study area. Therefore, conlinuous water,
e actions and Participatory Forest Managenm

communities based on the principles of collectiv

as vital development activities. Furthermore, frequent awareness creation o

duction, EIA preparation and implementation for large scale agricultu
¢ use of the Beles basin natural resources.

villegalization program is suggested for long run effectiv

Keywords: deforestation, biodiversity loss, NDVI and GIS, Beles Basin, B

Ethiopia

1. Introduction

Ethiopia is the second-largest population in Africa, with
limited capacity to manage natural resources, and wide-
spread land degradation. The country also faces many seri-
ous challenges to conserve its biodiversity and forests.

With broad latitudinal and altitudinal ranges, Ethiopia

€DncoInpasses an extraordinary number of ecological zones,

which in turn host rare and endangered species and high
demism (USID, 2008). In combination with its
a center of genetic and agricultural diversi-
ty, conservation of water, forest and biodiversity is an is-
sue of global imporancc. Benishangul Gumuz region,
which covers the majority parts of beles sub basin area is
¢ richest regions in terms of vegelation coverage
" in the country comprising about 68, 495 ha of forest cov-

erage. Moreover, the region possesses about 2,473,064 ha

of woodland, and 1,422,191 ha of shrub land. Yet the rate

of deforestation and forest degradation is alarmingly high
exploitation, overgrazing, expansion of cultiva-

rates of en
importance as

one of th

due to over
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od common pool resources, the regions’ , higs
aled and s)u'/ematic manner. In c'ogrnecliun 10 thig ;‘
s such as the renaissance dam of Ethiopiq am; ”;f
defores{afion and its prolection Strafg ‘E
tude of deforestation and the friggering faciop of d:ﬁ
1o analyze the rate of deforestation and (), ﬂm‘
cussions were held 1o generale the requireg day
ained from different GIS and Satellite images, wWhiy
o and fhe rest lting environmenlal degrag, i

lation pressure, agricultural land expansion, lorge

rcoal production, and forced villegalizgy,,
wvironmental consequences such as cling,

projec
dertaken on

igration of precious ant
y strongly confront the food security, community livelifoqf

- Jand and forest conservation aclivity by locl
ent (PFM) is recommendy
» wildfire protection, modern charcoal pry

ral invesiments, and implementation of volunlar

enishangul Gumuz and Amhara Region,

tion and settlements that are accompanied by excessh®
deforestations, invasions of alien species and pollution
According to Benishangul-Gumuz Regional Food Securily
Strategy Report (BGRFSSR) report, degradation of fore
resources is increasing at an ¢-rming rate due (0 variows
factors such as encroachment, foresi fircs, absence of
cure land use policy, cffects of agricultural expansion
intensive resettlement programs (BGRFSSR. 2004). Lack
of equitable access to natural resources and, hence, inequ"
Ifible distribution of their benefits oflen leads 0 clandes
llqe encroachment, resource use conflict and misapproP™
ation of these resources (Veerakumaran, 2007) In ¥
same ways, the rich fores! resources of Beles basin ¥ ’
& BGR are being depleted because of several fa‘_mﬁ'
These in turn, hamper the economic growth of the regio"
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Although there are some cases of improvements in so°
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parts of Amhara region as the result of irnplen‘lenmuon
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cipatory forest manage.ment (PFM) and basin conser-

it activities, still massive forest degradation is threat-
vﬂf‘o much of the biodiversity of the Beles basin. Conse-
en!ﬂgl from time to time, the distribution and populal.ion
uen‘a;’; mammals and birds is dramatically declining. A
ofg‘ conducted in Benishangul Gumuz region indicated
u?lal large scale projects sigr}iﬁcanlly and negatively affect
i Socio.gconomic and environment condition of the local
peoplc (Semcneh, 2014). /.\s a result, the environmental
consequences such as massnvc_ dcforestation and migration
ofprecmus animal such as lion, elephant and buffalo to
Sudan arc one of the overwhelming challenges. Though
ample theoretical evidence is cited on the economic, social
and political causes of biodiversity loss in Tana-Beles
pasin, there is lack of scientific study on magnitude and
pattern of deforestation in Beles basin. If it exists, the
available studies are fragmented, meager or even non-
existent particularly in BGR parts of the basin.

To reverse the situation, academicians in the ficld of natu-
ral resource economics ofien suggest cooperative/
collective management of forest by local people them-
selves, while others still recommend privatization and
centralized state management. Despite the advantages and
disadvantages of the aforementioned development ap-
proaches, currently, collective forest management initia-
tives has been under implementation through PFM strate-
gy adopted in the regions. Hence more scientific research
in this area is imperative to validate the effectiveness of
such development strategies.

2. Objectives of the Study

This study will have the following interrelated three objec-
tives.

i. Demonstrate the pattern and trends of deforestation in

Beles Basin areas of Benishangul Gumuz and Amhara
regions.

ii. Identify the main causes of deforestation in the in Beles
Basin arcas of Benishangul Gumuz  and Ambhara regions.

iii. Suggest policy option that can reduces deforestation
and biodiversity loss in future planning.

3. Methodology

3.1. Location and Description of the Study Areas

This section will describe location of the study areas and
brief research design followed in achicving the rescarch
Objectives, More specifically, the location and description

Water |4 m

-

of BG and Amhara regions, data collection lechniques,
data type and method of data analysis is briefly described.

2.2. Location and description of Beles sub basin

The Beles sub basin is part of Abbay River Basin and S_lm'
ated within Metekel zone of Benishangul-Gumuz Ret‘?’m"
al Statc (BGRS) and five woredas of Amhara National
Regional Statc (ANRS). The sub basin covers an arca of
14209 km2; including the catchments of a number of
small rivers (totaling about 650 km2) that drain dlre-ctly
into the Abbay and are strictly not part of the Beles rl\fer
catchment. The Beles River has two rivers: The major

river is called Abate and the other is Gilgel Beles River.”

Apart from this, many small tributaries drained into the
Beles River, To mention some of them: on the right bank
of Beles River (Babzenda, Yazbil, Aysika and Gulbak‘)
whereas on the left bank (Bunta, Rapids, Shar, Dukusi,
Gorishi and Bajengi).

The highest point in the Sub basin is 2,725 m.a.sl, at
the water divide between the Tana and Beles basins. The
mean elevation of the sub basin is 1,190 m.a.s.l and the
Beles river joins the Abbay at an elevation of 540 m.as.l,
near the border with Sudan. The rainfall pattern within the
sub basin shows spatial and temporal variation. Despite
the variation, the average annual rainfall within the sub
basin is about 1,490 mm/year, From the past field data
collected, land cover of the sub basin includes 56.37 per-
cent open forest in which the cultivated land may be
found, 26.3 percent closed forest and others cover the rest
17.33 percent. It can be concluded that the land cover of
the sub basin is predominated by forest. Meanwhile, the
Beles sub basin at both lower and upper Beles has a huge
potential of irrigable land. According to Nile basin master

plan document, 17,232 hector of land are estimated as
suitable for irrigation.

3.3. Data Collection Technique and Dataset

As indicated above, the study is conducted in Benishangul
.Gumuz_ and Amhara regions. These regions are selected
purposively based on the huge resource endowment and
thei are of deforestation as the result of manmade and nat-
ural causes. The basin area includes 12 districts (seven
districts in BGR and five in Amhara) region. The study
utilized both primary and secondary data.

Primary data was collection using various survey tech-
niques. These were Key informant interview, focus group
discussion, and field observations. These methods are
briefly described as follows. 30 key persons participated in
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Figure4: Location map of of Beles Sub basin

the interview process that comprises the zonal bureau of
agriculture heads, NRM experts, woreda environmental
protection and land administration heads and cxperts, re-
gional and woreda and NRM expert, representative of
various institutions at woreda and community levels were
identified and interviewed. Two step field visits across
the basin area was observed and asscssed with the help of
photographic images. During this time, infrastructure,
forest resources, landscapes and the ecosystems of the
basin were visited. Specially, the degradation statuses of
the forest resources such as forest cover of bamboo forest,
landscape and basin woodlands and their status. Moreo-
ver, geographic information system (GIS) was used. The
study also gathered secondary data from various govern-
ment reports, unpublished documents, proclamations, and
from governiment and private Medias.

3.4. Methods of Data Analysis

The Normalized Difference Vegetation Index (NDVT)
was used to estimate the trend and magnitude of deforesta-
tion. NDVI is an index of plant “greenness” or photosyn-
thetic activity used to estimate the stafus of deforestation.
The NDVI is commonly used to assess the situation of
green biomass and its inter annual changes to draw con-
clusions about trends in biomass development Gu e al,
(2011). NDVT are based on the observation that different
surfaces reflect different types of light differently. Photo-
synthetically active vegelation, in particular, absorbs most
of the red light that hits it while reflecting much of the
near infrared light. Vegetation that is dead or stressed re-
flects more red lights and less near infrared light. Like-
wise, non-vegetated surfaces have a much more even re-
flectance across the light spectrum. NDVT is calculated op
a per-pixel basis as the normalized difference between the

water 14 (1)

red and near infrared bands from an image:
NIR —RED
NIR +RED

where NIR is the near infrared band value for a cell ang
RED is the red band value for the cell.

NDVI =

The biophysical interpretation of NDVI is the fraction of

absorbed photosynthetically active radiation. Water typi-

cally has an NDVI value less than 0, bare soils values are

between 0 and 0.1 and vegetation values arc over 0.1, The

disadvantage of this approach is that the determination of

whether vegetation degradatic limate or human in-

duced is not indicated. This is .ecause many factors affect

NDVI values like plant photosynthetic activity, total plant

cover, biomass, plant and soil moisture, and plant stress.

Because of this, NDVI is correlated with many ecosystem
attributes that are of interest o rescarchers and managers
(e.g., net primary productivity, canopy cover, bare ground
cover). Although NDVI is affected by soil background,
atmospheric scattering, and is relaiv ely insensitive to high
biomass levels, it provides sufficient stability lo capture
seasonal and inter-annual changes in vegetation SWfUs
(Vrielinge et al, 2002). Because i is a ratio of two bands
NDVI helps compensate for d]fferences both in illumind-

oo o ot st et 85
soirglExits lmnﬂges'due Lhmgs like time of day or i
css ke NDVT niis were acguued, Thus, vege(auon lover
time to look for e¢ T : posmb.lﬂ l,D ORI geld-
tion indjceg like N‘;)‘:EIMlly SETCITE R VC: fo
rangeland aggeqs " however, are not a panace 0
NDVI Went and monitoring. The outpu!

S A ew image file/
ayer.
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ally, the values of NDVI can range from -1.0 to

0, but values less than zero typically do not have any
+l.1' ical meaning, so the range of the index is truncated
CCOUO(});IO +1.0. Higher valucs signify a larger difference
lOl\‘;ecn the red and near infrared and low NDVI valucs
becan here is little difference between the red and NIR
5. This happens when there is little photosynthetic

Theoreic

jonal i i
jf{ivil)‘v or when there is just very little NIR light reflec-
‘mncc (.., water reflects very little NIR light). Although

NDVI is affected by soil ba;kground, aumospheric scatter-
e and is relatively insensitive to high biomass levels, it
providcs sufficient stability to capture scasonal and inter-
jnual changes in vegelation status (Huete et al. 2002).

34, Empirical study on Deforestation using NDVI
Approach

yast numbers of researches related to deforestation have
peen conducted using NDVI approach. For example, Ku-
mar et al., (2013) applied Advanced Very High Resolution
Radiometer (AVHRR) Normalized Difference Vegetation
Index (NDVI) to estimate forest coverage and amount of
deforestation in India. Using time resinous analysis 1981-
2001 period Julien ef al. (2009) has used NDVI to detect
changes in the Iberian land cover in Valencia, Spain. So-
cial and land-use/land-cover change data was modeled to
assess drivers of smallholder deforestation in Belize. The
predicted rate of total deforestation between 1989 and
2004 was found to be 30 percent.

NDVI and rainfall estimates data from the National Oce-
anic and Atmospheric Administration (NOAA) satellites
were used to investigate the spatio-tempotal pattern of
precipitation and the response of vegelation o precipita-
tion in Ethiopia (Getahun, 2008). Land use and land cover
changes that occurred from 1984 to 2009 in the Fincha'a
Sugar Estate, Blue Nile Basin of western Ethiopia, were
estimated using a geographic information system (GIS)
and a remote sensing approach (Getahun et al., 20014).
According to this study the natural forest cover declined
from 17.25 percent in 1984 to 10.16 percent in 2005 and
8.70 percent in 2009. The total natural forest cleared be-
tween 1984 and 2009 amounts to 3186 hector, which was
®quivalent to 50 percent of the forest cover that existed in
1984, The pattern and magnitude of deforestation that oc-
turred from 1972 to 2000 in the south central Rift Valley
of Ethiopia were analyzed using similar techniques
(Gessesse and J. Kleman, 2007). The results show that
Natural forest cover declined from 16 percent in 1972 10
28 percent in 2000, Their estimate indicated that total
Matural forest cleared between 1972 and 2000 amounted to

Watey 14 (1)
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40,324 ha, corresponding to an annual loss of 1440 hector.
Other others such as Getachew ef al, 2011; Yitea ef al.,
2012; Francesco ef al., 2009) have used NDVI to estimate
deforestation, desertification and land use land cover in
various parts of Ethiopia. Hence this paper has also fol-
lowed the same approach,

4. Results and Discussions

This section presents two main findings of NDVI data and
secondary data collected from various sources. The first
section focuses on estimation of deforestation in the study
arca. Then analysis on the driving forces of deforestation
in Beles sub basin followed.

4.1. Land use system in Beles sub basin region

From ficld observation and sccondary data collected from
different sources, land cover of the study area was found
to be 56.37 percent open forest in which the cultivated
land was 26.3 percent, the remaining are closed forest
17.33 percent. The result implied that the land cover of the
region is still predominated by (mainly bamboo) but in a
declining sate. This figure was also cited in most past
studies. For example, qualitative study conducted by Hab-
tamu et al (2012) indicated similar finding. From my field
observation and KIls, economically important tree species
such as incense trec and the lowland bamboo are highly
threatened by human intervention. On the other hand, the
regenerating capacilics of these types of tree species are
generally very low; once removed, it will be difficult to
bring them back. In terms of the types of forest, grassland
was found to be the dominant forest type which covers
about hall of the total forest while state farm are the least
existed in the basin region.

However, compared to other regions, due to poor infra-
structure and little population density, the rate of defor-
estation becomes generally low in tower parts of the basin.
The evidences indicated that population density in the
Guba woreda is quite low. In contrast, there is high forest
cover compared with the highly populated areas of

Alefa and North and South Achefer in the upper parts of
basin area. The indigenous types Wanza /cordia Africans,
yehager-grer/Acacia spp/, Zigba /podocarpus graciolaris/,
Sholla /Ficus sycomorus/, Woira/Olea african/, Zenbaba/
palm Iree, Kerer/Aningeria alfissian, Kerkeha/Bamboo,
Doluma/Syzygium/are being endangered due to charcoal
making and other sources of livelihoods in the basin area,
especially in the lower parts of the basin. Deforestation
and the land degradation have brought losses of different
types of small and big wildlife. Just to mention a few: Hart
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Beast, Bead-Buck, Water-Buck, Bush-Buck, Bush-Duiker,
Wild-pig, Ape, Globes, Fox, Giraffe, Wild cat, Porcupine,
Crocodile, Warthog, Guinness hen, Birds, Warthog, Fish,
Guinean fowls, Hyena, Lion, buffalo, and Monkey live in
the in the region. Since the major parts of the basin forest
resource are cover by bamboo, the following has estimated
the rate of bamboo deforestation.

Table 1: Land use type and area covered by forest (MoWR,
2013)

Land Use Area (Sqkm) | Area
covered (%)

Grassland 6,028.88 49.24

Cultivation 3,571.07 29.17

Shrub land 2,320.05 18.95

Woodland 266.90 2.18

State farms 56.45 0.46

Woreda level NDVI analyses illustrate the amount total
forest areas cleared in the study area. High rate of defor-
estation was observed in South Achefer (69.16 percent)
and the least being in Mandura woreda 21.47 percent. In
terms of total forest area cleared Dangur woreda was
found to be very high, with the total arca of 125, 400 hec-
tors within the six years time period. The data indicates
that the upper parts of the basin areas, which mainly fall in
Ambara region was the most degraded arca as compared to
the lower parts of the basin areas. As indicated, the lower
parts of the basin which covers Benishangul Gumuz re-
gion was covered with dense forest. The high rate of de-
forestation and land degradation could be duc to the high
population pressure in the upper parts of the basin arcas.

4. Drivers of Deforestation and Forest
Degradation

This section critically assesses the main drivers of defor-
estation and subsequent biodiversity loss in the basin are-
as. There are several causes of deforestation in beles basin
area. However, in this study only few causes of deforesta-

tion are reporied.

water 14 (1)

3.2, Estimation of the rate Bamboo Deforestagjq,

in Beles sub basi?
ats the mean annual forest coverage o, d

1boo deforestation (from 2006 1o 201y,
lysis of changes in.bamboo forest coyey.
age between these time periods depicted a general decline
in bamboo forest COVETasE: However, bamboo covergg,
seems 10 IMprove since in the years 2.011 and 2.012_ The
decling in forest coverage was he replica of decline in 1,
calculated values of NDVI. For lhc' first five years the yq).
ue of NDVI and the corresponding bamboo foresy has
sharply declined. Increase in the value of NDVI yp
(0.55) in 2011 and 2012 ycars revealed recovery in bap.
boo fores| coverage in the study arca. The result shows
that in 2006, the pamboo coverage was cstimated 1o be
1,056,187 hector while in the year 2012 it falls to 556, 715
h;clor, indicating 499,472 heclor decline of bamboo fores|
within seven years. Moreover, the data revealed high rage
of bamboo deforestation in the year 2008,

Table 2 represe
patterns for ban
Quanlilative and

and low

Table 2: Estimated annual rate of deforestation in Beles sub

basin (2006-2012) (Downscaled NDV1 data, 2014)

Year | Forest Area (ha) | Amount deforested
(ha)

2006 | 1,056,187 i

2007 | 980,080 (76107

2008 | 887,101 (192979

2009 | 420,044 (467057

2010 | 435,816 oz

2011 | 509,051 (+) 73 635

2012 | 556,715 @66t |
I

4.1 Clearance of forest for cropland expansion

Forest ecosystems often serve two contradictory roles. On
the onc.hand, they offer essential, ecological, social and
economic services and benefits. On the other hand, €¢%”
Systems are considered as reserves, hence taken as oppor
tunities for development through other economic seclors

such as agriculture .
and_ agri- Jugeta P
Bekabil, 2011). gri-investment (Mulug
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Tabl€23cm"ge in forest coverage between (2006 -2012)
[Foreda Change in | Percentage
forest (loss) | change
s 26,849.83 4024
Bulen 39.523.53 27122
Dangla 13.220.04 45.72
Dangur 125.349.55 4914
Dibatie 14,966.90 34.39
Mandura 13,960.48 12.47
s.Achefer 32.816.46 69.16
Pawe 25,246.75 41.44
Jam 47,366.41 52.81
Waombera 70,377 .48 31.84
N.Achefer 12.515.54 32.24
LEI_)E_ 77,275.64 67.52

Similarly, a major concern in the beles basin woredas to-
day is found as the alarming cforestation of natural for-
ests and woodlands for agricultural land expansion. In
fact, from the results of field data, this variable is the most
important direct driver of deforestation in the basin region.
The reason for the high rate of clearance and conversion o
cropland is the fact that the economy of the study arca
largely depend on agriculture, which accounts for 93.2%
of employment for the cconomically active population.
Furthermore, the high rate of migration from different
regions of Ethiopia in search of cropland instigated high
rate of conversion of forest woodlands to croplands.

The zero state basin docunents of BESBO highlighted

that Beles basin is blessed with different natural resources
ild animals). The area occu-

(Forest, water, aquatic, and w
 sites. Its roll-

pies attractive natural beauties and historica
ing mountains, breath taking landscapes, agrecable cli-
mates, endemic wildlife, diverse cultural heritages, hospi-
table people, and artifacts could make (he nation an allur-
ing destination. As per the findings of this study, the most
direct household level consequences of deforestation in
the basin include reduced wild fruits, reduced wood prod-
ucts and reduced wildlife products. HOWever, it is com-
monly argued that fo
ing from time to time (BESBO, 2
cconomically important trees like
highly over-utilized.

012). In consequence,
Etan and Mucha are
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rest area of the basin has been declin-

Figure 2: Etan Tree in Beles Basin Area

4.2. Unregulated forest fire

Firc is being used widely as site clearance technology in
the region. Unbodily, this has been one of the major de-
grading agent in the basin areas. In the area, fire is caused
by several factors that include: i) wild honey hunting; ii)
site clearance for shifiing cultivation and cropland prepa-
ration: iii) road clearance for gum and incense tapping;
defense agains wild animals, and iv) trophy hunting. As
(here is no or weak systematic buming and fire control

mechanism, fires consum huge areas of land including

unintended arcas. Conseqendy, fire has been consuming a
huge areas of natural land every year. On average, 1 per-
cent of ali forests were reported to be significantly affect-
ed cach year by forest fires (FAQ, 2011).

However, the area of forest affected by (ires was severely
underreported, with information missing from the study
arcas. According to the valuable evidence in the study site
local Communities basically ignite fires deliberately in
order to hunt wild animals, to harvest honey, and to collect
wood. Previously, forest areas were also set fire for char-
coal production. Enforcing mechanism to prevent such
problem was challenging even today it is still difficult due
1o the difficulty of identifying who starts a fire. The main
consequences of [ire and the subsequent deforestation
were habilat destruction and decline of water avaiiability.
As it can be seen from the following picture below peopie
intentionally set fire in Dangur woreda affecting the eco-
system and economically important three. Specifically, the
lowland bamboo is one of the highly victimized economic
trees in the basin.

L 106




% S R ST ANPR T

Figure 3: The effect of fire on in Guba and Dangur woredas (own ficld pholo. 2013)

4.3. Unsustainable wood harvest for fuel and
construction

Wood is the main source of energy and construction mate-
rials in BG region. However, the wood harvest for con-
struction, fuel wood, and other sources of energy is ofien
unregulated owing to lack of formnal or informal regulato-
ry system, hence more or less open access harvesting takes
place where housecholds or individuals harvest and use
wood products and materials often extravagantly. Similar
to the effect of fire, the bamboo forest is particularly the
major victim of the unsustainable harvest since it is the
most widely used specics as a construction malterial.

Data obtained from BGR agriculwural and rural develop-
ment office revealed (hat a huge number of woods are
being consumed by wonbera worcda. From the (olal
316,785 wood consumed in metekel zone as the source of
energy, about 68, 353 wood is consumed by 8701 rural
families and 672 urban famiiies per annum. Dibate is the
second largest worked in terms of wood consumption. A
total of 59,831 woods are being consumed annually which
is equivalent to 239472 ha of forest land. Pawi, Dangur,
Bulen and Mangura woredas consume  aboul
56,474woods, 50,831woods, 31,974woods, and Mangura
35,664 woods respectively. Guba district is the least con-
sumer of fuel energy. Only 2,692 rural families and 271
urban families depend on wood as the sources of fuel ener-
gy which is equivalent to 40,5396 ha of fores! coverage.

4.4. Large scale investment

The government report revealed thal in Benishangul-
Gumuz region about 691,984 hectors of agricultural land
has been transferred to the Federal land bank to undertake

water 14 (1)
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Jarge scale agricunural investment. Scme rescarchers i
Ell;iopiﬂ associate the situation with the so called “global
land grabbing” (Dessalegn, 2011). Land erabbing is e
rush for commercial land in Africa and clsewhere by pri-
vate and sovercign investors for the production and export
of foad crops as well as bio-fuels, in which the land deals
involved stand to benefil the mvestors at the expense of
host countries and their populations.

According (o Tscgaye (2013) in BGR a substantial amount
of land has been transferred to domestic and (oreign inves-
tors withoul mapping of existing land uscs. Moreover, his
study identifies that the land wransferring process lacks
genuine participation of local communitics and identifies
that the land transferring process lacks genuine participa-
tion of local communities and authoritics In consequence,
these the dispossession and displacement of communitics
from their villages and destruction of the natural environ-
ment threatened the livelihoods of the Jocal people.

A slm_iy conducted in BGR by Maru (2012) suggests that
there s weak linkage, monitoring and support from feder-
al, reglonal and district levels in relation (o large scale
agricultural in'vestmem activities. Moreover, weak capaci-
:‘zr:srl fe(:?;:ctf investors has accelerated degradation of
" Dé; gnd lhrcalcne.d livelihood security of rural
it ha;; - rng 11.1)' preliminary filed survey in the
opment projectse]n realized that different large-scale devel-
with the view of . ch n undertaken by private investor
er, these larpe. Promoting regional development. HoweV*

ge-scale developmeny projects are perceived as

3 threat by fhe |
OcaI Co L o r-
(armers conflict, finunities and causes of invest?
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Table 7: Total anmual wood consumption by thejr residence in the basin areas of BGR

\_—“__
Rural Urban
— H i Total wood
g Families Families Area (ha)

1
Bulen 4,165 898 287756 31974
Dengur 6.868 1.068 865252 50’831
Dibate 9.413 886 239472 59!874
Guba 2,292 271 405396 13,615
Iandura 5,259 :

! 488 102312 35,664

Paw
Pawe 9.502 1.982 62,796 56,474

' =
Wenbera 8,701 672 734 436 68,353
Subtotal 46,201 6.265 | 2.697.420 316,785 |

Figure 10:

Environmental Effect of Large Scale Investment in Dangur Woreda (Own photo, 2013 )

the local people. A study conducted in BGR by Maru
(2012) suggests that there is weak linkage, monitoring and
support from federal, regional and district levels in rela-
tion to large scale agricultural investment activities, More-
over, weak capacity of domestic investors has accelerated
degradation of forest resources, and threatened livelihood

44. Large scale investment

The government report revealed that in Benishangul-
Gumuz region about 691,984 hectors of agricultural land
has been transferred 1o the Federal land bank (o undertake
large scale agricultural investment. Some researchers in
Ethiopia associate the situation with the so called “ulobal

.

land grabbing” (Dessalegn, 2011). Land grabbing is 1hc_
wush for commercial land in Africa and elsewhere by pri-
vate and sovereign investors for the production and export
offood crops as well as bio-fuels, in which the land deals
involved stand to benefit the investors at the expense of
host countries and their populations.

According to Tsegaye (2013) in BGR a substanlijal alinomu
of lang hag been transferred to domestic and foreign mves-
018 withoy mapping of existing land uses. Morcover, his
udy identifies that the land transferring process lack.s
benuing participation of local communitics and guthon-
ties, T consequence, these the dispossession and dlsplﬂ_cc'
ment of communities from their villages and destruction
of the natural environment (hreatened the livelihoods of

Watey 14 (1)

security of rural community During my preliminary filed
survey in the region it has been realized that difTerent
large-scale development projects have been undertaken by
private investors with the view of promoting regional de-
velopment. However, these large-scalc development pro-

jects are perceived as a (hreat by the local communities
and causes ofinvestor-farmers conflict.

In connection with rich version land and suitable for land
for private and public investment, Massive large scale
investment has been undertaking in the region. During the
discussion with the residents of Dangur woreda large scale
investors are engaged in destructing economically im-
portant tree specics and transport it to Amhara region.
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ion to environmental issues, the i,

5 o pa pasin’s virgin land is anoncd\f:s.

When the local people and kebele leaders request the project OWIer o percent of the
tors often fail 1o do so. Secondary data and some KII revealed that50 P or

Deforested land
1%
Figure 11: Land under different use types

4.5. High population growth

Population growth, although debatable, is one of the root
drivers of degradation under poorer economy that heavily
depends on natural resources extraction for survival. In all
districts of the basin, population is growing due to the
characteristic high fertility rate. One of the reasons for this
is the prevalence of the practice of polygamy. In this re-
gard, projected regional demographic parameters suggest
that even more serious pressure on natural resources is yet
to come (RCS, 1997). The high young population in the
region as well as in the Beles basin may imply a high pres-
sure on the future livelihood of generation. In general, as
population grows, pressure on [orest and other narural
resources also build. Demand for cropland will increase to
feed more mouths, woed demand will increase to provide
more energy and shelter. In general, deforestation has ris-
en as population figures continue their inexorable increase.
These could be attributed to the cutting of trees in the for-
ests for various uses such as firewood, timber production
and clearing for agricultural purposes. These decreases
could be linked to changes in climate change, and the ef-
fects of in-migration and population growth.

4.6. Weak institutions

Leftwich and Sen (2010) indicated that institutions are the
formal and informal ‘rules of the game’ that shape, but do
not determine, human behavior in economic, social and

water 14 (1)

@ Protected forest
= Wet lands

1 Degraded land
@ Deforested land

e Land under investment

““\_Degraded land

political life. They are understood as “sets of rules thy
allow a plurality of persons (o coordinate their behayig
and (o routinely solve typical problems that arise in socig
interaction” (Vanberg, 2001). The regional state does ny
have regional formal institution like forest policy and ac-
companying acts or legal instruments so far. In fact there
is land administration policy but these do not explicitly
look in to the forestry condition of the region.

The land administration policy states that land is govem-
ment property, but when government cculd not quickly
put in place regal instruments and its enfofcing institu-
tions, the resources, as usually the case, fall into the state
of open access resulting over utilization of the resources.

4.7. Lacke of commitment on rehabilitation of
degraded forest lands and tree plantation

Side by side with improving the management of natwdl
forest, rehabilitation of degraded lands through soi! &
water conservation, tree planting, area exclosure and 03¢
relevant techniques is an important action to contribuic ©
improved natural resources management in the regio”
Tree planting, except for fruit trees, is not practiced by _”‘E
community in the region. So far there is little motival’"
from the regiona government to boost their endeavous
rehabilitation ang tree planting, due to the refatively larg
coverage of the landmass by natural vegetation. Howeveh
b)_’ planting trees on degrading lands, further pressur® e
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" patura) yegclalion can significantly be reduced. Therefore, tree planting need to be considered seriously as strategy
‘ cseurc on natural resources basc.

Figurel2: Participatory Forest Management in Amhara Region

5. Recommendation

Based on the findings of collected data and ficld observa-

tions controlling shifting cultivation, regulating large scale i
agricultural investment,  promoting participatory forest

management, controlling forest fire, establish national /

regional protected arcas, focusing on bamboo develop-

ment, provision of alternalive cnergy SOurces such as pow- ’
er saving sloves (o the farmers, improving formal and in- '
formal institutions and control population growth arc sug-
gested for efTective use of the basin resource. 1
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Ethiopia: CFD Based Performance Simulati
Locally Made Cross Flow Hydraulic Turbin¢
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Abstract ; iy
Upgrading traditional watermills is techno-economically viable approach 10 develop Micro h"’d’.’?pj m}“}; (MHP) plan, in
Ethiopia (Tadele.et.al, 2013). n this regard the large cost incurring comporen! R i a . Sl Mechanicy)
_ 8 & s - hvdraulic urbine bej
component specifically the hydraulic turbine. Most commonly in developing countries -/he ) 1% 18 used fo
the development of MHP plants is impulse type cross flow turbine. Simitarly in E””"{’J“? more than 41% of e'?él’f‘gv Seney.
tion cosl from the material procurement share is taken by the lurbine which mainly is imported from /fiffé)ie;-,a that is cg.
pable of generating up 10 60k even though this value is 300% - 5002 miore (han the rated outpul of the installed SyStems
ar their commissioning. Hence ,it become mandatory fo identify the efficiency and cost cor .
between importine and manufocturing cross flow turbine for developing [echno-economically viable and sustainahl,
MHP scheme. In this study analytical design of impulse type cross flow mirbine is done and the performance of this .
bine is virtually predicted by ANSYS-CFX sofiware al different operating conditions. The simulation resull is validated
experimenially using locally fabricated cross-flow turbine. The study resull indicates the geomelric configuration g
efficiency of the locally fabricated cross-flow turbine is in good match with the commercia ly available T-12 cross-fioy
turbine. The simulated and experimentally obiained (nrbine efficiency has a percentage magnitude difference of 14.7%
with the trend lines showing a best fit. Moreover, the locally fabricaicd cross-flow turbines will reduce the cost of energy
generation by al least 15% compared to the imported ones with slight reduction in maximun efficiency from T-12 cross-
Slow turbines. Hence, this study result will assist key siakeholders in the energy seclor of Ethiopia for making techno-

nprontise that is fo be Made

economically feasible small scale hydropower development through promoting local skill and lechnology.

Keywords: Micro Hydro Power, Cross flow turbine, CFD, Efficiency,

village with the household capacity of paying $0.104/kwhi
for lighting service. In this area there is large number of
traditional watermills, of which 76% could be upgrade to
MHP plants with an existing capacity ranging from 6kw -
26kw [3].

1. Introduction

More than 90% of rural houschold energy demand in Ethi-
opia is supplied through utilization of the then ample the
now scarce biomass resource. Simular to other Sub-
Saharan African countries the modern energy supply in
the rural areas is very limited [1]. Being called as the wa-
ter tower of East Africa; Ethiopia contributes 85% of the

Many stakeholders in (he energy sector are working on
development of micro hydro power plants for both me-
chanical and electrical application in few parts of (he

water volume to the Nile. It has economically exploitable
potential of 45GW for large scale hydropower and up (o
100MW for Micro Hydropower in addition to the 600
traditional watermills with a potential to be upgraded [2].

In south western part of Ethiopia, where there is huge
potential of large and small scale hydropower, the house-
hold energy demand is estimated to be 126.24kwh/day/
village with the household capacity of paying $0.104/kwht

for lighting service.

water 14 (1)

CGener at ed

country especially in the south-western parts. In this re-
gard the investment cost s proven (o be the major drav-
back for (he techno-economic feasibility and sustainability
of these schemes. Depending on their level of advapce:
mel‘ll MHP schemes cost 2000 $/kW - 10,000$/kW in
fél(l)g)gla with (he inlemlional value being 10008kW -

AW [4]. The major cost intensive component of ¢

§c11etnes being the electro mechanical component; the
imported T-serjes

1l
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. petail View of T-serics cross flow turbine
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Figure 1: Detail View of T-series cross flow turbins

Cross-flow hydraulic wrbine is gaining populanity in low
bead and small water flow rate establishments, due to i
simple structure and ease of manufacturing. The cross-
Now turbine is composed of two major pans as shown in
figre 1, the runner and the guide vane. The runner is a
circular rotor with side walls to which the blades are fixed
dlong the periphery of the turbine and the guide vanz di-
TeCts water into the runner at a cenain angle of arack [3].
Recenlly, there are few cfforts being made by differen:
organizations 1o locally fabricate the cross-flow turbine of
differeny type. However the performance of these locally
Manufactured cross flow turbines is not well defined 2nd
andardised; hence many stakeholders are still importing
this technology from abroad [3]. In this study the overall
p_crformance of locally made T-12 cross-flow turbine i
Simulated by using ANSYS - CFX setup and the result is
Yilidated through laboratory experimentation. In this re-
81d different methodologies used by different scholars 0

Watey 14(1)
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2. Methodology

2.1. Analytical Design
Physical siie dat= [ 7

et head and 1500
emm pari of Etidopt
enginegring relari

velociny dizgrzm o

ical desigm is made.
Major Equacions Usad In the Amshvsis

a) Turbine Speed (N)

N=51325=H}"%S/ fp
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2nd stage: (3~ 4)

______‘_.-—-—)-.
Iststager () = 2) .‘\"'-&.\f’ >\ Wi
i !
. \A.

Figure 2: Theoretical velocity diagram of 2 stages of cross flow turbine

b) Runner outer diameter (D,)

D,=40x VH"/

N

C) Blade Spacing (1)

t, =0.174=D,

d) Radial rim width (a)
a=0174=%D,

¢) Number of runner blades

n= niD"/tb

f) Runner length

_@=*N
L= /50 H,

g) Water Jet Thickness
t; = 0.29* D,
h) Blade curvature radius

r, = 0.163%D,

water 14 (1)

The result of the analytical work is summarized in a man-
ner that it will describe the input that is used for the virtual
simulation and manufacturing of experimental turbine

runner as indicated in the following table.

Table 1: Summery of the turbines geomeiric dimensions

e ————————— T ————
Gener ated by CantScanner fromintsig.com

Symbol | Description Value

D, Wheel outer diameter 200mm

Di Wheel inner diameter 132mm

I Blade Curve. radius 33mm

L Length of the runner 130mm

§ Blade Central angle 74.5°

d, Runner shaft diameter 35mm

b, Thickness of the blade 2ﬂr
n Number of blades 20

So Nozzle opening 17.4mm

ts Support disk thickness | 3mm

G Blade circumference 42.4m0_j

y
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22 yirtual Performance Simulation

The gcol"C"y in this analysis has two domains: the water
luid Jomain and the runner as immersed solid domain.

s o >

jrhc analysis is a 3D steady state, single phase and frce

qurface flow analysis with assumption of cross flow tur-

bine as an impulse turbine using a k-epsilon turbulence
model. Three boundary conditions were used and the op-
crating conditions that were varied to predict the perfor-

mance are nozzle opening, mass flow rate (kg/s) and run-
ner speed (RPM).

Figure 3: Separate view of the two domains of the gcometry

The geometry is meshed in the triangular mesh type with
mesh grid nodes of 79992 The mesh size and element size
of 8x10°° and 363502 respectively were used. After the
completion of geometry development and meshing a range
of parameters shown in the table 2 were used to perform
the performance simulation on CFX-solver.

Table 2: Operating condition parameters used as in put for
CFX solver

RPM S00 | 700 | 900 | 1100 | 1300

Mass flow rate 25 27 31 33 | 36

Nozzle Openmng | % 23 | Full

In the CFX-setup 10 residual was set for all continuity
ad momentum calculations and six user points were set at
different points in the turbine geometry (o follow the solv-
e for the 1000 iterations. The computational time was
about §8 75hys taking about 47minitus for cach case with

Ccomputational cases being solved. Three Dell-780
“OMputers with RAM size of 2 GB were uscd.

Watey 14 (1)
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2.3. Experimental Validation

Experimental Setup: it includes locally fabricated cross
flow turbine runner, (wo centrifugal pumps for water re-
circulation and frequency regulators for molor control,
water tanker and Infrared tachometer and Prony brake
torque measurement mechanism as shown in Figure 4.

Experimental Procedure:

Flow measurement the simplest method filling bucket
method is applicd and the exact value of the discharge
was oblained using continuity equation

Q =V (water volume m’) /time (sec)

Torque measurement was made using the Prony brake
torque measurement method using the following rela-
tion

Fe=Mg - Fs.
Torque (T) = Fe *Arm length
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Hence, from the result of equation 11 the actual shafl
power that the turbine was able (o produce is calculated
using equation 12 by multiplying ( with the measured
speed of the runner,

Shaﬂ Power ( )
Where, w = (

Pncl) B T* @
o) N

Figure 4: Partial view of the experimental setup in Jimma university mechanical engineering department

3. Result and Discussion

A turbine runner will rotate with a given RPM under the
impact of mass flow rate of (luid. Hence in this analysis
the primary targel is lo virtually investigate the efficiency
with which the locally fabricated runner work in addition
to checking its part load performance; as one of the ad-
vantages of cross flow (urbine is it comfortable operation
during part load conditions.

In this regard the numerical analysis indicated that the
runner operates with an average efficiency of 72% (Fig.5].
The minimuw efficiency at different part load conditions
are 23%, 43.5% and 71.5% for %2 closed, 1/3 closed and
fully open conditions of the guide vane respectively
[Fig.5]. This in turn indicates that it is possible to generate
a minimum of 172 8kwh/day energy which just enough
for the intended use.

The average experimental efficiency of the runner as pre-
sented in Table 3 above is 58.02% with the minimum and
the maximum being 54.7% and 61.6% respectively. Com-
paring this result with the company specification of 70%

water 14 (1)

maximum eclficiency for the imporied T-12 turbine the
experimental result is acceptable.

Morcover, as it is shown in Fig.6 the trained line of the
efficiency curves for the virtual and experimental perfor-
mance tesl are in a good fit. However there is a percentage
magnitude difference of 14.7% between the (wo cases
which resulted due to soflware over estimation of efficien-
cy for rolating domains, (he manufacturing elficiency of
the experimental runner and the effectivencss of the (est
setwp. Finally it was possible (o predici and standardize
the performance of locally manufactured T-12 cross flow
turbine through virwal and physical experimentation and
any T-12 cross flow turbine (hat can perform up to 58%
experimental efficiency is fit for developing techno-

cconomically feasible MHP from upgrading of watermills
in Ethiopia, :
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Efficizncy Vs Turbme speed
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Figure 5: Efficiency of the runner at different mass flow rate and part load
Table 3: Paramelers Mcasured and Calculated During Experimentation
RPM | Torque Actual Theoretical | Efficiency Efficiency | % difference
Power Power (Experiment) | (Simulated) | in Efficiency
362 3.3354 134 245 54.7 70.9 16.3
412 3.3354 149 262 56.9 71.6 14.7
472 3.3354 164 276 59.4 74.3 © | 14.9
511 3.3354 178 289 61.6 753 13.7
562 3.3354 187 325 5.5 71.7 14.1
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tween the virtual and experimental tests of the runner
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4. Conclusions

Small scale hydropower development is (he main focus for
future work of different stakeholders in SSA countrics
working in the water resource and energy developmenl
sector. For instance, World Bank cnergy and environment
strategy indicates its futurc development activity in Africa
will be on small scale hydropower [**]. In this study it
was possible 1o virtually simulate and experimentally vali-
dated the performance of locally made cross flow turbine
which could be used for small scale hydropower devclop-
ment in Ethiopia. Therefore, it is evident that MHP
scheme developed using locally fabricated cross-flow tur-
bine; with maximum efficiency of 61.5% which resulied
in reduction of encrgy generation cost by more thanl5%;
is techno-economically feasible and replicable.
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water pelivery Performance at Metahara Large-Scale Gravity Irrigation Scheme,

Ethiﬂl’ia
Zeleke Agide', Schultz Bart' and Hayde Laszlo"
" UNESCO-IHE Institute for Water Education, Delfi, the Netherlands
!

Abstract

D,‘grih”".‘)” of wnlcr and il.s'. delivery and lhe_ Slow hydrodynamics in manually opcratecf gravily irrigation schemes are
Jfon O plex. The nature of the hydrodynamics and its i'mpact.s' on waler delivery is generally nol clearly understood by
Opyrnff”"" it .s'y-\‘f(_"” managers. Metahara I.argc—scrrrlli-e Scheme in Ethiopia, with a gross gravity-irrigated area of 11,500
g for 18 arcane, is an example of such a seheme. This paper assesses total water supply and demand for the whole Me-

ahard scheme and evaluates the water delivery performance to lateral and sub-lateral offiakes. Adequacy, efficiency, -

iy and dependability were used as indicators based on measured flows at 15 offtakes along a canal of 10 km long.
Results indicare that the average annual irvigation supply is in excess of demand by 24%, accounting for about 37 Mm’
pillon <t pic metres) of unintended water diversion. With increasing completion for water in the basin, both for irriga-
fion and other sectors, this volunie of waler if conld be saved, would have irrigated about 1,400 ha of land. Water delivery

af lertiary levels in was adequate m terms of quantity. There were also insignificant water losses at fertiary levels. Exces- .

sive water diversion to the scheme mainly lost as seepage and drainage to poor quality groundwater and brackish swamps
whose water cannot be reused. We found that in addition to claims of waler shortage, the major problem of water man-
agemen in the scheme is lack of a sound operation rule that can respond fo the system hydrodynamics. This in turn made
he delivery o be inequitable. Optimal water diversion and delivery not only saves water but also reduces the danger of
waterlogging, which has already become a serious problem in Metahara Large-scale Scheme.

Keywords: Metahara Large-Scale Scheme; gravity irrigation; water delivery; performance analysis, performance indica-

fors.

1. Introduction

Operation of large-scale gravily irrigation systems is onc
of the major challenges to irrigation managers and opera-
tors in least developed countrics. The complex hydrody-
mamic behaviour of the conveyance and distribution sys-
lems in these schemes is generally not clearly understood
both by gate operators and system managers (Kumar ef al.,
2002). Manually-operated large scale irrigation schemes
require operational skills and expertise that could cope
with the complex nature of the hydrodynamics that lacks
in many schemes in least developed nations. The conse-
quences of inadequate operation of control structures and
the resulting distorted hydrodynamics is incquitable water
delivery and loss of significant quantity of water as tail
unoff particularly in systems where return flows are not
easily recoverable, Better understanding of the hydraulic
behaviour of conveyance and distribution systems and
€onrol structures would assis! the operation of irrigation
i?::?ﬁs for optimal water distribution and gaining signifi-

aving on off-demand water losscs. Khan and Ghum-
TN (2008) state that better knowledge of the complex

Gener ated by CantScanner fromintsig.com

hydraulics of large-scale irrigation schemes would help
significant gain on water saving.

The objective of this study is to evaluate the water deliv-
cry performance in Metahara Sugar Estate Irrigation
Scheme in Ethiopia at lateral and sub-lateral levels. The
paper also gives an insight on the total water diversion
versus actual ficld demand. There has been no initiative of
irrigation performance assessment in this scheme in the
past. This rescarch is thercfore a useful start for improving
irrigation water management, water use and distribution
within the scheme. Mctahara Sugar Estate Irrigation
Scheme is located in the central-east semi-arid region of
Ethiopia where there is scarcity of surface water resources.
The scheme has a net sugarcane irrigated area of more
than 11,500 ha with exclusively manually operated flow
control systems. However, this study focussed on the part
of the system which irrigates 8,000 ha of land, called the
Main System. The other part of the system is called Aba-
dir, irrigating about 3,500 ha of land. Continuous monitor-
ing of the flow measurement and control structures is
missing in the system and it is blamed for excessive diver-
sion and wastage of imrigation water.
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On the downstream of Metahara Sugar Estate Irrigation
Scheme, there are cascades of irrigation schemes being
supplied from Awash River, and suffering water shortage
particularly during low flows. Currently, there is a vast
expansion of irrigated agriculture in the Awash Basin, and
there is a need for pulting forward more effective opera-
tion rules for water management within the scheme in or-
der to save water and contribute to basin-wide effective
water utilization.

2. Materials and Methods

2.1. Description of the study area

Metahara Sugar Estate Irrigation Scheme

N

uear Estate Irrigation Sch?.me jgf or‘m Of (h
] r:vily jrrigation schcmcs. i EUIIOP}H. 10y
largc-slca'c Ed in 1968, and currently it is a public Schep,
conum'smlone owing sugarcanc in an arca of aboy 11,50
exclusive )‘lf; has (wo parts called Main system ang Aba.
lli‘l. Th(; Sz:paralc intake structures. The main syste, ang
ficld irrigation method is furroy and

cctively. The o : :
reStﬁc1r i< conveyed and distributed in an extensive Networg
wa

of open channels. It is 2 gravity ir,rié.;Tlion syslem and i
operation is totally manual. The cana 'S)‘/slcn? consists of
main canal, branch canals, secondary canals, lateral Canals
and sub-laterals (tertiary canals). The layout of the imiga.
tion system is shown in Figure 1. .‘

Metahara S

C omr=od
bounder

Figure 1. Schematic layout of the canal system considered ang i 61‘& akes
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ulif da
 data arC among basic data required for water and
Cnnmﬂc ‘cléllcd rescarch. In this specific research, cli-
rigat®” ::vcrc required for estimation of evapotranspira-
o \eme water and irrigation demand deter-

Clin®

lllﬂ[c i
fion and hence scl
|

mination. The sugar estate has its own weather station
where daily records of data of rainfall, temperature, wind
speed, relative humidity and sunshine hours data are avail-
able for over 40 years. In this research, monthly values of
(hese data are required as shown in Table I.

__— Jan Feb Mar Apr May Jun Jul Aug Sep

Oct Nov Dec Avg

Wso.z 502 516 292 260 1179 1187 424 233 31

148 160 184 191 191 213 203 198 191 162 141 138 177
308 320 337 342 356 364 331 324 338 13 317 W03 331
50 58 61 58 57 61 62 59
3.6 3.9 30 20 18 21 23 2.6
8.0 7.3 71 84 88 92 93 84

62 60 59 59 55
wind, s 24 26 24 22 22
90 88 80 80

oo
o

14 -

scheme water and irrigation demand/supply assess-

ment

Monthly and annual total water and irrigation demand of
e scheme was assessed using the existing cropping pat-
tern, crop data and climatic data. Irrigation requirement is
(hat part of the water requirement which has to be satisfied
by irrigation. The growing period of sugarcane is normally
one year and planting generally takes place between De-
cember and March. FAO CROPWAT software was used
0 determine the total water and irrigation requirements.
For estimating the irrigation supply, a record of daily irri-
gition flow (supply) is being taken by the estate with the
help of a stage measurement in the head reach of the main
canal at the immediate downstream of the main diversion.
A stage-discharge relation at this location yielded the av-
erage daily and hence monthly irrigation supplies for 5
years (from 2006-2010).

Calibration of flow measurement and control struc-
tures

011.0 of the major reasons for inefficiency and poor water
delivery performance at Metahara Sugar Estate Irrigation
Scheme is mis-calibration of structures and poor irrigation
“aler measurement. There are large numbers of flow
:l‘e:SmI}raekmenl structures all over the scheme; particularly
Wiis € 'pomts., Most of (hese mcasurelrilent st'mcturcs
Waterpl :\nded wu‘h fixed vertical graduations either for
bk arvels or discharge measurements. [n case wa?er

¢ measured, these are related to discharges with

Watey 14(1)
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stage-discharge (Q-H) relations for the structures. Howev-
er, al many of (hese measuring structures, the mcasuring
graduations are cither removed or provide wrong measure-
ments due o lack of maintenance and wear out. Sedimen-
tation and change of canal geometry are the main causes
for inaccurate flow measurements. As a result, the flows
assumed by gate operators significantly deviate from the
actual flows through the structures; which caused excesses
in some parts and shortages in other parts of the scheme.
The flow characteristics of flow control and measuring
structures at offlakes along the main canal of about 10 km
long were monitored by current-metering at various dis-
charges passing. These measurements enabled determina-
tion of the deviation of the actual flows from the assumed
ones and hence recalibration of structures.

Flow measurement (current metering)

Flow measurement is central to water delivery perfor-
mance evaluation and improvement in irrigation systems.
It enables determination of delivery performance indica-
tors, which basically are based on required flows (Qg) and
actual water delivered (Qp). The average actual flows at
different offtakes of lateral/sub-lateral canals along the
canal system of 10 km considered were determined for
three consecutive months during which the river flow is
minimum (January, February, March) for the years 2012
and 2013 using current meters. These flow measurements
were made on daily basis from which the average momhly
flows were determined.
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Th g .
lhee quan:e.d .(dBSIgD) flow in each offtake was based on

en;r €a 1 umigates; it is 200 s for sub-laterals and de-
pends on the number of lertiary units fed for lateral canals.

Water delivery performance indicators

i:s'sgﬁéﬂlbge;sfoﬂuagce .of i{rignlion walc'r d.elivery sys-
of performance ;Ztsse 1w11h decalors‘derclmg the state
i this case lo‘as — performance mdlc_alors are used
il e rE.‘Soumzcss intermal processes; i.e. @e inputs,

: s used and the outputs, which are the
services provided. Clemmens (2006) states that these indi-
Cil.tors are uscful tools for understanding the internal oper-
athnal processcs that affect the water distribution and
delivery; and hence assist to find ways that could enhance
the water delivery. The purpose of these indicators is to
evaluate whether the system delivers water at the required
r'ate at the right place and to assess whether the water de-
livery service is healthy. Adequacy indicator (Ps)
(delivery performance ratio), efficiency indicator (Pg),
equity indicator (Pg) and dependability indicator (Pp) were
the main indicators of internal water delivery performance
used in this study. In this study, these indicators were de-
termined for each offtake as well as for a group of head,
middle and tail offakes. For instance, Unaler al. (2004)
employed these indicators to assess the performance of
water delivery system at tertiary canal level in the Mene-
men irrigation system, Turkey. Kazbekovet al. (2009) and
Tariq ef al.(2004) also applied indicators based daily mon-
itored flows at offtakes to evaluate performance of water
user associations and as a diagnostic tool to operation

gravity canal system.

The following is a brief explanation of the aforementioned
indicators.

Adequacy indicator (Py)

Adequacy is a measure of the ability of a system to reach
targeted deliveries in terms of quantity (Renault and
Wahaj, 2005). For a single point (offlake), it is the ratio of

delivered (Qp) to required (Qr) delivery in terms of flow

rate or volume. Adequacy can however be determined for

an irrigation system as whole or for sub-systems. In this
case, it is aggregated for a service area R averaged over a
period of consideration T. Under this study, adequacy was
calculated for lateral/sub-lateral offtakes along the main
canal for three consecutive months. In order to assess any
variation is adequacy levels, it was determined for head,

middle and tail offtakes.

water 14 (1)

It is given as (Molden and Gates, 1990a):

w35

dequacy indicator over an area R apg (i

ePpisa X
Where Pa dequacy at a point for 5 SPBCEQ:

period T, and pa isana
time.

Efficiency indicalor (Pr)

Efficiency refers to the wale'r .conserv?tion Property ofy,
irrigation systen, i.e., its ability to m@mize Water logg,,
due to oversupply. The ratio of required/delivereq oy
(Qw/Qp) indicates the offtake cfficiency (Rengy) "
Wahaj, 2005). The requircd and delivered flows could e
in flow ratcs or volume of waler over a certain periog of
time. Efficiency was detcrmined for head, middle ang ()
reach offiakes in order to distinguish any variation ang,
justify the reasons for so. It is given as:

s

Where P is efficiency indicator over an area R and time
period T and py is efficiency indicator at a point for a spe-

cific time.

Equity indicator (Pg)

Equity refers (o fairness of water deliveries and reflects
the way the irrigation service is spatially distributed. The
coefficient of variation (CV) of the ratio of delivered o
required flows (Qp/Qy) over a region R and for time peri-
od T indicates the laimcss of the water distribution overa
region and is called equity indicator (Molden and Gaics,
1990b). Equity indicator (Pg), as per the above definition
is given as:

P; =%ZCVR (-g—:)

Where Pg is equity indicator over an area R for a pcfio,d of
T, and CVy is spatial coefficient of variation of the 1%
Quv/Qr over a region R.

Dependability indicator (Pp)

Dependability is an indicator for the degree (0 which #
ter delivery conforms to the prior expectations of use

2
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Jies the achievement of temporal uniformity of the
im

H];isc water delivery over a region R:
1€

Py = %Z Clp (%f)

where Pp is dependability indicator over a time period T
for a region R, and CVr is the temporal coefTicient of vari-

ation of the ratio Qp/Qg over time T.

3. Results and Discussions

Monthly and annual water and irrigation demand

As slated, monthly and annual water demand for the
scheme was determined using FAO CROPWAT Version 8
software. Daily records of metcorological data required

for determination of evapotranspiration were available at
the scheme. However, in this research average monthly
values of the data were sufficient and used. For crop water
requirement, the planting dates were staggered over four
months from January to April. Each planted area covers a
quarter (2,000 ha) of the whole irrigated area of the main
system (8,000 ha); and the water demand was determined

for each cropped area separately, whose sum gives the

annual walter requirement, Annual water demand of the
whole main scheme is given in Table II. Monthly irriga-
tion demand was determined as the net difference between

monthly water demand and effective rainfall as shown in
Table I11.

Table II. Annual water demand for MetaharaSugare Estate Irrigation Scheme

Cropping Planting | Annual water | Cropped | Water demand
category date demand , mm | area, ha volume, Mm’
Sugarcane 1 1-Jan 2,380 2,000 ) 47.6
Sugarcane 2 1-Feb 2,370 2,000 474
Sugarcane 3 1-Mar 2,360 2,000 472
Sugarcane 4 1-Apr 2,330 2,000 46.6
Total annual demand, Mm’ 188.8

Table I1I. Monthly and annual irrigation demand for Metahara Sugar Estate Irrigation Scheme

Item Jm Feb Mar Apr May

hm Ju Aug Sep Oct Nov Dec Total

ER mmmonth 94 287 462 473 218
NIR, mm/day 44 39 4 45 62
NR mmmenth 136 110 123 134 193
Im. req, Ush 051 045 046 052 OT2
Imgatedarea, ba  go00 8000 8000 8000 8000

Q mrs 41 36 37 41 S8
Demand vol,
M 105 88 98 107 154

249 957 962 395 224 31 713 448
8 5 42 58 59 58 49
241 157 132 174 182 175 152 1910
093 059 049 067 068 068 057
8000 8000 8000 8000 8000 8000 8000
74 47 39 54 54 54 45

193 126 106 139 146 140 122 152

Momhly and annual total irrigation supply

R§°0rds of daily and hence monthly irrigation supplies are
€ing taken by the Estate with a stage-discharge relation
®Stablished at the head reach of the main canal. Annual

values of irrigation supplies for 5 years (2006 to 2010)
calculated as a sum of daily, and hence monthly supplies
from the Q-H relation and percent excess/shortage are
shown in Table IV.
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It can be noticed that on average the annual jrrigation sup-
ply exceeds demand by 24%, and this means 37 Mm® of
excess water diversion annually. While there is shorlage in
significant parts of the scheme, excess diversion apparent-
ly means wastage in the conveyance, storage and distribu-
tion systems. The main rainy season in the arca extends
from June to September; however, the rainfall is still very
low 1o meet the waler requirement. While there is excess
diversion at intake during all the other months of the vear,
August and Seplember arc months with field demands
exceeding diversion. The river Mow during (hese months
is sufficiently high; however the managers assume that the
rainfall would meet the demand while it would not.

gation water supply (diversion) iy

average il :
field demand 2long with percent eXCesy

in Figure 2.
supplies and excesses for 5

Monthly -
comparison with
shortage is shownl

Table IV. Annual irrigaton

jve years
Consec:::, y 5006 2007 2008 2005 2010 A
194 178 199 187 189 15

Supply veL., Mm
192
emand vol., M 152
[E)SCQSS,O/’ 28 17 31 23 3-1 24
p4 U3 412 33 372 33

- 80%
25.0 o
70%
\ 60%
20.0 |, ;
/ ‘/ - 50% g"(
L 40% £
§15.0 S : 0% £
< g % 20% ;vsf
E 10.0 Sk N % 10% §
E] b kY ,é g 10% ¥
2 A K K & 5 0% =
= Y KD i fﬁ %
5.0 Dk ég 7 -10%
K 6 Kk B /A 5
M ,g ok : -20%
0.0 ";{.\ ,§ 71 ‘é 74 G‘ 12 - -30%
Jan Feb Mar Apr May Jun Jul Aug Sep’ Oct Nov Dec
655 Supply ¥z Demand —i4— % excess/shortage

Figure 2. Monthly irrigation water supply versus demand at Metahara Sugar Estate Irrigation Scheme

Water delivery equity performance at scheme level

At MetaharaSugar Eslale [rrigation Scheme, misunder-
standing the hydraulic characteristics, and hence misoper-
ation of flow control and measurcment structures are
found to play a significant role for non-optimal water dis-
tribution within a scheme. There is practically no monitor-
ing mechanism that verifies the accuracy of flow measur-
ing structures at offiakes. In this rescarch, current-
metering and stage-discharge relations were employed to
calibrate these structures. Offiake flow measurcments
were then used to evaluate the water delivery performance
under the existing operational scenario adopted by gate
operators. The flow control structures at tertiary offtakes
are either Romijn weirs or sluice gates; while those at sec-
ondary offtakes are sluice gates. It was found out that
there are significant variations between the actual flows

water 14 (1)

through the structures and the flows assumed by operators.
While the actual flows at some offlakes were in excess of
the intended flows, at others they were in short. So, con-
tinuous monitoring and calibration of control structures
was found to be critical for improving the operation and
enhancing the water delivery performance.

The non-uniformity of water distribution in the scheme
was visible both spatially and temporally. To have a first
ipsighl on the degree of non-uniformity of water distriby-
tion within the scheme in general, spatial equity levels of
water deliveries of offlakes were determined for (€
scheme as whole. For this, 10 fertiary (sub-lateral
offtakes were randomly considered from the head, middle
and tail reaches all over the scheme. Actual daily 0%
were monitored over a period of 6months (January-Jun®
2011) at these offlakes (Table V), which were then €O
pared to the intended flow of 200 I/s for cach.
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(ficient of variation (CV) was used as an indi-
gpalid Cospatiz‘l cquity of delivery in the scheme as a
aor O ance, (Tariq ef al,, 2004) applied CV (o
Jhole: For evel of variability of irrigation supplies at
Auate the , 32 minor. For tertiary offtakes, a target CV
Lll"cs,m";mcd practically acceptable in systems with
o[ 10% 15 ﬂ?nmmgcmcnl. Nevertheless, we obtained a CV
odzﬂ\/vailsflms case, which is much more than the target.
1./0

nlly (his gives an insight that the water distribution
ppprrer

among tertiary offlakes over the whole scheme is remarka-
bly non-equitable. It is evident from Table V that the
measured average flows at 8 offtakes are in short of the
intended flows. However, there has been significant
amount of cxcess irrigation water diversion at the source
unlike shortages at offtakes. Apparently, the diverted ex-
cess waler accounts for operational drainage losses within
and at the tail-ends of the distribution systems,

Table V. Measured average flows and deviations at selected tertiary offlakes

Offiake h 2 3 4 5 6 7 8 9 10
Measured average Q (over 159 189 109 200 124 69 . 141 222 101 169
¢ months). I's

Dewiation, U's 41 -11 -91 0 -76  -131 -59 22 -99 -31
% deviation -20.5 -55 455 0 -38 655 -295 11 495 -155

Hydrodynamic characteristics of the canal
system selected

The irigation network considered in (his study consists of
parl of a main canal and secondary canal, from which lat-
eral and sub-lateral (tertiary) canals offlake. Of the total
length of 10 ki, the first 5 km is the main canal of the
system, while the remaining 5 km is part of a secondary
anal. Of a total of 15 offtakes considered, the first 6 are
i the head reach, next S in the middle reach and last 4 in
e tail reach. There is a night storage reservoir in the sys-
tem at a distance of 6 km from the main river intake.
Offiakes from O7 downstream are supplied from this res-
evoir. There is a gated underflow water leFvel regulator
itoflakes, except for B12, BI, RIl and N8. The design of
the system is based on 9 hours of irrigation per day (6AM
‘_3PM), with constant offtake Mows. However, with exten-
e field observations and measurements, we found out
that (he design criteria are not followed in the day (o day
:;’f“l‘fvgi:;nem ?f the irrigal?on systenm. Qfﬁakcs are operat-
e ﬂuc?ud"ly (Fgr opening and cIos:gg). which cguscd
tay T hallpns In water lc4vcls a‘nd discharges during a
Wifory as in ?un? ca}nscd. inefficient water use and non-

Ater distribution in the scheme. Table Vishows

S()me ;
ered ofthe features of the offiakes in the system consid-

T

V}']]:r? ‘;‘;’Ein the SYS}Cln during night hours is minimal.

Sloy Y to :ed carly Iy the mgr_ning‘ the system responds

OfMakes inSSUmC design conditions. As such, the ﬂow§ at
‘Tease gradually and on average tops design

iSQh - L
drpes 3 to 4 hoprs after opening. There occurs signif-
wiler l4 (])

Gener ated by CantScanner fromintsig.com

icant excess flow for 2 to 3 hours on average and starts to
decline once again with depletion of water in the system
and storage reservoirs. During excess flows, irrigators
could not have effective control on the water, causing sig-
nificant ficld and off-farm losses. While as high as 200%
cxcess {lows were observed during a day, as low as only
40% of the design discharges were also observed in the
monitoring process. Lag-time and the unsteady state situa-
tion of the flow control system are the major causes of
these fluctuations. Particularly, the first two offtakes in the
middle reach are located just at the outlet of a reservoir;
and hence an insignificant lag-time. However, the flow
starts to decline significantly 1-2 hours after opening. The
hydrodynamic situations have distinct effects on the
offtakes at the head, middle and tail reaches of the system
in general (Figure 2).

Evaluation of the water delivery performance

The water delivery performance of the system was evalu-
ated based on flows monitored at each offiake. Four indi-
cators of water delivery performance were considered;
namely, adequacy, efficiency, equity and dependability
were considered. The intended flow of sub-lateral canals
is 200 /s, while that of laterals is variable based on the
number of lertiary offtakes it supplies. For each offtake,
the monthly average actual delivered flows for a period of
3 months (January, February, March) were determined
from daily flow measurements by current-metering for the
years 2012 and 2013 (Table VII).
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Table VI. Features of offtakes in the three reaches of the syst€ g —
- : ch
Location  godreact Middle re2 NI RIV
P1 PT

r

S= Sub lateral, U= Under flow, M=Minor, A= Average

7
name 2 Bl 1 5 L1 Ml o 111(3 02 O 0.2 02 08 o8 0
Q@¥) 02 o0 o8 06 02 02 02 %
" s L S S 3 ¥k kg

Type S s & L.- & 5 5 & wu

0] o O 0
Flow type 10 U U u U 0 0 U s G T
WL No No No Yeu Ye Ye Ye Ye ¥e Ne b sYe

s
regulator s s s s i P —
Operational 1h 1h 1h 4h 4h 4h ob ob 1 2 3 4
lag time (h) A TR
Pertubao M M M M M M c C A A M
n level ‘

L= Lateral, 0= Over flow, C= Considerable

S ——-

— e — o —— —
—_————

Figure 2: Average fluctuation of discharges in time at head, middle and tail offtakes

We considered part of the main canal and part of a sec-
ondary canal with a combined length of 10 km. Recent-
ly,with the expansion of new imigation schemes irrigation
in the Awash Basin, there have been an increasing nced
for saving water in existing schemes, of which Metahara
Sugar Estate Irrigation Scheme is one. To this end, the
Awash River Basin Authority is working to achicve a
more effective and integrated water resources manage-

water 14 (1)

—0— Head

—0— Middle
—&— Talil

ment in the basin. Metahara Sugar Estate Irrigation
Sci?emewas blamed for diverting excess water and causing
serious shorlage on the downstream. On the other hand,
there have been claims of water shortage at Metahara Sug
ar Estate Irigation Scheme itself. However, the analys’s

o_n walter diversion-demand confirmed that excess diver
Sion amounts to about 24%,
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But where is the €xcess water diverted lost; in the convey-
ance and distribution or in the field? For this, both spatial
and temporal levels of delivery performance need 1o be
evaluated al the offiakes. The resulls of performance eval-
uation are in the following sections,

Temporal performance indicators

Temporal values of performance indicators were evaluated

for adequacy, eficiency and dependability. The indicators
were

e

assessed for each ofMake and reach-wisc (head, mid-
dle, tail) for the years 2012 and 2013 (Figure 3). The tem-

poral indicators show that the level of adequacy ol water

i enerally adequate at the head and (aj) reagy
delivery 15 tL;h for 2012 and 2013. However, valyeg shoy
offtakes, bol' ery gol inferior at middle offlakes, Whigy
that the de w]aned by the following two factors. Firg,
could ,bc' C’;ituu(c operation of (he night storage feser:
1h§re 151'_‘::‘ Cc,}mscs significant temporal fluctuationg in
z:v(:ire,r \;;;e in the offtaking cnn:lil(Figmlc 4). Second,
the sub-lateral offtakes in the 'mddlf-t reach except gy,
lateral, have overflow struclurcs, while the water leve)
regulators arc underflow. Hence, the ofﬂalfes are hyper.
proportional. This means that any change in Fhe flow ¢
water level in the parent canal generates relatively larger
changes in flow of the offlalcs.

& pA 2012
I pA 2013

1.20
1.00

0.80

0.60

1/T X pa

0.40
0.20

0.00

Offtake

Figure 3. Average temporal point adequacy, pa

Figure 4: Low stage in a parent cana

water 14 (1)

1 behind an offake in the middle reach
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¢ o] average efficiency indicator for each offtake  The temporal coeflicient of variation of water delivery

j n1P9’ Figure 5, in which the level of performance  which indicates the dependability of supply are for 111:;

is show? ::1 'fair' 10 'good" Reach-wise, efficiency levels  years 2012 and 2013 are shown in Figure 6. It is evident

nges 0 ity in each offake in the middle reach, show-  that for both years, the supply was more predictable for
arl Urc is no excess water downstream of thesc  the il reach offiakes than head and middle. Though the

g (hat :]fcﬁciency values in general indicale water losses  dependability is particularly very poor in 2013 at §
5.

: ystem at lateral and sub-lateral (lertiary) levels are offiakes in the head and middle reaches, the monthly fluc-
in be

e, and hence the €xcess diversion is lost in the  tuation in delivery at offlakes is acceptable.
yef h;slénh into drainage within the system, and at the
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Spatial performance indicators

These are spatially-averaged values of indicators of water
delivery performance of all offiakes for different periods
of time. Spatial values of indicators werc cyalualcd for
adequacy, efficiency and equity for threc months of the
years 2012 and 2013 (Figure 7). January, February and
March are the driest months in (he arca with minimum
flow in the Awash River. Adequacy levels are superior for
each month in 2013 and there is insignificant monthly
variation. However, February and March are months with
lower adequacy; still the monthly fluctuation of adequacy
acceplable as per the standard. On the other hand monthly
averaged cfficiency indicators of nearly unity (Figurc 8)
depict that offtakes deliver nearly the water required. This
also means that there is no significant water loss in the
offtakes at lateral and sub-lateral levels.

2012. 1t is evident that there is a Signjﬁcam

ch in
and Mar ity v cls from year 10 year for the g
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Figure 7: Average spatial adequacy, pa
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Figure 8: Average spatial efficiency, pa

The spatial coefficient of variation of water delivery
(Figure 9) shows the degree of spatial equity of water de-
livery to all offtakes in time. The equity levels were 'fair'
for cach month in 2013; while it got 'poor’ for February

water 14 (1)

Figure 9.Average spatial coefficient of variation, CV,

Reach averaged and overall performance indicators

In addition to spatial and temporal indicators of water de-
livery, reach-aggregated indicators cnable (o understand
the water delivery performance betler. Average indicators
of adequacy and efficiency in each reach are given in Fig-
ures 10 and 11. P, for 2013 within cach reach was 'good,
while for 2012, P, got 'poor' for the middle rcach. In both
years. P, value was inferior in the middle reach. Pg values
in each rcach were greater than 0.90, implying that deliv-
cries closely match demands.

‘Overall performance values depiclt the performance of the
whole system averaged over space and time. It indicates
the average water delivery performance of 15 offlakes
over a period of three months for 2012 and 2013 (Table
VIII). Adequacy (P,) values indicate that the water deliv-
ery was 'fair' and 'good' for the years 2012 and 2013 re-
spectively. Efficiency (Py) implics that delivery in cach
reach is 'good' as per (he delivery standard (Molden and
Gates, 1990a). There are claims of water shortage during
low flow in Awash River by the irrigation system manag:
crs of Metahara Sugar Estate Irrigation Scheme. However,
unlike their claims, (he water delivery in terms of quantity
to offtakes at sub-lateral ang lateral levels is quite ade-
quat.c onaverage. The average overall equity (Pg) of deliv-
rcry 1s 'Tair" in cach year. The average dependability (Pp) 18
fair' and 'good" for years 2012 and 2013, indicating saUS°
factory reliability of supply. ’

129

Gener ated by CantScanner fromintsig.com



m2012
m2013

Middle Tail
Reach

Head

m2012
m2013

Head

Middle Tail
Reach

Figure 10: Average reach-wise adequacy indicator, Py
| ;

Figure 11: Average reach-wise efficiency indicator, Py

Table VIII. Average overall values of water delivery performance indicators

-chel

S

Year PA Level PF PE Level PD Level
2012 0.87 Fair 098 Good 21 Fair 20 Farr
2013 096 Good 094 Good 14 Fair 10 Good

4, Conclusions
The existing operation rules for water diversion at the
main intake of Matahara Large-scale Irrigation Scheme is
wased on discharges of 9 to 10 m’/s for irigation hours of
the day (9 hours) and of 5 to 6 m'/s for the remaining 15
off-irigation hours. Durmg the rainy months of August
and September, 1t 18 operated under diversion rates of3to
4 m’/s. However, this operation rules are not adequale and
is not sound in that demand and supply are poorly
matched. The diversionsare below demand in August and
September, during which the supply is cut-off for canal
maintenance, hence causing minor water stresses. How-
ever, Metahara Large-scale Irrigation Scheme is located in
2 semi-arid region and irrigation is required the whole
year. On the other hand, water diversions during 10
months are in excess of demands, accounting for about
24% annual surplus. Significant part of the scheme and the
surounding is dominated by poorly drained heavy soils
with a high risk of shallow eroundwater tables. Located in
the Rift Valley region, the area is also highly vulnerable to
salinization. Excess drainage water from the scheme is
less recovered back for downstream use, because: (i) per-
colates and causes significant risc of saline groundwaler
wnhip the scheme, posing problems of salinity and water-
logging; (ii) resulted in significant swamps and contribut-
¢d to rising water levels of lakes in the vicinity with poor
water quality. Competition for water in the basin for irri-
igr?c“rzn anq other sectors is currently rising with s_igniﬁcanl
e s::j}c in water withdrawals. Surplus water ‘dl_vencd ()
tingh asErlne, if could be saved, could have irrigated as
,400 ha of land on the downstream.

Water 14 (1)
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The average water delivery performance (0 offtakesal ter-
tiary level is in general satisfactory in terms of adequacy
and efficiency, and implics litle percolation losses at field
levels. However, the operation of offtakes was found not
{o be adequate in terms of overall equity. Inequity is di-
rectly related to limited knowledge of canal managers and
operators on the complex hydrodynamic characteristics of
the canals, night storage reservoir and flow control struc-
tures.

Reach wise evaluation showed that offtake water delivery
adequacy was unsatisfactory at middle offtakes as a result
of inappropriate operation of night storage reservoir and
the hyper-proportional nature of offtakes. More than 90%
of unintended diversion to the scheme was lost as seepage
in the conveyance and distribution (main and off-farm
system), into leakage and drainage within the system and
at the system (ail end. Flow monitoring at offtakes has
confirmed that the proportions of the losses at field levels
are less than 10%. The major water losses are: main and
off-farm seepage (25%), drainage and operation within the

scheme (20%) and tail loss (45%), which all do not reach

the ficld. An operation plan for water diversion the main

intake, the reservoir and offtakes, which is field demand-

responsive, based on “continuous flow monitoring at

offiakes instead of operators’ presumptions and with con-

{inuous calibration of control structures is will be required.

To this end, further study on the hydrodynamic analysis

and specific operation plans for structures is required.
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Abstract

e dimensional sleady-s!alre ﬁn_il'c d.ifj;ef:errce grfn.'ndwaler STow moc_ie_:' is used ro.quamify the groundwater fluxes and
'gnabf" (he subsurface hydr?dfx nm?nc's u_1 the Meki river carc.’mzem.by giving en?phasr.r lo the well field that supplies water
ol communify. The a{v‘ea !S_Chamcle:‘tlzed by Quatcmmy volcanic covered with lacustrine, alluvial, talus, and pyroclas-
¢ deposils The model -13 Cahhr'nled using head obsen:a!mlfs Jrom 95 wells. The simulation is made in a one layer uncon-
ined aquifer with spatially variable recharge and hydraulic conductivities under well-defined boundary conditions. The
librated model is used o forecas! groundwater flow pattern, the inferaction of groundwater and surface water, and
aaluate the behavior of the groundwater system under possible future utilization scenarios. A sensitivity analysis con-
Jucted indicales that the model is more sensilive lo decrease in recharge and increase in hydraulic conductivity but less
qnsitive fo increment or decrement of pumpage. The simulation result indicates that the groundwater flows from western
escarpment 10 east directions finally join Lake Ziway. Lakes and rivers play important role in recharging the aquifer. Sim-
ulations made under different possible future utilization scenarios including increase in pumping rate results in substan-
tial regional groundwater level decline, which will lead to the drying of springs, and shallow hand dug wells. It has also
iplications of reversal of flow from contaminated rivers in to productive aquifers close to main river courses, decrease in
recharge caused more inflow from Lakes as well as increase siream flow but decrease drains, and disappearance of Lake
Tuffa results in increased recharge and groundwater outflow through springs. The sensitivity and scenario analysis pro-
vided important information on the data gaps ard the specific sites to be selected for monitoring that may be of great help
Jor ransient model development. This study has laid the foundation for developing detailed predictive groundwater model,
which can be readily used for grounchvater management practices.

Keywords- Central Ethiopian, Meki, Modeling, Modflow, Volcanic aquifer, groundwater management

Nevertheless, if the water resources are not utilized
properly in an integrated planning manner, its sustainabil-
Numerical groundwater flow models are important tools in ity and its support to food security to the country will be-
hydrogcological studies in different parts of the world. ~come endanger. Therefore proper planning of water re-
Groundwater models have played an increasingly im- sources development as well as utilization is very essen-
Pomant role in the evaluation of altemative approaches to  tial.
ground\valcr development and management. In recent
E?:s, ngfgtlt?d\&iz’aler simulation mogcls have rcccived_auen-
Hinines éopld fqr 1.1yd_rogcc‘)log1ca¥ system aflalyms (1].
iy ,IO UZ to limitations in penxgenl dg[a it has b-een
el gy evelop robust three-dimensional transient
an be used as groundwater mana gement tool.

L. Introduction

Groundwater plays significant role in the region and pres-
ently used for almost all town and village water supply of
the sub basin. The integral approach considers both sur-
face and sub-surface water as the major resource of the
region. It is observed that there are a lot of boreholes, shal-
low wells, dug wells, wind pumps and springs over the
ndegg ment has an abundance surface and  region which serve as community water supply.

; €T resources; however, due to climatic change,

Meki ey catch

mduslrialiZation high populati st . Several conventional investigations have been c@ed out
Water available }s d ecr:;)as};n 0:; 'gr 2 l? 'c Zmougf 2 in the area over the last two decades. The mosl_lmpommt
ﬂacoumry like Ethioni g an 11_5 quatity _15 cgra' - groundwater resource assessment has been carried out by
Maip © Ehiopia, where rain fed agriculture is the [2]. General hydrology and hydrogeology of Ziway-Shalla

Sour :
€e of economy and ensures the wellbeing of

i 1 i the
¢ basin and numerical groundwater flow modeling of
People, water resources are essential.

central main Ethiopian rift lake basin have also been

y

.
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a#dressed [3)-[4]. These studies provided initial conceptual
view of the quaternary volcanic aquifer systems, hydraulic
parameters and the movement and occurrence of ground-
water.

Groundwater is pumped by different industries, institu-
tions. Often groundwater abstractions are carried out with-
out the basic understanding of the groundwater recharge,
lateral and vertical extent of aquifers and the available
groundwater reserve. Onc important issuc to be addressed
is the mechanism of groundwater flow, occurrence and
assessing the response of the system to different abstrac-
tion and recharge rates. In this regard groundwater flow
models play important role. This work tries to describe the
movement and occurrence of groundwater using steady-
state groundwater model. Model simulation is made under
different stress scenarios (variable pumping rates) with
distributed model input parameters such as recharge and
hydraulic conductivity.

Site description
The Meki river catchment is located in the central main
Ethiopian rift valley. The total surface area of the catch-

Waestera Escarpscat

Y

: ? 1t is bounded between 7°5 1 (g co.
ggh plateaux of the Gurage hig:lllands such ag ?ebid;
Mountain of the arca range (36 %n.a:s,]) fOnmng &
main recharge arcd. The lowest cleva.uo‘n is to the ri Tlog
around Lake Ziway close to QIc Meki River (1636 mas),
The weslern escarpment or 'lug‘hlan.ds of Gurage Molmlain
comprises highly welded ignimbrites, Wil rhyoliie i
trachyte without visible large faults. The upper Weathere
rock and soils are permeable; llowc.\f:cr, the “"deflying
volcanic sequences arc massive. Butajira-Pedimeny, i,
tanc-Inseno-Kela-Plain, Tora-Koshe-Dugda-Ridge 4
North Eastern arca is characterized by ignimbrite, frayy,.
ing and weathering grade. The study-area- Consists of ro.
cent basalts and highly fractured ignimbriles; and scory
cones along the major faull cast of Butajira, Ziway-Pljy
covers large arca around the Lake Ziway. The lithologicy|
groups found in this arca arc ignimbrites overlain by 3.
custrine sediments such as: clay, diatomite, shale beds and
reworked pumice. Major perennial rivers start from the
western escarpment and drain to the east. The main ones
are the weja, Irinzaf and Mcki rivers draining to the Ziway

Lake.

e £ g S §. 478 A g g S 0

O

e Fault Liney

Main Tralocd of probable
frocture
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Figure 1: Location map of Melki river catchment with A-B schematic section
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1s of thrce ecological zones: hgx_n_id o
e cliﬂ} sub-humid or §emx-and and semiarid o;
dﬁhmm ol Accordinglys hlghlar}d arcas and west 0
il fands categorized under humid to dry sub-humid
Buwjira 15 reas cast of Butajira around Lak; A'baya are
nd e id lands. The rest of the arca which is around
iy 't-lm-n semiarid of arid zone. Rainfall and tempera-
e 4 rca show strong altitudinal variations. The
e aal rainfall varics spatially and ranges from
av'f”gc aﬂm;mjycar in the ril floor to more than 1100
71'5‘ extreme highland arcas. The average annual
mﬂ‘”f:?[ Jmcau (emperature ranges from about 110C in
ﬂ;l:vs;;:‘énds (0 around 26 0C in the rift.

gt CODSIS

1, Methodology :
e study focuses more 0}1 g,roundwalerv flow system anal-
. pather than developing a well calibrated model that
YS‘S’mdﬂy pe used as a management tool. Because the
;T;nablc data docs not allow us 1o establish a robust three
_dimensional transient flow model. However, the model
developed in this study lays the foundation for attaining
yersatile transient three-dimensional flow models that can
play important role for sustainable groundwater manage-
ment including assessment of contaminant transport.
The catchment was modelled using the widely used Unit-
od States Geological Survey groundwater flow model
called MODFLOW, under steady-state conditions. MOD-
FLOW is a modular three-dimensional finite difference
goundwater flow code (6], which simulates saturated
porous media under steady-state and transient conditions.
Groundwater flow models have been used to solve practi-
cal problems in a wide variety of hydrogeological environ-
ments in different parts of the world [7]-[8]-[9]. The
sleady-state groundwater flow is simulated based on the

following governing differential cquation under two-
dimensional aerial view [10].

oh, @ . oh
ﬁ(Tx-‘ Y on -
= aX)ﬁ»(ay T ay)iR 0

" Where, h is hydrau-
' head and R s a sink/source term. T, and T, represent

i Principal components of the transmissivity tensor in
¢Xand y directions respectively.

Wel :

fronlm 1("}:’,S-ancl pumping test data were collected mainly

Fa ePfle\nlmm studies [11] to develop the conceptual hy-
8eological model. The pumping tests were made by

differe - :

i l‘l'fl‘f‘“gﬁmzauons using different methods to estimate
Quier parameters. Both constant discharge and recov-

Watey |4 )

_—-

ery tests were carried out, with very few step-drawdown
tests. The most important methods applied include [12):
[13]. In a few cases [14] method has been applied. The
duration of the constant discharge tests range from 24 to
72 hours, and for recovery tests it ranges from 2 to 12
hours. The estimated transmissivity and hydraulic conduc-
tivity values obtained are quite similar to [3).

The groundwater recharge was taken from previous stud-
ies [11] estimated using a soil-water balance model and
chloride mass balance approach. The recharge estimation
processes accounted all pertinent hydrometerological data,
soil types, slope and land use aspects. Static groundwater
levels were recorded from 95 wells for calibration. Water
levels were measured in limited wells periodically since
the year 2000. A systematic hydrogeological field survey
of strcam courses was made 1o determine the inputs for the
river package such as riverbed hydraulic conductance,
thickness of riverbed sediments, length and width of rivers
at different rcaches. The river bed hydraulic conductance
was adaptled from similar areas in the Ethiopian rift sys-

tem [3). The discharge data of the Meki River (MoWR,

2010) was used to check the aquifer-river relations locally.

Groundwater modeling often involves large geospatial
data scts. A Geographic Information System (GIS) pro-
vides an integrated platform to manage, analyze, and dis-
play spatial data. It also greatly facilitates modeling cfforts
in dala compilation, calibration and presentation. Further-
more, it can be used to generate information for decision
making through spatial overlay and processing of model
simulation results. GIS has also been used to develop the
digital clevation model (DEM) of the catchment which in
turn helped to define the top of the aquifer. The DEM was
derived from the Shuttle Radar Topography Mission
(SRTM) satellite data at a resolution of 90 by 90 meters,
which was later converted to the resolution of the model
grid. For this study onc of the most widely used windows-

based GIS software ArcGIS, surfer 10, global mapper 12
and 3D master is used.

Model calibration

Calibration checks that the simulation is reproducing field
measured heads and flows [10). It involves adjustment and
refinement of parameter structure and values to provide
the best match between measured and simulated hydraulic
heads and flows. Steady-state calibration was made using
static water level observations of 95 wells.
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In the course of calibration adjustments on aquifer thick-
ness, hydraulic conductivity and recharge were made
within reasonable ranges based on field hydrogeological
observations and pumping test data.

Calibration can be achicved in two ways; forward and
inverse problem solutions. In an inverse solution method
one determines values for a given parameter structure and
hydrologic stress using a mathematical technique, such as
nonlinear regression from information about head
distribution [10). This technique is sometimes called
parameler estimation and it finds the set of paramelcr
values that minimize the difference between simulated and
measured quantities such as hydraulic heads and Mows.
The forward problem calibrates paramerers, such as
hydraulic  conductivity and hydrologic stresses, are
specified and the model calculates the head distribution.

ihie [ol’Wal'd solution s used by

method in whic, Hlod(;

In this study,
ventional trial and eror = i

. ; k-
parameters Were adjusted manually i reasonable

Jimits of the existing data and field hydm_gemogical
observations 10 achicve (he best fit. ‘Thc effechvenesS of
calibration is evaluated by compan'ng Measured g, s
with simulated heads for all observaulon wells useq. T
calibration  criteria  were used; visual matching of
simulated contours 1o thosc of ol.)scrvcd contours wyg 5t
and matching simulated hydraulic heads at ‘9() % of e
points (0 within 5 m of the observed hydraulic heads Th
model was assumed calibraled when the fit betweey
obscrved and calibrated heads was within this criteriy and
simulated groundwater contours (Fig. 2). The correlation
coelTicient is the found to be 0.996.

con

Ziwvy

—
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Fit : Linear
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Fig. 2 Scatter plot of simulated and observed groundwater heads in meter

5. Results and Discussions

The steady-state model provided valuable information on
the groundwater balance, the response of the catchment to
different stresses, the groundwater-surface water interac-
tions and flow patterns. It has also shown the specific are-
as to be monilored and additional data gathered in (he
course of future detailed transicnt model development.

water 14 (1)

5.1 Groundwater balance and the role of surface
waters

Groundwater balance refer
inflow and outflow from
In a steady-
flows from

s 1o the quantification of the
part or the entire model domain-
State mode] simulation, inflows into and oul-
Aquifers shoylq be quantified. In this €as¢
groundwater inflow includes gerig] recharge from precipi
tation and flyxeg from riverg and lakes. An outflow in-

cludes the base flow of ivers, well withdravals and Spri%é
discharge.
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dwater balance and effect of each scenario
. (roun!
Ly

7 Inflow Qutflow  Diff B
Water balance : . 3Er ence  Change with respect to the calibrated
sctﬂ"‘ﬁos components (m%/day) (m’/day)  (m'/day) Value (%)
Constant head 08868 262635
prated VIV Wells - 22570
. Drains = 1158
River leakage 151010 664285
Recharge 699698 :
= ‘ Constant head 09203 261798 ' 837 0
enan0 *
e puping® Wells S 3sss -118S 50
de
50w Drains . 1139 19 g
River leakage 153109 655381 8904 1
Recharge 699693 - . : )
— Constant head 106080 240549  -22086 3
CEl n
petised 1EDVEE . Wells - 22570 0 0
Bl Drains . 855 303 ik
River leakage 173487 541396 -122889 18
Recharge 524960 - . R
mtam head 20586 166359 96276 37
iR of Lake Wells ; 22570 0 0
a
, Drains . 1250 02 8
River leakage 150208 683849 19564 3
Recharge 702979 - - -

Table] summarizes the steady-state groundwater balance  areas. The simulated head distribution shows the ground-
of the entire model domain. The simulation was made  water flow from western escarpment (o east directions
under three different scenarios; with the aquifer system finally join Lake Ziway. The groundwater level is general-
response o increased pumpage by 50% (scenario 1), de- ly Mat to gentle slope except at Tora-Koshe-Dugda-Ridge
creased recharge by 25% (scenario 2), and complete dis-  and the Cinder Cone areas. In these areas the groundwater
appearance of Lake Tuffa (scenario 3).The rationale of  contour shows slcep slope probably duc to the nature of
selecting the different scenarios is (0 assess the changes in  the rocks or the fault systems scparating these zones. The
the various water balance components under variable te-  groundwater has a slope of 0.1% at Ziway-Plain; Tora-
charge rates. Changes in climatic conditions from time to  Koshe-Dugda ridge has 1.4%, Kuntane Inseno-Kela-Plain
time affect groundwater resources as a result of changing ~ 0.3% and Cinder-Cone and Basaltic areas have 3.7%.The
recharge rates. Recent studics clearly show large water groundwater level drops from 2000 m.a.s. in Butajira-
resources variability and environmental changes in Ethio-  Crescent to 1800 m.as.lin Kuntane-Inseno area.
Pia dominantly governed by climatic changes [15]. The '
sludy made by the United Nations Food and Agricultural
S;ﬁ?;‘iﬁs(mf("_AO) in East Af'rican countries shows wide B ‘ ‘
] of rainfall in the region over the last hall a cen- Sensilivity analysis was made to undel_-stz.md' [he.llIICCI'lﬂm.'
' ty in the calibrated model caused by limitation in the esti-
mates of aquifer parameters and stresses. Groundwater
52 Groundwater flow pattern models are sensitive 1o .differcm model< input param'e.lcrs.
The moge| e - and paramcters‘ for which the mod:cl is most sensntw;,
Sonably agrees it (1 groupdv’vater head distribution rea-  small chgngés in those parameters will result in large dif-
eConstructeq i lie chmml groundwater contour map  ferences in simulated heads or fluxes.
m“““ﬁtely Paramemml(t;:d v\fellhead measurements. Un-
Outhwest ig scarce r:lak,a ta in the 'west, 'northw_est and
1 ng comparison difficult in these.
Watey 14 m

5.3 Sensitivity analysis
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The response of the calibrated numerical model to changes
in model parameters like hydraulic conductivity and re-
charge was examined. During simulation, the effect of one
parameter was being tested, the other parameters Were
kept to the steady-state calibrated value and cach parame-
ter was changed uniformly over the whole model domain.
The magnitude of changes in hcads or fluxes from (he
calibrated solution was used as a measure of the sensitivi-
ty of the model to that particular parameter.

o

In the model, simulated water levels oo SChsitiy,
to the decrease in the rcchargc_v,a]ucs' m.'ll.nly way fry

40 percent. But it is more scnsmv? 10 the Instegeg 0fhy,
draulic conduclivity valucs, espccnally above 30 Pereey,
Comparcd {0 Techarge and hydraulic conductiviy, (he
modcl is less sensitive to the decrease or incregg, of
pumpage. Model runs have been made by changing the
hydraulic conductivily and recharge by the specifieq Per.
cent and the respective mean absolute error head Change
nt from the calibrated value are shown in Figure 3

in perce
30
o e ll,dfwlicﬂmhﬂl\:)-—
m ———e R hERE
a3 T
26 -
22.6 =
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e
S 20 -
1
-
8
-
15 =
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7.5 ¥ ; ' =
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Change from ¢alibrated value §n pereent

Figure 4: Sensitivity analysis result

6. Conclusion and Recommendations

6.1. Conclusions

Both the conventional field hydrogeological evidences and
model simulations indicate that groundwater converges
towards southeast (Lake Ziway). The comparison made
between the groundwater and topographic contours and
the model sensitivity analysis indicate the dominance of

water 14 (1)

topographically-driven flow system under water table €0
ditions, although limited lithological differences and 1ar&¢
faults form local discrete flows in fractured and weathered
zones. A shallow flow system mainly controlled by steep
lopography and sharp hydraulic contrast between geologic
units is- observed in the western escarpment Of Gurag®
mountainous areas in the foot hills where a number °
small and intermediate discharges springs emerge.
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: pitations and Recommendations
62 1t

. tage the model has provided valuable hydrogeo-
( this flab ation of the catchment. However, the steady
pogical 7 Orl’nnay 1ot be readily used for detailed ground-
mod‘e ,::mcnl purposes owing (o dala limitations on
maﬂizﬂduc(ivuy_ wellheads and aquifer thickness
i in some arcas of the catchment. The overall
¢ results depends on how (hese input paran-
ificd and temporal variations arc treated

late
water
n drauli
mfgnnation
ccuracy of

clers ar¢ quan

ander transient conditions.

The results obtained here should not be ixllcrprcth :}5 a
erfect simulation, rather as sysicm responsc projections
withina fairly realistic model input paramelters. Hence, the
esults should be interpreted and applicd by considering
Jl the limitations and drawbacks associated with the data
gaps. The authors belicve that (his study has laid the foun-
dation for future detailed predictive transient model devel-
opment. However, achicving a well-calibrated transient
groundwater flow model requires filling the data gaps and
collecting multi-temporal data at higher resolution. In this
regard the following recommendations can be forwarded.

Great effort is nceded to develop a 3D dimensional con-
ceptual hydrogeological model. The well lithologic Jogs in
some areas show different volcanic layers representing
different hydraulic characteristics. These issucs have (o be
seen in a detailed manner in the future. The big data gaps
on the hydraulic conductivity have to be filled by collect-
ing more pumping test data. The pumping test data will
also provide data for transient simulation such as specific
yield, storage coefficient, ctc. A fair estimate has been
done on the groundwater recharge, although more refine-
ments can be made in the future, according to the ever
changing land wsc and expansion of the city with in the
;Ts'zh(‘:::;[‘i\:ililcl'l rcduccls lhc. grgund\vnlcr 1:cc11urgc, It is
Bt ror- l:raj q dclermmc‘ distributed lnmlu-tc.mporal .rc-
hydro-cunmiclsfl,em models by acc9uul1ng, all influencing
Wi layers b aclors. Very litlle is known ab?ul the a.q—

ow the depth of 250 meters. It is cssential

lo i
estudy 'tlns system by drilling test wells and using proper
Eeophysical methods,

W&ter 14 (])
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pumping as Sustainable Option for Rural Water Supply System- A
qola¥ wateri n Dolo Odo Woreda of Somali Region
(2% : 1Bogale Gelaye, ' and Negash Wagesho

. —~ 2 .
! Arba Minch University abiboge(@yahoo.com, nwagesho@gmail.com

gtract - ential as energy alternative for sustainable water pumping with respect to commonly used diesel
gl yadiatiol : /};m and electric p pwered options for waler supply in rural community of Somali region is the main focus
i Jrive! punp s); \ /u;ical details such as design governing [actors, waler sotrce, cosi, affordability, willingness to pay,
of 1S sty. 15 nd environmental benefits of the system have been assessed in depth based on the relevant data

o S"’“{i’/{ ;min/cnmu'o and operalion is an imporfant aspecl of the study compared with the existing diesel

i.nstifn!ion
| Lf EHSG 4 : . -
; (hal require escalating fuel cosl. Initial cost, operation and mantenance cosl, photovoltaic panel

qflfhe"ﬂ

‘ cered sysfens ) ) ) = il sl o di }

o ) I power available, comniuntly attituce and acceplance are aiso in estiagted according to the local context
» a ’ ’

wallage ¢

o on Vil . . . .
hased [:,emn'on of the study area. Life cycle cost comparison for different energy source driven punips has been
erey 8¢ g i L 4 : 8 - ; " = .
s 85 by applying Hybrid Optimization Model for Electric Renewables (HOMER) in order fo identify economic
55C85 4 i » e . T N
; sibility of the systens. Statistical equations and SPSS software are also used (o analyze qualitative and quantitative

it} C

nary data gathered. Solar potential studies and NASA data are used to estimate the radiation potential and

Jala. As a result the solar potential and relative advantage with regard (o sustainability of photovoltaic solar pumps in
ural water supply systent 1s investigated against its diesel/petrol counterpart while favoring green energy technology.

', The result of the study shows thal hydraulic load and solar potential of the area are governng Jactors in order fo design

| wlor PV waler pumping system. The hydraulic load and number of panels required to pump waler has linear

| relationship. When the hydraulic load increases the number of panels required for lifting of water increases. With respect
o cost, affordability, willingness lo pay, and environmental view, PV systems are advanlageous over diesel driven
systems. The study used life cycle cost analvsis method for cost comparsion. As result, PV driven systems are economical
than diesel driven systems considering all cost components within the specified life span. Though the investment cost of
PV pumping is higher, thier operation and maintenance cosi is afforadble than diesel driven system. In addtion, operation
and maintenance of diesel generators is not only expensive but also extensive than PV system and some times require a
senior technician during failure. This particular study also show that, diesel driven generafor can produce 5,000-7,000kg
of CO, per anium for 1000-3000m*/d of hydraulic load, which can be avoided by replacing the system with PV systems.
Hence, PV driven system is more sustinable option than diesel counterpart.

L Introduction for energy generation. The solar water-pumping technolo-
Water Hiog ‘ gy is coum?crcm?l}f avmlaple, has-proven recordv of relia-
e ﬁ.,c pL:)ew::lred by photovoltaic (PV) papcls, are b}ht)/, rcqm.re mlmmall skilled manpgwer once in .oPera-
0 irrigate Cl'()p(l a;d? to pump water for domestic usage,  tion, operation and maintenance cost is also very minimal,
b andscape, to catlle, and provide pota-  and affordable.

e water

- .'The_ advantage of using solar energy for pump-
"y Water is that major quant

i g da.y me when the sun i
g this (ime

h i ) Study Area Description
ities of waler are required

s on top of our head, and Dolo Odo woreda located in the Liben Zone of Somali

d hepee the W‘hc PV panels produce maximum cnergy  Region of Ethiopia. The woreda is situated in the angle
stalleq anywh ater quantity, These solar pumps can be  formed by the confluence of the Ganale Dorya River with

Erz:li’ozn::_ner it is.a valley, remotely locat-  the Dawa River and is bordered to the northwest by Filtu,
d are oy o ations which are difficult to reach  on the northeast by Afder Zone, on the southeast by So-
Glion o Sl Cled to national electric grid. The wili-  Malia, and on the south by Kenya. Bekol Mayo, Dolo and
Drovid-mg . Worlzvater Pump in developing countries js  Suitu are the towns found in the woreda. The altitude of

a .
:%le. R Sal;’]@ .Solulmn 0 meet water needs of (he ¢ Woreda ranges from 200 to 1000 mcters above sea
en( by Voiding :. tlrpg, one can also save the environ- level.
T Minimizing {he bumning of fossil fuel

€
d farmg, fOres

‘V&tez 14 )
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Based on the 2007 Censug conducted by the Central
Statistical Agency of Ethiopia (CSA), this woreda has a
total population of 111,511, of which 60,778 are men and
50,733 women. While 37,404 (33.54%) arc urban inhabit-
ants and 33,869 (30.37%) are pastoralists. 95.69% of the
populations were Muslims. According to 2007 Ethiopian
census the population is estimate to be 130,077 with annu-
al growth rate of 2.6% per year. There are 5 relugee
camps housing a total of 185,628 individuals (43,568
HHs) from Somalia, located in Dolo Odo.

According to 2007 Population and Housing Census data of
Ethiopia, 88.6% of housing units in the woreda collect
waler from unprotected sources while only 5.7% housing
units obtain water from protected sources. The remaining

5.7% of housing units are supplied water by tap inside the
house and compound.

2. Objective of the study

The present study is aimed at investigating the cconomi-
cal, technical, institutional, social and environmental via-
bility of solar water pumps with respect to diesel systems
of water supply systems.

The sepcific objectives of the study were:

¢ To assess appropriate solar voltaic panel size to meet

a given pump discharge and head using solar potential
of the study area

¢ To study the cost of solar pumps with respect to fuel

driven generator system pumps for water supply at

different hydraulic load scenarios.

¢ To assess affordability, willingness to pay for the
service, operation & maintenance, and environmental
considerations of the system

3. Methodology

3.1. Data sources and collection methods

For primary data acquisition questionnaire/houschold sur-
vey method was employed to collect information from
selected water users. Technical information was collected
from NGO working on solar water pumping and up-lo-
date information on fuel and lubricant cost is also taken at
Dolo and Addis Ababa. In addition, solar PV pumping
components available in the country market and their cost
is gathered for from different suppliers and sellers in Ad-
dis Ababa.

Ministry of water, irrigation & energy, Intermon Oxfam,
Dolo Odo Woreda water office, Dolo meteorological cen-
ter, Ethiopian Petroleum Enterprise were consulted to col-

water 14 (1)

dary data on background of the study are;

lect secon ter, wind and solar r > V.

supply coverage, WA 5 i I

terunlry region, and in some circumstance of p, st :
country, ’

Uy
arca.
Invadditioll’ site visit was d(?nc at the sl‘u'dy areg
(here are operational nnq :'namtenance crnllcaliu'cs
Taramesa kebele of Shebidino woreda of Sidamg, 20

thrc
dng iJ]
e,

The visit in Taramesa kebele was tu’rgeted in order 10 g
quire better information about working solar py Waley
supply system in view of bcncﬁls. and operations| dray,.
backs. The scheme is undcr.opcratmn and tmplemencg
the project called commu'nny managed rcn?wublc Eiergy
project for rural Ethiopia in 2010 and operationa] (j)| Ny,

3.2. Sampling technique

In order (o assess the affordability, willingness (o Pay, and
opcmlional issues related (o the community, l:ouscho]d
survey was conducted among 120 houscholds in § kebeleg

of the study worcda. From cach kebele around 2 (g M0

households contacted to conduct questionnaire data collg.
tion. The low number of the houschold survey is atiriby.
ed due to the limitation to reach because of disperse scile-
ment of the dwellers. In addition, the movement of house-
hold heads with their cattle and to their ploughing fields
near river sides is oiher reality to fail access to some
households. The questionnaires arc prepared in English
and therefore translztion to Somali Janguage is done with
the help ol local expertise.

Sampling technique used for conducting household survey
is purposive sampling. The sampling technique is sclected
based on the settlement realitics at the study arca. The
kebeles considered for survey are the in between $ to 50
km away from the Dolo town. The remote kebele from the
town for this study is Kole which is 50 km and the clostl
one has a distance about 5 km.

The survey is also considered (he set(iement along the 140
rivers and that is why (wo kebele namely Kilimasenge nd
Helewoyni are from Genale site and two kebeles nameh
Bardale and Holomoge are from Dawa site.

3.3. Analysis of Data

Governing design factors of PV driven systems 100 ‘Vhe'
Purpose of water supply are defined in order © f]u;umf)
design parameters for three different cases aSSUqu i
(bis particular study. The design parameters are quant®

for analysis based on data from secondary sources-

A
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water demand in a houschold is presented in table |
e C

COS[ OE‘ e ip- 3 i ] 1
q (livestock information is based on the household surve
wp k inf ey

eseni-day initial

r .
o '.ti‘"ljf n;:lllecr with esHimates ofyop"d““fon_“l ?zd exiliiaRii
if"‘lﬂs ad fU «1: are cntered 10 H_ybnd Optimization
““vmcﬂ“"cc cos“-: Renc\\"‘blcs (}{oMER) and the outpul  Table | Human and livestock water demand per household
W for Elect? omparisons petween Solar and per day of the study area ((Somali Region Water Sector

Vo for different €

cr pumping: HOMER software uses life
vl g

s of different cases.

8 (hC el ¥ .

iy Arvel =

e d I\LL(C method fof analys! :
.)‘dc cost { '1 cost (0F life-cycle cost) of a component 1§
, ’ [ installing and opcral-

| fie prcs, e of all the costs O
gk r the project lifctime,
iné (at of all the revenues (hat it carns over the pro-
o HOMER calculates the nel present cost of

o lifetin S y
J ‘Mmeonem ol the syslem, and of (he system as a
) €0

 res minus the
e P om oncnt OVE

ol
wlole: _ 4 ‘

collected using key informant interview, physical
Datd

on, and sccondary sources were used (o triangu-
e the pouschold survey and cnabled to know the poten-
l\iﬂ] source and (echnical criticalities of the study area.
pformation obtained as secondary data arc used
ysis results obtained from primary

obstﬂlﬂ‘i

Besides, 1
o reinforce the anal
la collection.

4 Results and Discussions

PV system design consideration

The main factors for deigning selar PV driven pumping
arc hydraulic load, solar potential of the area under inves-
ligatior;, and solar PV technology. Each factor consists of
diferent parameters that have to be defined properly for
betler design.

Hydraulic load

Hvdrauli :

d\.iml{llc load, expressed in m'/d, is the product of total
mi 1 3 3

c:)mm C_pumpmg head and daily water demand of the
unity under consideration.

The i

ﬂmo\j:leoﬂfni::} of sglar PV module depends up on the

Sstems work on} required per ‘_13)'- Solar waler pumping

ter demang i lhey some hours ina day time whereas wa-

4. Water deman;u-m - ERMICHENT in 24 hours of a

SNCTEY peneration n summer is higher where the solar
0 is higher is one of the advantages of this

s tem. Dy; da

ys| 2 : based

Mg of ily water (hter/day or m’/ y) is decided base
Water demand and population

Ag agro-

Pastoralj
Study ralist area, household water demand of the

area inclyg,

Slock ConsUmpu:'s the domestic water demand and live-

ergpe -~ oI;‘ as C.Iaborated in table 2. In addition,
family size, livestock size and rate of

Watez 14(1)
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Review 2009/10- based on ILRI, 1986)

User Average size | Daily Total demand
per demand per household
housshold (Lvd) (liv/d)
Human 6.2 20 124
_Camel 0.74 36 26.64
Donkey 0.62 40 248
Goat 10.4 5 32
| Catlle 549 40 1306
Sheep 239 5 11.95
Total 379

Every rural household of the study area needs 379 liters of
water per day in average for domestic use and livestock

consumption.

Total dynamic head (meters) signifies the effective pres-
sure al which pump must operate. Primarily, it consists of
lotal vertical lift and frictional losses.

Total vertical lift is the sum of drawdown, standing water
level, and elevation. Drawdown is the height by which
ground water level drops due 10 pumping. Standing water
level is the depth below the eround surface 10 ground wa-
ter level when the drawdown is zero. Elevation is the
height difference between the ground and the height at

which water is discharged.

Frictional loss (equivalent meters) is the pressure required
{0 overcome friction in pipes from water pump to the point
of water discharge. Factors affect frictional losses are: size
of pipe, flow rate, type of filtings number of bends, elc.

To seclect appropriate pumnp for a given hydraulic load,
es that are provided by

there are pump performance cury
manufacturers.

Surface water resource in the study area

The study area shares the regional reality with regard to
water scarcity though it is endowed with big perennial

rivers, Genale and Dawa. Settlement patiern of majority of

kebeles in the Dolo Odo woreda is situated close to either
nd Ganale Rivers trafl-

Genale or Dawa rivers. The Dawa a
sect the southern part of Somali region and form the Juba




River afier their confluence at the Somalian border.
Hydrogeology of the study area

The area is covered by gypsiferous alluvial sediments un-
derlain by shally limestone inicrealated with gypsum. Ac-
cording to the geological map of Ethiopia, this unil is
mapped as Uarandab Series, The presence of gypsuni 1S
responsible for the bad quality of groundwaler. According
to hydrogeological investigation by SHACC Consiwiing
(2011) in Rama and Buur Amino kebeles and Suftu (0wD,
the geology of the area consists of thin alluvial sediments,
underlain by alternaion of shale, marl and gypsum of the
Uarandab Series. As result of this formation, the ground
water got bad quality i.c. saline and not fit hnman con-
sumption. The only chance of obtaining fresh water is
close to the river so (o take of river infiltration inte the
groundwater causing salt to e diluted. The maxinum
depth investigated by SHACC consulting is S0m at Rama
kebele close lo the bank of Dawa kebele.

Solar potential of the area

The solar potential of at Dolaw center of Somalia, only 2.5
km away from the study wereda capital Dolo, has got
SkWh/m® to 6.78 kWIvm? of daily solar radiation in hori-
zontal surface. Let’s take (he average value for design
which is equal to 5.76KWh/m’.

To gencrate morc cnergy, ihie PV madule should face
north to south at an angle equals to the latitude of the loca-
tion which ranges between 3°55" (o 4°50° N (googls
carth). Wheu placing PV module angle equals (o latinde
angle the daily solar radiation will incrcase  from
5.76kWh/m*/d to 378k Wi/m*/d. Iniernet source, simulal-
ed by HOMER,, for latitude at which 4° 08" N and longi-
tude at which 42° E display the daily soler radiation of
5 92kWIVm*d. To be more conservative, it is the lower
figure which is equal to 5.7RIW/m*/d is used for this spe-

cific study.
Solar PV technologies

The technology of solar cnergy precominantly focuses on
improving the cfficiency of PV cell. The higher the efli-
ciency will result on the higher generation of energy per
square meler. Mano-crystalline and multi-crystalline sili-
con cells are widely used and available in the local mar-
ket. The efficiency of mono-crystalline silicon PV cell is
slightly higher than multi-crystalline cells.

- Whenever there is need to change DC to AC solar PV
pump, it is necessary to search for the type inverter with
higher possible efficiency. This is useful to maximize the

water 14 (1)

energy converted ¢ AC form.
"

For the case of operation and cc<t eifectivencss of -
supply scheines, itis nq( r.uzccsszn y !O, use b.;ltlerics 10 bagy
up the encrgy- Rather 1t 15 csscm-ml to design - x
lm;k (o balance low supply condition.

In the seclion Lelow three different cases are Particyy,.
ed in order (0 analyze (he relation between hydraylie
head, power pulpul from the solar PV pancl and py pang
nnbeLs required. Furthermore, the cases are essentiq) for
cost analysis in comparison with diesel driven gencragr

sel applications.

ome studics state thal (Omer, 2601) the solar py
asible for the power fess iy,
igate the feasibility in view op

Since §
driven gysten ar¢ 1nore fe

skW. it is cssential 10 invest
lifecvele cost for less than SkW power and greater thy
SkW power.

«al (2001) recommiended that AT pumps are ideal

Argaw e
load equivatent to 1500m"/d. Therefore, this

for hydraulic
study investigates three different cases of bydraulic load,
one less than 1500m*d and the other two greater than
1500m'/d.

Additionally, this study contcmplaies (wo prominent cas-
¢s: power gencration less than 5kW (ie. at 3kW and
4.7kW) and power generation greater than 5kW (i.e. third
case with 7.45kW power).

Assumption

The study assumes the cost of pump for both PV and die-
sel driven system is equal.

For hydraulic load 1200, 1895 #nd 3010m'/d, table 2 sui-
marizes the power generaled and aumber of pancis ©
quired to obtain the energy necded.

e
1D¢1

Finally, relationship between hydraulic head and min
of solar PV panel for the area under investigation is pre-
sented in the figure 1 as shown.

Monthly solar radiation, deferrable load, monthly averigt

temperature, annual interest rate, project life tne.
ment and replacement cost, operation and maintch
cost, lifc time of the component are the major data P
of PV system to run HOMER model.

nvests

ance

a, fucl (vpe
cratof

Jatio®

Instead of solar radiation and temperature dat
and cost, and emissions factor are the inputs of gen
system. As resull, the outputs oblained through si™
of the model include monthly electric and net present -
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Table 2: Summary of the three cases

e—peges
Head assued 60 \5;&
| S 0
HH T :
[ = T ﬁﬁ*—si__ 100 KO‘
Amount of water required (m°/d) 20 37 &
Hydraulic load (m*/d) - 1.200 1 : 60.2
Hydraulic energy (Watt-h/d) i 3270 | 3 15‘38?; \w
ﬂl'»"-rm-e: (waft) 565.74 | ,893-40 521056
Power 1n watt after losses 2,983 m 20
i_equired number of panels 23 \T ]
—e W
. 100
§ ” E ¥y =0.019x + 0.107
= R*=0.99
= 0 E 9 */$
i A
40 ! ,m/
a ; &
“ 20 4 r
:‘_‘_ | :3_.f‘”/
B s -
-~ ; ‘
2:,_’ 0 1000 2000 3000 4000 5000

Hydrauiicload (m4/d)

Figure 1: Number of PV panel required as a funclio

Cost Analysis

Tl:e.sludy largets to define different types of costs that
npeerj (0 be estimated and (he cost comparison between
Glesel driven and  solar PV pumping system using
HOMER mnedel on the basis of lifecycle cost analysis.
The US. National Renewiable Energy Laboratory (NREL)
1}1;: c‘-eycloped a sopiusl?caled simulation program, namecly
‘ mel model, and optmizes the most economic cnergy
;:hmc.es Per specific project inputs.
};e[il:icsflzjc?;’wl,-[gME~R (Hybrid Optimization Model for
——" ﬂmal .es) lS}lSCd o model choices for a pump-
Sk hy(;jcsngncd o pump 1200, 1895, and
e ok thilrchlo.jd_ I.i compares three different
ydraulic load needed;

Case1: o solar array of 3k\W

Srator (e, for
ase 2 .

ECnera(gr (@

against a 6.5 kW diesel gen-
1200m*/d of hydraulic load) :

solar armay of 4.7kw i i
. against a 9 kW diesel
€. for 1895m*/d of hydraulic load)
Watey |4 ()

[ —_

n of hydraulic load

Case 3: A solar array of 7.45 kW against a 15 kW diesel
generator (i.e. for 3010m'/d of hydraulic load)

Fuel cost

Cost of diescl is an important component of life cycle cost
analysis of generator driven pumping system. Cost of pe-
troleum products was three folded between 2006/07 and
2011/12 according (o the retail price in Addis Ababa
(Ethiopian petroleum enterprise, 2013).

HOMER mode! uses fuel curve defined by the manufac-
turer which is based on the generator type and power gen-
eration. Lister Pelter and Daylife generators used for the
cost analysis of three cases. For instance, case 2 used 9
kW Lister Petter generator with fuel consumption of 2.7
and 3.6 liters/hr for 75% and 100% load respectively.

The net present cost of 20years of project life ’for “(;v
generator is 25,260USD and its equivalent 6..5kV\ ’g:?“:] .
tor is 37, 307USD. Therefore, the PV pumping 5}5r 5 -5
economical than diesel driven gencralor pumping e

case.
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The tolal cost is also estimated for pumping systeHns hav-

ing a hydraulic load of 1,000 and 3,000m4/d. The brci}ke‘
ven poinls are approximatcly 2.7 and 6.7 years respective”
ly as shown in Figures 2 and 3. Whenthe hydraulic Joad

40000
35000 -
30000
25000
20000
15000
10000
5000

Net present cost (S)

breakeven point increascs Whigy
and medium range of power generatigy i
V system is economical than diese) diy.

increases the
ans at lower
water pumping P
en generator system

= Generator driven

= PV driven system

0

4 6

g 10 12 14 16 18 20

Project operating life (years)

Figure 2: Breakeven graph for 1,000m"/d hydraulic load of PV and diescl driven pumping systems

The net present cost of 20years of project lile for 7.45kW
generator is 62,772USD and its cquivalent 15kW gencera-
tor is 77, 020USD. Therefore, the PV pumping system 1s
cconomical than diescl driven generator pumping for this
case. For case 3, the system becomes economical starting
from 6.7 years, after breakeven point as shown in Figure
3

It is the initial cost of PV system which is huge amount
that contribute a fear among different water scheme imple-
menting organization for the ignorance of solar driven
system of water supply. However, the study resulls show
that PV systems of water pumping is cconomical than
diesel driven generator set based on lile cycle cost analy-
sis for the three cases under investigation.

80,000

I
]

70,000

Al

60,000
50,000

i

i

 ER

2
Y

22 oy

i
|
1 1
|

40,000

30,000

=PV driven system

20,000

Net present cost (3)

=== (Generator driven

PR NI S S—

10,000

e e e e O 25

-

6 8 10

12 14
Project operating life (years)

16 18 20

Figure 3: Breakeven graph for 3,000m‘/d hydraulic load of PV ang diesel driven pumping syst
g systems

water 14 (1)
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except the increment of break

: €ven point, the poi
which the PV system and diesel system obtain tgzusl;n?l
value and afterwards the PV system is economical o\,e(;

 diesel one, i.c., approximately from 3 years to 7 years

Net present cost (8)

0 “-v
1000 1895

Figure 4: Life cycle costin

Affordability and willingness to pay

Affordability of the PV system
Affordability is defined as the ability to pay. Maost com-

munities do have resources and hence the ability to pay (at
least something) for maintenance; however, the way in
which those resources are mana ged will influence the abil-
ity of communitics t0 ACCESS TESOUrCES when needed.
Affordability of rural water supply systems should mainly
focus on the operation and maintenance of schemes ac-
cording to water resource management policy of the coun-
try. Under the policy, the water supply and sanitation sec-
{or able to insure that rural tariff settings are based on the
objective of recovering operation and maintenance costs.
g/csltl:; llt[::m];v Slyste.m water pumping is the ‘chea‘per
i arlledsem er:/en gen.erator .sc.:t. sytetems in view
o andal: enance if the initial cost 1s cover.ed
or combination of (h ol:nmumty i
The initial or ca iu::l i
considers cost o? eq“f:I:egtf l:i) u‘;’?.ter plumping‘ system
Hansportaion cost. Cost of ,e ounting, installation and
Paules requried  and iIwenqlllprm‘:nt includes cost of
er and other electrical

compo
. “OMmponents such as electric cables etc

Daily cos
t of household to satisfy their water demand =

_“lVHH/day * 0.1Birr/201i = -
18 equivaleny ¢ 56.8513irr/HIrlll/m01 .l?SB]H HH/day which
nin.

€ Cost is aff i
ordable if and only if the household uses

Water 14 )

* |

CGener at ed

Hydraulic load (m4/d)
tlic load

_"___/———"" e
gasa function of the hydrau

3000

ock from others sources such as rivers in their
vicinity. Houschold water demand excluding livestock
consumption as discussed in 3.1.1 is 124 I/HH/day.
Daily cost of household for domestic consumption ex
ing livestock demand is:

— 124livHH/day * 0.1Birr/20lit =
= 18.6Bir/HH/month

waters livest

clud-

0.62Birr/HH/day or

Willingness 1o pay
Willingness to pay (WTP) is not pecessarily directly

linked to poverty but potentially has far greater impact on
service sustainability. There are various definitions of
willingness to pay but the one used most widely states that
"WTP is the maximum amount that an individual states
they are willing to pay for a good or service' (DFID De-

mand Assessment Seminar, December, 1997).

s to pay

Measuring willingnes
of estimating

There are three ways

2004):

e Observing prices that p
markets (e.g. water ven
paying local taxes).

e Observing individual expenditures ©

Jabour etc. o obtain goods e
or to avoid their loss. This method might involve

an assessment of coping strategies and t;:volvz
observations, focus group discussions 20 eve

household surveys.

WTP (Harvey et.al,

for goods in various

cople pay
g from nei ghbours,

ding, buyin

f money, time,
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Plastic jerry can with 20 liter capacity is a major means of
water collection in rural arcas of the woreda under studY-
In addition to visual observation, household survey sa0Ws
that 98% of households use this kind of water collection
materials. 95% of houscholds store water by the same
material, jerry-cans.

Water collecting groups discussion result shows that the
minimum price for 20 liter jerry-can ranges from 20 cents
to 1 birr depending upon the proximity of the source to the
users. According to the survey, 75% of houscholds travel
more than 1.5 km distance (o collect water for their do-
mestic use: however, the remaining 25% travel 0.5 (0
1.5km to collect water from either unprotected or protect-
ed sources.

Asking direct]y the households zbout their willingness (0
pay showed that 2¢.7% are willing to pay 10-20birt/
monith, if the service is delivered at their vicinity. 41.7%
of the households are willing to pay more than 20bin/
monih for the service. The remaining fraction of house-
holds showed their interest to pay 5-10bin/month.

Environmental benefits of solar driven water pumping
system

Apart from the noise generated by diesel generators differ-
ent gases are produced and creaic environmental 1mpact
through "greenhouse effect” to contribute global warmning.
Different poltutants such as carbon dioxide (CO), Carbon
mouoxide (COj. Nitrogen oxides (NO,), Sulfur dioxide
(SO,), unburned hydrocarbons, and particulale matler are
cmitted to the envirenment duc o use ol diescl driven
generators.

PV driven systems do not produce any “greenhouse gases”
as result the energy produced is clean to the environment.
Emission of gases will be there during manufacturing and
installation of the system.

Emission factors of different gascs fron: dicsel

The values shown below arc derived from Climate Regis-
try Default Emission Factors, 2013. The figures presented
show case of Canada and United states where (here is a
measurement of different emissions from  different

sources.

1. Canadian Default Factors for Calculating CO, Ems-
sions from Combustion of Diesel is:CO; Emission
Factor (Per Unit Mass or Volume) = 2689.63 g CO, /
L

2. Canadian Default Factors for Calculating CH; and
N,O Emissions from Combustion of Diesel is:

CH, Emission Factor (Per Unit Mass or Volume)

=(0.133gCH,/L
N,O Emission Factor (Per Unit Mass or Vol-

water 14 (1)

ume) = 04 gN:O /L

u.S Default Factors for Catculating CO, EmiSSiOns
e as 0il S -
fromchga\gn% «ion Faclor (Per Unit Mass or Volum
=11 09 kg €O,/ gallon =2929.67 CO, /1 ?

i ipment
\struction equipt .
4, Some €Ol Factor (Per Unit Mass or Volune) .

mission :
CH,E on = 0.153 g Cy4 / L NyO Eppg

. all 3
058 g CHi / gd'l Volu _ Slog
o (per Unil Mass or VO ume) = 026 g N
Factor (P¢ 5 N,0/L 0/

gallon = 0.06

OMER default values o
> CO, Emission Factor (Per Unif Mass or vOlUﬂ]g)

=2630 2 CO; 1.
CO Ejmission Fac
=65gCO/ L

tar (Per Unit Mass or Volume)

99% of fuel carbon destination jg

In gencral more than
CO,. CO, is the second next o water vapor to coniribue
o "greenhouse effect”. Disasters throughout the worlg

related to fooding and  desertification are due o

greenliouse gases.

The "wrcenhouse effect” often gets a bad rap because of iis

association with global warming, but the wuth is we

conldn't live without it. Without it, scientists estimate that
the average temperature on Earth would be colder by
approximately 30 degrees Celsius (34 degrees Fahrenheir),
far 100 cold to sustain our current ecosystem. The
problems begin when human  activities distort and
accelerate the natural process by
creating more greenhouse gases in the amosphere than are

necessary Lo warm the planet to an ideal (emperature.

For this study, the amount of carbon di oxide generated

from case 1, 6.5kW generator, and case 3, 9kW generalor,
is about 5,252 kgfyr and 7,04 1kg/yr respectively. So. usé
of solar driven pumping systein will reduce considerably

the risk of environmental pollution.

4. Conclusions |
¥ V driven pumping system needs higher investient cost |
at Initial phase than diesel driven systems. AS result, P&
ple opt for the motorized diesel systems only ia view 0
the initial cost. However, it is very crucial to compare L
tWo counterparts on the basis of their life cycle €0st “@’
out neglecting environmental component cost. EV¥! u
creasmg fuel cost and declining PV systems cost PEf il
A5¢ Is another driving force that solar driven syStem® et
major er}ergy sources of fisture world. .
Solar dI.'Wen water pumping system is more econonﬁcﬂ.l in
comparison (o djesel driven system at small t medlunl
ranges of power generation, ’

Gener ated by CantScanner fromintsig.com



- e
atal pollution s a concern 0Ve th
o . land, and water

afier or dur-
; d gases, and genera-

misst : :
matter which ar¢ hazardous and chse

ent. Hence, dissemina-

ion {0 our enviroiim j .
ouse effect sources like solar is a

‘ encrgy e
f rcnewablc c } o
. and US® 0 up with {he challenge since the conut

. of pollutant from thes¢ leclmologie§ is negligible.
pution © P {0 NOis¢ pollution {o the cn\ﬂronmem,-solar
with respec , is silent and doges not create any noise 10
i teCh.nOlzi’zm antageous than diesel
» cnvirol

?;‘lvzs\molorizcd water pumpmg ‘_c,c
Hydraulic load and solar potem'ml
sﬁldy are decisive factors to design .301 g

stems. Hydraulic load consists 0!

ing SY ) . T T
aramelers total dynamic pumping head and daily watel
datl 3

demand. Total dynamic nead is dependent upon the simla-
fion of source topography. and pipe material characleris-
tic. length, and pumber of bends and junctions while water
demand is contingent upon per capila consumption and
qumber of USErs. Solar potential of the study arca can be
optimized by selecting appropriale technologies available
such as PV module and PV tracking technologies.

er sources in the study arca Is

and {herelore adv.
heme.

of the area under the
ar PV water pump-
{wo important

The uwjor problem of wat
salinity as d result of gco!ogical formations. The geology
of the arca consists of alluvial sediments, underlain by
cither alternation shale or gypsum of the Uarandab Series.
The on'y chance of obtaining fresh waler is close to the
river so as Lo take of river infiltration into the groundwater
causing salt to be diluted. So, it is advantageous for the
solar driven pumps to il more water since the {otal head
of pumping is uot as high as bore holes or wells.
Th\l other merit of use of solar energy for water pumping
I:tha{ ;olzu‘ energy increases when water demand increast
cold seasons ‘ngs at Edsons than they consume during
water ag resu-hol'inc:croe;lxsedbseoll?lmced o P\“ﬂpiﬂg e
For small 1o medium water f CUC'TB)’ gene_mlmn.
driven water pumping SySlemp}um)m_g chm.remenls, i
is more sustainable option

in terms of i
. i
Sel driven conomic, .envu'onmemal, and equity than die-
water pumping system.

Water |4 1))

T —
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Abstract

The lack of irrigation waler management fechniques are a serious ob.
in Kobo Girana valley. A new irrigation method for maize production )

efficiency (WUE). A field experiment was conducted in area of kobo
as applied 10 furrows using siphon from furrow head ditch lineg With

seculive years (2011 and 2012). Irrigation waler w

geo-membrane plastic, inflow rate of 0.17l/sec. Totally nine frealments
three furrow type (alternate furrow irrigation (AF1), fixed furrow
(CF1)) and three irrigation amounts (40, 30 and 20 mm). The frequency of irrigation ¥
observed thal most of yield and yield parameters were significant diffe

showed an interaction effects on almost all paramelers excepl biomass

was observed in the treatmen! combination

effects. Maximum grain yield 3.32 tha'

. . . > ¢ _J
productivity of 0. 64kg‘m" . However, 3.17 tha™ optimun grain yield and 1 23 kgmw
to AFI and 40mm depth of application. Compared to other metho
waler productivily for scarce waler resource utilizations. Alternate furrow

es the labor required o carry oul the irrigation compare 1o conventional type. Labor sa

stacles for the expansion of irrigation infm.s‘ln.vcmrt
d
alley and the experiment was carried ouf for 3 ., "

were arranged in factorial RCBD desigy ot
irvigation (FFI) i comventional Jurrow "rigaton
vas fixed at 7 days inferval j Wag
venl. Both irrigation waler levels and furrow Ipes
yield which not showed significant interacyiy,
of CFI-40mm and lowest vy,
ater productivily was recorded dy,
Js alternate furrow irrigation technique could increqse
irrigation could save 5074 of water and redu-

vings and improved flexibility iy

farm irrigation management are also expected fo be achieved using AFI.

Keywords: Crop waler requirement, waler use efficiency,

1. Introduction

Efficient waler use has become an importanl issuc in re-
cent years because the lack of available waler resources in
some arcas is increasingly becoming a scrious problem.
Agronomic measurcs such as varying tillage practices,
mulching and anti-transparent can reduce the demand for
irrigation water and improve irigation waler use cfficicn-
cy (IWUE). Development of novel water saving irrigation
techniques represents another option for increase water
use efficiency. During the last two decades, watcr-saving
irrigation techniques such as deficit irrigation (DI) and
partial root zonc drying (PRD) or allernative irrigation
(Al) have been developed and tested for field crops and
fruit trees. Most recently, these irrigation techniques are

being tested also in vegetable crops such as tomatoes

(Zegbe-Domingucz, 2003).

water 14 (1)

irrigation method and alternate furrow

' Idcally, WUE should be improved by reduced leal transpi-

ration. Stomata control the door of plant gas exchange and
ranspiration watcr loss. Recent investigations have shown
that stomata may dircctly respond to the availability of
water in the soil such that they may reduce their opening
according to (he amount of water available in the soil. The
advantage of such regulation is that plant may delay the
onset of an injurious leaf water deficit and enhance i
chance of survival under unpredictable rainfall conditions.
More recent evidence has shown that such a feed forward
slomatal regulation process works through a chemict
signal. The increased concentration of abscises acid
(ABA), in the xylem flow soil can produce large amou’
of ABA while the rest of the root system in wel soil may
function normally (o keep the plant hydrated (zhang and
and devise 1987). The result of such a response is that ¢
plant may have a reduced stomatal opening i the absen™
of a visible leaf water deficit.
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<zl

d Mulliner (1972) reported thal z\llgrnnte fur-
.o in cash crops offer and opportunity for re-
iR ¢ and increased WUE. Altemate furrow
d"CCd.wmcr. y ru(cliccd for a number of crops such as
e W‘:S psoybcnn and corn to conscrve water. AFI
; ﬂ\,,z;-c leaf water deficit, which dc:\-‘clops_ i the
G ioation is drastically reduced. It 1s well
MR l”ﬂét wih and shoot elongation arc inhibited
o and turgor is reduced as

Fischbach ai

polato, lom

known that leal .
when shoot water deficit develops

4 result (Bradford and Hsiao, 1982).

The hypothesis behind irrigating alternate furrows is that:

[n altemate furrow irrigation less surface water is
ke
welted and less evaporation from the surface occurs.

1.

More lateral roots are stimulated and a chemical sig-
nal is produced in drying roots to reducc the shoot
waler loss.

(5]

Amount of water needed (i.e. Irrigation waler use),
time and labor requircment for irrigation 1s decreasced,

=l

4. Waler use efficiency (WUE) will be nearly doubled
by using this method.

But there were not yet any researches in the region specil-
ically in the study arca regarding different furrow rriga-
tion methods for betler yield of maize while utilizing wa-
ter resources cfficiently. Thus, this study was initiated 10
evaluate cfficiencies of different alternate furrow irriga-

tion and amount of water on water productivity and yield
of maize.

2. Material and Methodology Useq
2.1. Description of Study Area

The experiment was conducied in Kobo irriga

; , / tion research
station which is loc;

ied at about 50 kilometres from
Woldia town to the North-Eas( direction in Kobo Woreda
on main road from Addiss Abeba 1o Mckele and simalcc;
al 208" N (latitude), at 3928" E longitudes and at an
altitude of 1470 m mean above sex level. The 15 years
mean annual rainfall is about 630 mm and average daily
reference Cvapo-transpiration rate of 5.94 mm. The soil
type in the experimental site js stlty clay loam with aver-
age FC and PWP of 17.57% and 12.3% on volume basis
accordingly. The site is characterized by average infiltra-
ton rate of 8 mm/hr and pH value of 7.8.

2.2. Experimental Methodology Used

The design of the experiment was Factorial-RCBD with
three replications. Totally nine treatments were composed
from three furrow methods; Aliernate furrow irrigation
(AFD), Fixed furrow irmigation (FF1) & conventional fur-
row irrigation (CFD) and three Irrigation amounts; 20, 30,
and 40 mm. Irrigation application depth was determined
through using CROPWAT version 8 soft ware program.
The experiment was conducted for two consecutive years
of 2011 and 2012. AFI means that one of the two ncigh-
boring furrows was alternately irrigated during consecu-
tive watering. FFI means that irrigation was fixed to one
of the two neighboring furrows while CFI was the con-
ventional way where every [urrow was irrigated during
cach watering.

Table 1: Seasonal irigation water requirements of cach treatment
Treatments | Fumrow type Application Seasonal Imigation
Depth Water Requirement
— (mm) (mm)
— e 40 560
e 30 420
N 20 280
. . FFI 40 280
R Y FFI 30 210
e 220 ] FFI 20 140
— | Tam ] 40 286
—— | am 30 210
—2 | & 20 140
i |

Water |4 (n

e
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Maize (zea maize) of variety ‘katumani’ was planted in
experimental plot size ef 3 mx 6 m and spacing between
plants and rows were 30 cm and 75 cm consequently- In
the experimenta) scasons maizc planted at 1" week of Feb-
ruary and harvested on nid of May with the length of
growing period 90-100days. The frequency of irmgation
was fixed as 7 days interval, hence all plots imgated 14
times throughout the growing season. Jrrigation walcr was
applied to furrows using siphon (rom furrow head ditch
lined with geo-membrane plastic, inflow ratc of 0.17V/scc.
Prior to planting all plots was imgated with equal amount
of water up to the ficld capacity lo initiate germination.
Agronanic parameters grain yield, dry biomass yicld,
plant height and water productivity was recorded, Finally
the collected data subjecied to Genstat 13" Edition for
analysis.

3. Results and Discussions

From ANNOVA Table 2. it was obscrved (hat most of
yield and yicld parameters showed significant difference

(a<0.01). Both imigation walter levels and furrow types

Table 2: ANNOVA

ant interaction cifecis on measured gop,.
nomtic paramelers exeep! for dry i:}“i'“"f"sl )’iCFd.

[n all furrow irrigation methods 32 gram yicld prodyeeg
showed an increasing trend when (he amoun of water
qdded increased. Similarly SCSIIIIIOI_CSIHI.\N et al. (2005
d water sress reduced sced yield i fox(ail mille(
gation the plant height wag .

had a signific

reporle e
In alternative furrow 1l
creased with increased the amount of waier added jn by,
vears. Even though treatment combination of CFl-40ny,
;g:wc maximum grain yicld 3.310 Cha, optinmnm erain
;ricld 3.17 tha" obtained due to AFT-A0mm. Additiony|ly
alternate furrow gave the highest plant height but didn'
showed 4 significant difTerence in cach irrigation level, T
take advantage of this type of plant response, Kang ci g
(1997) suggested that irrigation might be designed so (hy
part of Lhe rool sysiem is exposed 1o drying soil while (he
test is in wel soil. Such a design could lead (o reduced
stomatal opening without leal waier deficit. Fixed furrow
irrigation, fixed some lurrows for irmigation, while adj-
cent furrows were not irrigated for the whole season. The-
se technigues are a trade-ofT: a lower yicld,

Table 3: Effects of furrow type and irrigation lev

g i 1777 ‘
. L Desgree af s ; _ Mean Square |
Source of variation . Grawn yield | Biomass | Plant height Water |
- (ton/ha) | (ton/ha) (cm) productivity ‘
.ji;g*::f‘-_i
Replication 2 0.02363 3837 554 0.00387 |
Year 1 C.a0104 28.16 36.63 | CJUUUOJ'-;!
Py > 0.0685 | 3629 105.16 0.001677
{ : v ) QaAyaAFe=x g - - -
Irngation level 2 ?A:'—..}w? 39.15% 580,06~ 0.014136°
Types of flceow 2 4352837 | 168157 330.76° T 405746""
Irnigatien Level/furrow x| 0.2958%+ 1149 Ht;l(‘j‘" e AP
ot il 68 0.025753"*
Zst 10 001147 | 3823 4127 0.002172

vel on agronamic paramelers and water productivity

Furrow rype Plant height Grain yi
) g ) < yie L=
With Irmganion levels {cm) (t—h;]}ld i prodgcnwrj,r
3 cem-*
AFI-20 186 4a 1.496fF ? H-J
AFI30 181 1ab 2.395¢ 1'1633(:
AFI-40 .29
. 179 1ab 3.174p ‘Oln
CFI-20 172 9bc 1849¢ b
CFI-30 172.9bc "'.503 ik
CFI-40 169 5¢ "‘“%3765—__ 0.6743gh
FFI-20 168 7¢ i 0.6449h
FFI-30 167 9¢d ‘—j‘—gg_fgﬂ__h 0.94754
FFI-40 160.3d : 0.8564
= S N 2.058d :
CV (%) 7.7 s 0.8005F
1LSD(0.05) 7.496%* | o5 | 5
2233 3+ 4
Mean 173.19 3 l;i 0.05439*=
e _‘ﬁ—'__—‘—_.____*‘—
water 14 (1) 0.93
093 ]
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ther jrrigation methods alternate irrigation
] " ths gave the highest water

irrigation dep ~pl
. Water productivily of 1.23kg.m™ Wis ‘ob-
’ Jiemate furrow irrigation with 40mm irmga-

lication. Low irigation levels also signifi-
tal dry biomass yield. Conventional
duced maximum dry biomass yield.

Compl‘AIC
with dif ferent

coductivit
ained duc 10 a
{ion waler app
cantly reduced (he (0
jrrization method pro
onventional walering or watering fixed
alternate irrigation reduced waler
| a total biomass reduction of
The two years

compared 10 ¢
parts of {he root system
50% wil

consumplion by
t of 9% consequently.

10% and incremen

Table 4: Mean ¢

ffects of furrow types and irrigation le

d :
o o L e AP s v e

. it grain yield as that of con-
ventional irrigation with high irrigation amount. Finall
the conclusion is that the AFI system can subétzmu'ally
save water. Generally results show that aliernative d:ying
of part of the root system is better than the drying of fixed
part of the root zone. Allernate furrow irrigation usually
requires a maximum amount of irrigation due to large wet-
ted fronts. However, this is dependent on the soil infiltra-
tion characteristic and the amount of lateral soil-water
movement.

vels on dry biomass yicld

m Dry biomass Furrow Dry biomass yield
yield (t.ha") types (tha™)
100% 8 14a CCF = 942
75% 6.94b ATI 7.16b
50% 6.55¢ FFI 6.53¢ B
(Y 10.0 CcvV 10.0
Lsd 0.5036 Lsd 0.5036

4, Conclusions and Recommendations

e In the case of kobo Girrana valley soil and envi-
ronmental characteristics might be highly affect-
ing the method of application. Hence AFI may be
a useful practice to reduce the time taken (0 irri-
gate the whole farm systems; using full supply of
CROPWAT generated application depth of
40mm (100%).

¢ The result showed that alternative drying of part
of the root system is belter than the drying of
fixed part of the root zone. .

+  Alternate furrow irrigation can save 50% of wa-
@er'anc_i reduces the labor required (o carry out the
irrigalion compare (o conventional lypé_ Labor
savings and improved flexibility in farm irriga-
Uon management are also expecled 1o t7be
achieved using AFL.

¢ Cr_oli waler us.c efficiency will be increased by
Eslisﬂ:ndA:rlhﬂizg :;aty result‘ i_n substantial bene-

er conditions.
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