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Foreword from the editor

Water is the most important natural resource upon which all life on carth depend. It plays a pivotal rolc in health,
cconomy, energy, food production , and environmental sustainability etc. However, its availability in the required
quantity and quality is increasingly threatening the development endeavours of humankind. With increasing
population, demand for good quality water also increases and the available water per capital will decrease. 1t is
also widely recognized that the available water must be shared not only by humans but also by terrestrial ccosys-
tem.

The four Dublin Principles state that, firstly, freshwater is a finite and vulnerable resource, essential to sustain life,
development and the environment; secondly, water development and management should be based on a participa-
tory approach, involving users, planners and policy makers at all levels; thirdly, women play a central part in the
provision, management and safeguarding of water; and fourthly, water has an cconomic value in all its competing
uses, and should be recognized as an economic good. These principles have got universal support from the interna-
tional community as the foundations of integrated water resources management, a process which promotes (he
coordinated development and management of water, land and related resources in order o maximise the resultant
economic and social welfare in an equitable manner without compromising the sustainability of vital ccosystems.

Sustainable development is an organizing principle for human life on this planct with scarce resources. It envisages

a desirable future state for human societies in which living condition” and resource-use meet human needs withou!
undermining the sustainability of natural systems and the envirenment, so that future generations may also have
their needs met. In Ethiopia, the recognition of water as a mean of sustaining agricultural production (ivrigation;
and generation of energy to enhance economic growth is increasinaly developing. Consequently several projects
have been implemented during the last few years and many more are in the process of implementation.
try is seriously addressing the issues of climate change and natural resources conservation in its development pro-
grams. Examples for this are program of climate change resilient green economy and widespread activities of af-
forestation and soil water conservation. There is no doubt that researches can contribute to the effectiveness of
these activities and sustainability of the results of the development programs. Definitely there are several re-
searches and project studies conducted allover the country in the areas related to water resources development
whose result need (o be communicated and shared. Arba Minch University has been organizing symposia on

“Sustainable Development of Water Resources™ for the last cansecutive 13 years.

The coun-

The objectives of these symposia were to create a platform for researchers, professionals from wider ranges of
disciplines such as water resources, energy, environment, agriculture, and climate change as well as practitiorers,
decision-makers and development agents to come together and share experiences and knowledge by presenting
papers, displaying products and technologies that address sustainable water resources management and develon-
ment. This year the symposium marks the 13" cyele in the series. The organizing committee has received more
than 435 papers in different thematic areas announced in call for papers. After review process, about 23 pares have
been selected for oral presentation and 10 papers for poster presentation. This proceeding provides full contents of
20 presented papers during the symposium. I believe that the research results presented in these papers can be use-
ful references for the readers. On behalf of the organizing committee and myself I thank all contributors to this

Symposium.
Mekonen Ayana, Ph.D

Director, Water Resources Research Center
Editor

water 3 (1)
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Welcome Address

Dr. Negash Wagesho, Scientific Director, Institute of Technology

Dear Distinguished Guest,
Dear University Officials,
Dear Scholars and Research Paper Contributors,
Dear invited Participants,

. h
On Behall of Arba Minch Institute of Technology and myself as well I would like to welcome you all to this 13
symposium 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 sympos‘ium
in series for the last thirteen years, i.e for about half-life of the university. Its contribution while sharing various
scientilic research outputs among researchers from home and abroad, the academic community and other stake-
holders has been becoming manifold. The symposium remain unique in its kind at national level and given top
priority by the University and its close partners over the last decade plus years while ensuring academic and re-
search excellence in water resources engineering sector. This has been testified from the vast majority of high cali-
ber rescarch papers contributed every year. Over the years, the symposium was supported/sponsored by both na-
tional institutions such as Ministry of Water & Encrgy and Regional Water Bureaus and international organiza-
tion such as GTZ.

Our two-days symposium is focusing on the following five thematic arcas
Hydrology and Integrated Water Resources
Renewable Energy
Irrigation and Drainage
Water Supply and Sanitation
Emerging Challenges — Climate Change

With this brief introduction | once again welcome you all to Arba Minch University and expect a very lruitful dis-
cussions and deliberations.

1 would like to invite Dr. feleke, President of Arba Minch University to provide an opening speech and bless our
distinguished guests, contributors and participants gathered from across the country,

Thank you.

water 3 (1) ]




Opening speech
Dr. Feleke Woldeyes, Arba Minch University President

Dear Workshop Participants
Ladies and Gentlemen,

First and foremost it gives me great pleasure to welcome you all to this 13" Symposium on Sustainable Water Re-

sources Development.

all lives depend on. Hence water security is crucial to sus-
a situation of reliable and secure access to water over
ater resources whereas others are suffering from wa-

as to ensure its availability and accessibility in the

Water is an indispensable natural resource upon which
tain life. When we say water security, we are referring to
time. Some regions are characterized by abundant physical w
ter scarcity. Capacity to harness the available water resources 0
required quantity and quality is also different from country to country.

good quality water also increases. How-

With increasing population and improved living standards the demand for
than 1.2billion people in the world

ever, water scarcity is threatening many regions of the world and hence morc

lack access to this important resourcc.

literature makes distinctions between physical, cconomical and technical water
ater recources potential, the availability and ac-
limited. This was mainly ac-
er bresources

ons suffering

With regards to water availability,
scarcity. Although Ethiopia is considered as a country with vast w
cessibility of water both in terms of quantity and quality (o different uses has been
counted to lack of the required technical and financial capacities and canabilities to harness our wat
potential. Hence, as per the definitions of literature, Ethiopia has been belonging to one of those regi

from economical and technical water scarcity.

relationship between demand for water and its availability. Not

ry considerably between different regions within a given country,
as the dominant user of freshwa-

Generally, the term water scarcity describes the
only the availability but also the demands may va
depending on the sectoral usage of water. Agricultural sector has been considered
ter. However, with the development of industries and urbanization, demand for water is also increasing from in-
and domestic uses. Sustenance of ecosystem functions also requires water of specific quality and quantity.
mand for food production the water demand will increase. Therefore,

s including ecosystem is required.

dustrial
With increasing population growth and de
efficient allocation of water among different use

12 major river basins with annual runoff potential of 123 BCM.

These rivers are feed by heavy winter rainfalls over Ethiopian highlands which makes most often concentration
times of flows shorl. As a result high water availability periods or peak runoff times are concentrated to only 3 to 1
ater makes water storage crucial to ensure sustain economic

The freshwater cycle in Ethiopia is governed by

months of the year. This uneven distribution of w
growth and eradicate poverty. Our water storage facility per capacity is among the least in the world which re-

quires attention.

Following the results of river basin master plan studies, we are progressing to implement water resources develop-

ment projects in many of our river basins. In the course of project identification, feasibility studies, design, con-
L]

struction and operation of our water resources projects, we follow international standard procedures of social and
environmental impact assessments. As these projects are created with huge investments, sustaining their positive

impacts requires minimizing possible negative social and environmental impacts.

With increasing population our watersheds are increasingly threatened by poor land use systems such as deforesta-
tion, overgrazing, over-cultivation and so on. With this regards, the consequences of land degradation and soil ero

. - . ‘ )
sion on water resources development infrastructure is becoming priority concern

water 3 (1)
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. :
Silting-up of water storage siructurcs like dams and reservoirs as well as irrigation canals are 1-na_i0r problems we arc fac-
ing. Parallcl to investments in development of new projects. due emphasis should be given (o integrated watcrshed man-
agement, ] L
Many soil and water conservation cfforts are underway in different regional states of our country. These interventions need
to be supported by scientific knowledge to sustain their positive impacts. L
Climate change and variability is another emerging issuc that deserves atiention. The Sub Saharan part of Africa l“.BC."'
cral has been affected by major drought and flood cvents over the last Century. The adverse cffeet of such climate \'flr'lill)'l[-
ity has significantly been observed on agriculture, water supply and hydropower scctors in Ethiopia. In order (o numpuzc
ll;.c ncgative consequences of ensuing climate variability . introduction of appropriate climate change adaptive mcchnmsm.s
atdifferent levels and development of climate resilient green cconomy is vital,
Our water resources development and management endeavors need (o be supported by scientific rescarches. Ho\\'cvclr.
rescarch capacitics and experiences in water resources are still at infant stage. The existence and availability of water is
affected by the interaction of many environmental and socio-cconomic factors. 1(s (rans-boundary nature conncects dilfer-
cnt nations and nationahities with difTerent levels ol cconomic development. cultures and values. Rescarch is important to
generate information and knowledge related (o the likely change in demand and supply of water in different time horizons.
socio-cconomic and environmental impacts of intervention. adoption and adaptation of appropriate technologics to ¢n-
hance clficient use of water and so on,
To contribute (o the rescarch capacity building. Arba Minch University has completed the necessary preparation to launch
PhD program in Waler resourecs cngineering, The first batch of PhD candidates will be admitted as of the beginning of the
next academic vear,
I am informed that several research papers addressing various arcas of water resources are selected and ready for oral and

poster presentation. This platform will definitely create opportunity for you (o share experiences. exchange ideas. dissemi-
nate vour results and learn from cach other.

Ladics and Gentlemen.

Finally. 1 would ke to thank the financial contribution of Ministry of Science and Technology. Community Managed Pro-
Ject Approach (CMP) in the Ministry of Water resources and Encrgy. Water Works Design and Supervision Enterprisc and

International Water Management (IWMI). 1 thank also the organizing commitiee of this symposium who has worked hard
to realize (his.
['wish you fruitful deliberations during these two days and declare that the symposium is officially opened.

Thank You.
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Field experimentation based simulation of yield response of maize crop to deficit

irrigation using AquaCrop model

a . ASSe 4 W2
Yemane Gebresclassie'. Mckonen Ayana :mtl K.u:s 2 T‘SIC-IL .
‘ — - 11V 7
' Adama University. cmail: )'c111gbrf(r:)'alloo.com. Arba Minch University

Abstract

Thi ; i o OB 7 i Demonstration
This experiment was conducied during I'ebruary to June 2012 in Demol

farm of Arba A linch University located in

o fTerent fevels of deficit irrigation imposed
the central rifi vailey of Ethiopia. The aim was investigate the effects of different le els of def P al

different growth stages of maize (BI-140) crop on its development, g1
was calibrate and validated using field experimentation data. The crop
plication was calculated using Cropllar 8.0. The water application levels
and 23%ETe. The crop was imposed to these waler application leve
were ten treatments including a control treatment. These treatnents were rej

-ain vield and water use efficiency. AquaCrop Mo}
:m‘er‘ requirement of maize for full irrigation ap-
considered were 100%15Te, 75%LETe, 50%1:7,
Is during different growing stages. Accordingly theye
sicated three times. Data collected during the

; ; T 5 ield.
experiment were: crop biomass, soil moisture content, irrigalion depths and final vi

water use efficiency was recorded under 18 and T4.

ici S0%ET ; ' ‘th erow ; significant
Generally, water deficit of 30%ETce during third and fourth growth stages had no signific

in TC (S o il was subjected 1o water deficit during -
The result showed that the highest vield was found in TG (3842 Kgha) whicl was subjecte /i Y
and maturitv-stages; whereas minimum yield of about 5264 Kg hia was obtaine

deficit during the whole growing season excepl during the initial stage. The highest (

o under TS which was irrigated inposed 1o
2,11 kg'm?) and lowest (0.93 kg nr’)

effect on the grain vield of

maize and it is worthwhile 1o save irrigation water during these growth stages. o o
i ; I i .o orain vield, and canopy cover (CL) Jor most
The model performedvell in simulating the growth of aboveg ound biomass, grain vield, P .

of the treatments but it was less satisfactory in sinulating

the growth performance of reatments under prolonged water-

deficit. The fact that the AquaCrop model is easy 1o use, requires less inpit data. and its sufficient degree of simulation

accuracy make it a valuable tool for estimating crop productivity

Jor improving the efficiency of waler use in agricultire.

1. Introduction

Globally. irrigated agriculture is the dominate user of
fresh water. Waler is becoming scarce and hence irrigation
waler supplics are decreasing in many arcas of the world.
Climate change predictions of increase in tempcrature and
decrease in rainfall mean water will become increasingly
scarce, - —————

Gencrally Ethiopia is considered as water abundant coun-
try. However. water availability for crop production is
highly erratic both in space and time. Where in some arcas
there is substantial rainfall and surface runolT during some
months of the year while in others there are high drv spell
periods (Awulachew et al.. 2007). This calls for storage of
excess rainfall and nmolT that can be utilized during the
dry scason. Efforts to cnsure food self-sufficiency at house
-hold level requires efficient use of the stored water and
appropriate water application technologics that can be
adopted for small-scale irrigation development. The tradi-
tional irrfgation development paradigm is aiming at sup-

water 3 (1)

wnder deficit irvigation, and on-farm water management

plying sufficient water (o crops (o avoid water stress dur-
ing the whole growing stage. so as (0 achicve maximum
vields (Doorenbos and Pruit. 1992). However. the limita-
tions in water availability oblige to adopt alternative irri-
gation schedules with different frequencies of irrigation to
cope with the water scarcity. Because ol water availability
constraints in most areas of the world. the above paradigm
is changing (English el al.. 2002) and quite ofien. the allo-
cation of irrigation water 1o ficld is below maximum crop
water requirement for maximum yield (Lorite ct al.
2007).

In order to optimize crop vields and water use cfficiency
in irrigated environments, irrigations should be timed in a
way that non-productive soil water evapotranspiration and
drainage losses are minimized. and possible inevitable
waler deficits coincide with least sensitive growth period

Therelore. it is critical that conservative irrigation water
management practices has (o be implemented in order (0
optimize crop yield by employing deficit irrigation princi-
ples that provide a means of conscrving irrigation waler
while maintaining reasonable yield level,

10
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Deficit irrigation scheduling practice is the technique of

withholding. or reducing the amount of water applied per

irrigation at some stages of the crop growth with the aim
of saving water, labor, and in some cases energy.

The main objective of this study was thereflore, to investi-

gate the eflects of different levels of deficit irrigation im-

posed at different growth stages of maize crop on its de-

velopment. grain yield and water use efficiency.

The specific objectives of the study were:

e to evaluate the effects of different ‘irrigation water
application levels on crops yield and water use effi-
ciency at different crop growth stages.

e o calibrate and validate the AquaCrop model using
the data generated during the experiment and evaluate
its applicability for deficit irrigation management.

2. Materials and Methods
2.1 Description of the study area

The Field experiment was conducted in the south western
zone of SNNP regional state. at the Demo-farm of Arba
Minch located 500km south ol Addis Ababa during the
period from February to June. 2012. The AMU demon-
stration site was set as a practical illustration for irrigation
and drainage related teaching and research purposes right
after the establishment of the Arba Minch Water Technol-
ogy Institute (AWTI) in 1986.

nerer /

ORE DAA
soDsABLB.  HARAR

Ty OROMA soman Regon

Legend
Eimops
{573 Saulhern_region
BB Garo_Qats
[ JAresminen_turla
B Arkaminch_Llown
. Arbanunch_Demo_Farm

Figure 2.1: Location map of the study area

The study area is situated at 37°34° E longitude and 6° 04°
N latitude, and at an altitude of 1203 m. a.s.l. The location
map of the study area is presented in Figure 2.1.

The rainfall at Arbaminch station follows a bi-modal pat-
tern with average annual precipitation of 750 mm. The
average minimum and maximum temperature amounts (o
13°C and 29.6°C, respectively.

water 3 (1)

2.2. Experimental design

The experiment was conducted in an intensively cultivated
area of Arba Minch University demonstration site. [t was
designed to expose maize crop (BH-140) to water deficit
during one or more of ils growing stages. Considering
four growing stages of the crop (FAO, 1998) there were
ten treatments as indicated in Table 2.2. The treatments
were watered at the levels of: 100%ETc, 75%ETc, 50%
ETe, and 25%ETec to that of the total crop waler require-
ment during four growing stages of the selected crop

(Table 2.1).

Table 2.1; Details of irrigation treatments

Stralegies Symbol | Supply conditions
Full Irrigation Fl 100% Irrigation water

application

75% lrrigation water

Light Deficit | LDI
application

Irrigation

50% Irrigation \water

Deficit Irrigation | DI
application

Extreme Deficit | EDI 25% Irrigation water

Irrigation

application

In order to illustrate the impacts of water deficit on yield
and some agronomic characteristics of maize, a study was
conducted as Randomized Complete Blocks Design
(RCBD) and three replications to yield a total of 30 ex-
perimental plots. The size of each experimental plot was
5 =4 m. The space between plots and replications were
1.50 m and 2m respectively. The BH-140 hybrid of maize
was selected for the study and it was planted with <40 cm
between plant and 80 cm raw spacing. This crop variety
was selected for its good adaptability and most usable in
the study area. The growing season of the crop was mainly
divided into four major growth periods: initial, develop-
ment, flowering and maturity stages based.

Each plot had five furrows for irrigation water application
and five planting rows. The furrows were regularly main-
tained to sustain their water storage capacities over the
season. These treatments were arranged in a way that a
single treatment was not subjected to one level of deficit
for the whole growing stage with the exception of control
one, T1. The field layouts of the experimental plots could
be schematized as shown in Figure 2.2

11
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Table 2.2: Total number of treatment combinations over
crop growing stages.

Crop growing stages/Level of
Treatments | water application in %
% [ I e
T1 100 100 100 100
T2 100 75 75 75
T3 100 100 75 . |75
T4 100 100 100 75
TS 100 50 50 50
T6 100 100 50 50
T7 100 100 100 50
T8 100 25 25 25
T9 100 100 : | 25 25
p T10 100 100 100 25
Note: this was replicated three times

2.3. Agronomic pracﬁccs and water application

Land preparations was done using labor forces for seed-
| bed preparation and the experiment was conducted during
I the dry season using irrigation water only (no rainfed) in
I which shelters were used to exclude rain. Maize (BH-
i 140) cultivar was sown by hand at the end of January and
I harvested at the end of June of the same year. The 90%
‘ Seedling emergence was observed about 7 days later. Af-
U ter germination and cstablishment, thinning was carried
_‘ out to maintain the spacing between plants to be 40 cm. 12
! Kg/ha DAP (diammonium phosphate) was applied during
sowing period where as 10 Kg/ha urea was applied twice
during vegetative stage and at the beginning of flowering
stage, respectively.

| First the required crop water was calculated using CROP-
WAT 8.0 computer program (Allen et al., 1998) on daily
\ basis. Calculations of water and irrigation requirements
were done using inputs of climatic, crop and soil data, as
well as irrigation and rain data. Daily reference evapotran-
l spiration was calculated from max- and min- temperature,
humidity, sunshine/radiation, and wind-speed data, ac-
cording to the FAO Penman-Monteith method (FAO,
I 1998). After determining the total irrigation water require-
ment, the different water application levels (Table 2.2) to
induce waler deficits were quantified. Accordingly, the
corresponding irrigation amount has supplied 1o each ex-
perimental plot using calibrated siphon tubes through fur-
row irrigation method and appropriate flow control equip-

water 3 (1)
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ment was used. Water was carefully controlled to avoid
the flow of water into water deficit plots. Since the fur-
rows are close ended all water flowing into the furrows
were infiltrated over the entire length, that is, there was no
runoff. To maintain the capacity of furrows constant
throughout the growing season, maintenances were done
every lime before irrigation.

All plots were protected from possible supply of water
through rainfall using plastic shelters. The shelters were
designed in such a way that they can easily be rolled-up
when there is no rainfall and unrolled when rainfall occurs
and during night.

Al the end of each irrigation application or before the next
irrigation leaf area and aboveground biomass were col-
lected by removing one plant per plot.

2.3.3 Crop water productivity

Crop water productivity (WP) or irrigation water use effi-
ciency (IWUE), as reviewed by Molden (2003), is a key
term in the evaluation of Deficit Irrigation (DI) strategies.
The water productivity with dimensions of kg /m® is de-
fined as the ratio of the mass of grain yield (Ya, Kg/ha) to
the volume of water consumed by the crop (Eta, mm):

Y

a
ET,

ETa refers to water lost both by soil evaporation and by

crop transpiration during the crop cycle. Since there is no

easy way of separaling between these two processes in

field experiments, they are generally combined under the

term of evapotranspiration (ET) (Allen et al., 1998).

Wwp =

2.3.4 Crop paramcters and measurements

The days from sowing lo emergence, maximum canopy
cover, start of senescence, and physiological maturity, as
well as maximum rooting depth were recorded in the field.
The base and upper temperatures were assumed to be 10
and 30 °C respectively. Root observation was done in the
field at about maximum canopy cover and at maturity
from all plots. Leaf length, L (cm) and leaf width, W (cm)
of plants from each treatment was measured using tape
meter at 10-day intervals throughout the growing season.
The total leaf area A (cm?) for maize leaves was therefore
obtained using the following relationship:

"

A=0759 % L xw,
i=1
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Figure 2.2: Layouts of the experimental plots

The LAI was oblained by the ratio of total leaf area of

per unit ground area.

Measured leal area per plant (cm?®)  number of plants
X
100 x 100 em* m’

LAl =

AquaCrop simulates transpiration in terms of canopy
cover (CC) of the crop, but often experimental studies
measure LAl but not canopy cover. Therefore. Canopy
cover was estimated from leaf area index based on Theo-

dore C. et.al, (2009).

CC =1.005 x[I —exp(-0.624/ )]

Where CC (%) is canopy cover and LAl is leaf area index.
An empirical relationship between CC and LAl of maize
was obtained by regression, plus slight adjustments at the
extreme low and high end of CC values.

2.3.5 Data collection and analysis
All relevant data including weather conditions. soil and

crop characteristics ( such as open air dried aboveground

biomass and yield, leal area).
irrigation have been collected from the experiment
and analysis was made to identify optimal deficit irrigation
, sponses and

al plots

management practices based on crop yield re
water use efficiency. For this purpose¢ JMP3, GenStat M
Edition softwares were used. The open air dried grain
yield and above ground dry biomass weight was measured

at 13% moisturc content.

2. 4 Model performance evaluation
The performance of the model was evaluated using the
following statistical parameters of the Rool Mean Square

Error (RMSE). calculated as:

water 3 (1)

and amount and timing of

l N

FZ, o, -5}

And the N:odel Efficiency (ME) (Nash and Sutcliffe,
1970) is celculated as:

RMSE = \

N

(0 -5)

(6-0:)

=1

Where €' and Oi are the simulated and observe!
(measurec, values as samples taken along the seacon, oral
the end _ of the secason, N is the number of observa-
tions, and is the mean value of O,

ME rangc; from negative infinity to positive 1: the closer
to 1, the more robust the model. The RMSE in Eq.2 repre-
sents a measure of the overall, or mean, deviation between
observed and simulated values, that is, a synthetic indica-
tor of the absolute model uncertainty. In fact, it takes the
same units of the variable being simulated. and therefore
the closer the value is o zero, the better the model simula-
tion performance.

3. Resul’; and Discussions
3.1 Soil Zharacteristics of the Study Area

Soil samp!zs from the study area were collected from each
horizon un to 120 cm depth to characterize the soil in
terms of pl ysical characteristics such as textural class (so:!
texture), EZ, pH, organic matter, and the average bulk
density.
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The above mentioned soil parameters were analyzed at in
the soil laboratory of AMU. Using Hydrometer method
and USDA soil textural triangle the texture of each 30cm
layer was determined as shown in the Table 3.1 below for
the total depth of 120 cm and the texture of the whole pro-

file was clay soil. The experimental site had average Field
Capacity (FC) of 34.23% and average Permanent Welting
Point (PWP) 18.7% with the average total available water
{TAW) 15.5% in volume percentage (Teshome, 2006).

Table 3.1: Soil physical and chemical properties for the experimental site

Soil Type ol analysis

depth Bulk den- | EC pH % | % silt %clay | Tex- | Organic | FC PWP | TAW

(cm) sity (ds/m) sand care | Matter% | Vol. Vol. | Vol.

(@m/cm’) Yo % %

0-30 1.2 0.059 | 83 | 20.7 12.0 67.3 clay 13.0 39.3 213 18.0
30 - 60 1.2 0.059 8.1 14.0 347 51.3 clay 13.9 34.7 19.7 15.0
60 -90 1.3 0.058 8.3 16.7 26.0 573 clay 12.6 31.6 17.0 14.6
90-120 1.1 0.060 8.1 20.7 20.0 593 clay 12.4 31.4 16.8 14.6
Average 1.2 0.059 |82 | 18.0 23.2 58.8 ' clay 13.0 3425 | 187 | 1555

The soil pH was determined in 1:2.5 soil: water suspen-
sion ratio by potentiometric method using glass electrode.
The pH of soils was alkaline ranged from 8.1 to 8.3 with
an average of 8.2 and it does not show significant differ-
ence throughout the profile.

Electrical conductivity was determined in 1:5 scil: water
ratio extract using cell electrode and expressed as dS m!
and appropriate temperature conversion factors for cor-
recting conductivity data to standard temperature of 25 °C
was used. Measured soil salinity was low as indicated by
electrical conductivity (EC) values throughout the profile
which ranged from 0.058 to 0. 060 ds m™'. The highest EC
(0.060 dS/m) was recorded in the lower horizon of the soil
profile and lowest in the second from the bottom (60 - 90
cm) horizon of the soil profile.

The soil infiltration rates were measured with the help of
double ring infiltro-meter and it was on the average of 4.3
mm/min.

3.2 Crop Water Requirements and Irrigation
Scheduling

The daily crop water requirements were calculated by
multiplying the reference evapotranspiration values with
the maize crop coefficients (0.3, 0.5, 1.2 and 0.5) initial,
development, flowering and maturity stages, respectively
given by Allen et al. (1998). The Amount of krigation
water required at 10 days interval, number of irrigation
events is summarized in Table 3.3. Fixed interval (every
ten days) and variable depth (refill to field capacity) irriga-
tion scheduling technique was selected. Optimal or ‘“a0

water 3 (1)

stress’” irrigation was calculated using the FAO CROP-
WAT program as the net amount of irrigation required to
refill the soil moisture deficit with weekly application of
irrigation water, The depth applied to other treatments was
taken simply as percentage of the optimal irrigation at
specific growth stage or throughout the growing season.

3.3 Yield and Water use Efficiency of Maize Crop

The result in Table 3.4 indicated that yield of maize was
significantly (p<0.05) affected by the deficit irrigation.
The highest yield was found in T6 (8.842 t/ha) which was
subjected 1o water deficit during mid and maturity-stages
whereas minimum vyield of maize was obtained under T8
(5264 t/ha) vhich was deficit during the whole growing
season except during the initial stage.

According to the result shown in Table 3.4 both T2, T3,
T6, and T7 are within the yielding potential of the hybrid
(BH-140) maize crop yield collected from the research
center which is 7.5 10 8.5 t/ha, and the remaining treatment
were also in the range of yield collected from the farmer
which is 4.7 10 6.0 t/ha (source; Bako Agricultral Mecha-
nization Research Center).

There was significant different between the yield of To
(8.842 t/ha) axd T8 (5.264 t/ha) which was giving 25%Elc
during develenment-, middle-, and late /maturity-stages of
llTe‘crop aros/ing season.According to the result obtained,
‘:’,Wlﬂg 25%L e during development-, middle-, and late /
'“all"'ll)'-Sl.ﬂgcs of the crop growing season has affected
more the yield of maize as compared to other treatments.
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Table 3.3: Amount of irrigation water required for maize in 10 days interval (mm).

Treatments
Date Tl T T3 T4 T5 T6 T7 T8 v TIO
10-Feb 611 6l.1 61.1 61.1 6l.1 61,1 60l.1 61.1 61.1 61.1
20-Feb 50.7 30.7 30.7 30.7 30.7 30.7 30.7 30.7 30.7 30.7
2-Mar 504 22.8 30.4 304 15.2 304 30.4 7.6 30.4 304
|2-Mar 50.6 27.5 36.6 30.6 18.3 36.0 36.6 9.2 36.6 36.6
22-Mar 55.5 41.6 5355 355 27.8 55.5 55.5 13.9 935 55.5
1-Apr 63.7 47.8 63.7 63.7 31.9 63.7 63.7 15.9 03.7 63.7
11-Apr 68.3 51.2 51.2 68.3 34.2 34.2 68.3 17.1 17.1 68.3
21-Apr 60.1 451 45, 60.1 30.1 30.1 60.1 15 15 60.1
1-May 55.7 41.8 41.8 55.7 27.9 27.9 55.7 13.9 13.9 5.7
I 1-May 60.7 455 455 60.7 304 304 60.7 15.2 15.2 60.7
21-May 00.1 49.6 49.6 06.1 33.1 33.1 606. 1 16.5 16.5 66.1
31-May ol 45.8 45.8 45.8 30.5 30.5 30.5 153 15.3 15.3
10-Jun 42.6 32 32 21.3 213 213 10.7 10.7 10.7 10.7
20-Jun 27.6 207 207 15.8 3.8  13.8 13.8 6.9 6.9 6.9
26-Jun 0 0 4] 0 0 () 0 0 0 0
Total 720.1 363 609.6 687.3 406 499 | 654.5 248.9 388.5 621.7

Giving 50%ETc of crop water requirement during middle-
and maturity-stages were better than giving 100%ETc of
crop water requirement throughout the growing season.
On the other hand, ANOVA showed that irrigation water
use efficiency (IWUL) was significantly different. Thus.
T8 (2.11 ke/m*) and T4 (0.93 ke/m*) had the highest and
the lowest irrigation water use efficiency respectively.
This result elaborated that applying 253%LETc ol crop water
requircment  during development-, mid-, and late /
maturity-stages of the crop growing season has better wa-
ter use efficiency than applying optimal irrigation with
(100%ETc) crop water requirement.

As indicated in Table 3.5, T6 had the highest and T8 the
lowest vield. From the treatments highest amount of water
was saved in T8 (65%) and 5% of water was saved in T4
taking into account T1 as a control (crop water require-
ment base). The amount of water saved in T6 was 31%
which is higher than the other six treatments (T1, T2, T3,
T4, T7, and T10). When the treatments are compared in
terms of yield reduction/increase, T6 had (-23%) which
shows there is no yield reduction rather 23% yield in-
crease compare to the control treatment (T1) and T8
(27%) the highest vield reduction since T1 is considered
as control.

water 3 (1)

Table 3.4: Grain yield, aboveground biomass and harves!

Yield Above ground
dry biomass
Treatment (t/ha) (t/ha) HI (-)
Tl 7212 13.385 0.539
T2 7.576 11.827 0.641
T3 8.088 12.202 0.663
T4 6418 12.723 0.504
i 0.189 10.394 0.595
T6 §.842 10.484 0.843
T7 8.369 11.675 0.7
T8 5.264 8.862 0.594
T9 5.929 9.327 0.635
T10 0.736 10.29 0.655
LSD (0.05) 2.103 2.031 ns
CV (%) 18.1 21.22 20.34

index for different irrigation treatments of maize.

The grain yield and aboveground dry-biomass of the
maize plant is presented in Table 3.4. ANOVA tes
showed that there is a significant difference between treat-
ments in terms of grain yield and total aboveground dry-
biomass. It shows that there is no significant difference
between (reatments T1, T3, T4, and T7 in terms of aboyve
ground dry-biomass

15
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Table 3.5: The amount of water saved and yield reduction.

Yield
Irriga- yiold IWUE Water | ¢
Treat- tion (hoi (hpl saved ductio
ments (m 3/ ha) m3) (%) n /
ha) rn -
crease
Tl 7201 7212 1.01 0
T2 5630 7576 1.35 22 -5
T3 6096 8088 1.33 15 -12
T4 6873 6418 0.93 5 I
TS 4060 6.189 1.52 44 14
T6 4991 8842 1.77 31 -23
T7 6545 8369 1.28 9 -16
T8 2489 5264 211 65 27
T9 3885 5929 1.53 46 18
T10 621.7 6736 1.08 14 7

canopy cover, senescence and maturity were used. The
mode! resulted fast canopy expansion and moderate can-
opy decline. The canopy erowlh coeflicient (CGC) and
canopy decline coellicient (CDC) were 1.46%/°C /day
and 0.114 % /°C/day respectively.

The crop parameters used for calibrating the model were
maize phenological development, different crop parame-
ters and the values used for calibrating the model. Stress
parameters such as canopy expansion and canopy senes-
cence coellicients were adjusted and re adjusted to simu-
late the measured canopy cover.

The harvest index (HI) which refers to the percentage dry
matter allocated to grain yield, increasing with increasing
magnitude of deficit from all except under T6. The lowest
HI is 0.53 and the highest is 0.84. These values are rela-
tively higher than the values of 0.31 — 0.55 reported by
Farre and Faci (2009) as cited by Mekonen Ayana (2011).

3.4 Simulation using AquaCrop Model

3.4.1 Model calibration and validation

The Model has been calibrated based on the measured
crop data of all the treatments. The main calibration pa-
rameters for CC include the canopy growth coefficient
(CGC), the canopy decline coeflicient (CDC), waler stress
(Puppers Prower and the shape factor) affecting leaf expansion
and early senescence. Canopy cover per seedling was esti-
mated based on the general knowledge of the crop charac-
teristics by specifying row spacing and plant spacing.
Then, simulation was done for the above crop phonologies
and the results were compared with the measured values.
In the model. initial canopy cover (CCo) was estimated
based on the data from agronomic practice from row
planting, row spacing (0.80m) and plant spacing (0.40m)'.
Hence, the estimated initial canopy cover (CCo) for the

given maize crop has been found 0.16% (3.1 plants/m2 or
31,250 plants/ha).

To estimate the canopy expansion rate, phonological data

listed i 3 i i
(listed in Table 3.6) such as dates to eémergence, maximum
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Figure 3.2: Simulated and observed canopy cover.

The simulated above ground dry biomass agreed well with
the observed biomass (Fig. 3.3). There was strong rela-
tionship between the observed and simulated biomass (R?
> 0.85).

—5im. above g by Bm yha)

o (s, above gr. i y B (o

Above grodry Biomuasa ()

PoI020 20 30 50 o0 7o 50 w0 e 100 120 1w 30 147

Daysalter planting

Figure 3.3: Simulated and observed above ground dry
biomass.

The average harvest index value obtained from field ex-

eriment for ig i i
p ent for the highest yield production was 80%.
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Table 3.7: Crop data input used in AquaCrop to simulate maize.

Description Value Units Interpretation
Canopy cover per seedling at 90% emer- Increase in CC relative to existing
gence (CCo) 0.16 % CC. (3.1 ecm2 per plant).

Increase in CC relative to existing CC
Canopy growth coefTicient (CGC) 1.46 %/ Clday  per GDD
Maximum canopy cover (CCx) 90 o well covered
Maximum crop coeflicient .05 - Al max canopy
Canopy decline coefficient (CDC) at senes- Decrease in CC relative to CCx per
cence 1.14 %/ 'C/day  GDD
Waler productivity 32 o/m’ Biomass per m*

Leafl growth stop completely at this P
Upper threshold for canopy expansion 0.20 = value
lower threshold for canopy expansion
(Prower) _ 0.55 - Abave this leaf growth is inhibited
Leal expansion stress coelTicient curve
shape 3.1 &

0.55 Moderately tolerant to waler stress

Upper threshold for stomatal closure - but above this stomata begins to close
Stomata stress cocllicient curve shape 3.1 -
Canopy senescence stress coelTicient
(Pupper) 0.55 - Above this canopy senescence begins
Senescence stress coeflicient curve shape 3.1 -
Reference harvest index (Hlo) 70 - Common for good condition
Cocflficient. HI increased by inhibition of Upper threshold for increase in HI
leal growth at [lowering (.83 due to inhibition of leaf growth
CoefTicient. Hlinercased due to inhibition Maximum HI increased by inhibition
of leal growth before flowering 12 % of leal growth before MNowering
Coeflicient. HI decreased due to water
stress alfecting stomata closure during yield
formation 3 - Moderate
CoefTicient, HI increased due to water
stress allecting leal expansion during yield
formation 2 - Moderate

observed.

Table 3.8: Simulated and observed grain yield and above ground dry biomass of treatments and % of deviations from

As shown in Figure 3.2 the simulated and observed canopy cover was well correlated with strong relationship (R* > 0.80).

Gener ated by CantScanner fromintsig.com

Yield Above ground dry biomass

Treatment  Observed (1/ha)  Simulated (Vha)  Dev. (%)  Observed (t/ha)  Simulated (t/ha)  Dev. (%)
T e 7.61 5.23 13.39 14.85 9.87

i) 7.58 8.27 8.39 11.83 1251 5.46

T3 8.09 9.27 12,75 12.20 12.96 5.85

T4 6.42 7.6l 15.60 12.72 13.85 8.14

T5 6.19 4.56 -35.72 10.39 33.78 69.23
T6 8.84 10.27 13.90 10.48 10.78 2.75

i 8.37 - 8.34 -0.35 11.68 11.99 2.63

T8 5.26 2.70 -94.96 8.86 56.76 84.39
TO 5.93 6.42 7.65 933 9.99 6.64

TI10 6.74 7.61 I1.48 10.29 10.74 4.19

water 3 (1) 17
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Table 3.8 shows a deviation of the simulated grain yield
and above ground dry biomass from their corresponding
observed data. The deviation of the simulated above
ground dry biomass from the observed data for both T5
(69.23%) and T8 (84.39%) shows there was over esli-
mated ol above ground dry biomass by the model.
Whereas the deviations of the simulated grain yield from

the observed data for both T3 (-35.72%) and T8 (-94.96%)
shows there was under estimation of grain yield of maize
crop by the model. Although not largely different, the
above ground dry biomass was betler simulated by the
model when compared with the grain yield which is in line
with Araya (2010).

—— Sinwlated (t/ha)

-
e
[=)

Grain yield (t/ha)

T3 T

5 T6

Treatments

¢ Observed (t/1hha)

Figure 3.4: Comparison of simulated and observed grain yield of each treatment

Both grain yield and above ground dry biomass were ade-
quately simulated by the model. The simulated above
ground dry biomass (Fig. 3.5) and grain yield (Fig. 3.4)
agreed well with their observed above ground dry biomass
and grain yield except for both T5 and T8 which was con-

secutively subjected to waler deficit from development to
maturity stages. There was strong relationship between the
observed and simulated above ground biomass and grain
yield (R*>0.91). -

o

—Siralated (/lha)
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A
\ﬁﬁ./ 2

TG T s T10

Treatimaents

Figure 3.5: Comparison of simulated and observed above ground dry biomass of e

3.4.2 Model performance evaluation

The model efficiency (ML) and root mean square of error
(RMSE) was used to cvaluate the model performance,
These parameters showed good to moderate performance
for above ground dry biomass (ME=0. 99, RMSE = 0.8 {/
ha) and grain yield (ME =0.97, RMSE = 1.25 t/ha). Model
efficiency and Mean square error for above ground dry
biomass was done by removing the two most outliers (T3
and T8). According the validation results, the calculated
ME were close to one that is the more the robust the

water 3 (1)

ach treatment,

model. Also, moderate RMSE values indicate the good
performance of the model.

3.5 Sensitivity analysis

Before applying a model, it is necessary to have some

Famllmrtry with its behavior and sensitivily to input pa-

rameters. Sensitivity analysis helps to recognize the pa-

rameters that have significant impact on model output.

To assess the robustness of (he AquaCrop model for maize

cr oAl ;% i .
op under Arbaminch condition and the required quality

of the input data, a sensitivity analysis was worked
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out by altering inputs and by keeping some inputs constant
such as normalized water producnvity (WP* = 32 for C4
crops). Temperature (base temperature =10 and upper
temperature = 30). The inputs for sensitivity analysis for
this rescarch were agronomic data, soil. meteorology, and
irrigation management data. In order 1o compare the

model outputs. the inputs were changed by trial and error

in cach step. After changing the values of input parame-
ters. the modcel outputs were compared with the observed
data. The results showed that the most sensitive agro-
nomic parameter in AquaCrop model were time (o senes-
cence. reference harvest index (Hlo), canopy develop-
ment, canopy decline. However, the model showed

less
sensitive (o time ol sced emergence. length of MNowering
period, days 10 Nowering. The dilference in simulated
above ground biomass and grain yield was used for the
assessment. In general, the most sensitive parameters were
those which are cultivar specilic parameters (with white
cell box) and less sensitive parameters are those with sil-

ver cell box in the model.

4. Conclusions and Recommendations

4.1 Conclusions

The advantage of deficit irrigation lies in saving water
while maintaining optimum yield as close to fully irrigated
farm (Mekonen Ayana. 2011).

From the results of the experiment, continuously applied
25% of the total crop water requirement showed mare
yield reduction. On the other hand, slightly deficit treat-
ments had less yield reductions. However, even 50%Lic
water application throughout the growing scason excepl
the first stage had signilicant yield reduction. This indi-
cates that prolonged water delicit below 50% ol crop wa-
ter requirement could significantly affect the yield.

There was no vield reduction observed under treatments
which was irrigated 30%ETe during third and  forth
growth stage. followed by treatments irrigated 75%LETce
during first. second. and third growth stages and plot irri-
gated 25% of crop water requirement only during the last
stage. That means with this application, water and other
irrigation expenses can be saved. By doing so more land
can be irrigated with the saved water to enhance more
production. Besides 1o this, the most sensitive stage ol any
crop must be investigated to reduce sever yield reduction
effects. The knowledge of the most sensitive stages of any
crop 1o waler deficit is crucial to manage and apply deficit
irrigation technologies. Identifying sensitive growth stages
of a particular cultivar under local conditions of climate
and soil fertility allows irrigation scheduling for both

water 3 (1)

maximum crop yield and most efficient use of scarce wa-
ter resources. lHence, we found the most sensitive stage
was during the third stage if we irrigate below 50%Etc.

AquaCrop model’s calibration and validation is necessary
for cach crop and in every climate. The results of this re-
search showed that this model is capable of simulating
above ground biomass, canopy cover, and grain yicld of
maize for full supplied irrigation and treatments with some
water deficit; but under sever water delicit ( 25%ETc of
full irrigation), and prolonzed 50% water stress, the model
performed less satisfactorily. According to the validation
or model evaluation results, the calculated RMSE and ME
values were 0.81 t/ha and 0.99 for grain yield: and 1.25 ¢/
ha and 0.97 for above ground dry biomass, respectively.

4.2 Recommendations

The highest yield was found from T6 (8.84 t ha™') by giv-
ing 30% ol crop water requirement during the third
arowth stage which is still - better than giving 100% of
crop water requirement (full irrigation) throughout the
growing season. Therefore, we can recommend that this
application ol irigation water (100%, 100%, 50%, and
50%6) is best for Arba Minch condition.

AquaCrop version 3.1 has adequately simulated the above
ground dry biomass. grain yield, HI, and canopy cover of
maize under various irrigalion water conditions.

There was over estimation of above ground dry biomass
and under estimated of grain yield of maize crop by the
model for treatument consequently subjected 1o water defi-
cit (15) and for the severely deficit treatment (T8). From
this we can recommend that, AquaCrop model is less sat-
islactory simulating reatments with sever or prolonged
water delicit below30%ETc.

Assuming that water is scarce and land is not scarce, the
model has indicated the possibility of obtaining more
grain and biomass from relatively larger maize crop by
applying less water. This result may contribute to food
security improvement through increasing crop yields espe-
cially i water deficit areas,

This research was done one season experimentation (est.
Therefore, to evaluate and validate the model under Arba
Minch condition. It is recommended to repeat the experi-
ment in different woreda’s/ areas under Gamo Gofa zone
so as 1o provide the best deficit irrigation practice for the
end users of the area and places having similar climate and
soil condition.
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Abstract

Due lo various socio-econoniic activities in wrban areas the prevalence of water pollutant and waler quality deterioration
is high. Most water bodies within and around the urban centers of developing countries are already heavily contaminated
dre 1o poor water managenent and widespread negligence of water quality considerations. A long Beressa River various
socio-economic activities and development of indusiries are increasing and hence wasltes are discharged to the river and
the river recenves different effluents from different sources. The objective of this research was to investigate and charac-
terize the water quality of Beressa River with special emphasis to its suitability for irrigation in urban and peri-urban
areas of Debre Berlan. Water sanmiples were collected from five representative points along the river reach every 15 days

Srom April 1o June 2012, The samples were analvzed for water guality parameters such as salinity (EC). Cation of sodium,

caleium, magnesivm and anion of bicarbonate, chioride, and sulfate as well as pH. The results indicated that mast of the
irrigation waier quality parameters investigated in this research showed an increase as the river drains from rural zone to
the urban area aind there svas a significant variation in pH, EC Na', Ca® | CI NO; and B at a significance level of (P <
0.05) benveen sampling poimts. Whereas, parameters such as T, TDS, TSS, K | Mg” L CO;T, HCOy, S0/, PO, and
NH, showed no significant spatial variations (P <0.03 ). The concentrations of most irrigation water quality paramelters
in the sampling stations investigated during the study period were found within the FAO aceepiable timit for irrigation.

Kevwords: Urban and peri-urban, water quality, Baressa River, irrigation
. [ Al ’ S

1. Introduction emphasis to its suitability for irrigation in urban and peri-
With the ever-increasing demand on irrigation water sup- ~ urban areas of Debre Berhan. The impact of the riverA \‘va-
ply, farmlands are frequently becoming irrigated with poor ter on irrigation water quality was assessed by determmm:_z,
quality irrigation water, Waste waters that are discharged the concentrations in the irrigation water samples of Na’,
to wells, ponds, streams and treatment plants are being K, Ff‘yv Mg, B .COs™, HCO; , CI', SO,%, NO5', NH,",
used as a source of irrigation water in several parts of PO;7and the values of pH, EC, TDS and TSS in labora-
Ethiopia (Alemtsehaye, 2002). But the continued applica- - tory- In addition the river irrigation water quality was
tion of poor quality irrigation water is reducing cropland ~ evaluated by determining parameters like SAR, Na %,
productivity. Water quality for agricultural purposes is ~ RSC, Mg %, Pl and LDP of the river water.

determined on the basis of the effect of water on the qual-

ity and yield of the crops, as well as the effect on charac-. 2. Materials and Methods

teristic changes in the soil (FAO, 1994).

_ o : 2.1. Sclection of sampling locations
Debre Berhan is one of the towns in Ethiopia in which

Five sampling stations along the length of Beressa River
at Debre Berhan district were selected to represent the
downstream water quality variations. One sampling sta-
tion was selected at a location at about S km away from
_the town upstream of the river. This sampling station is
located where urban interferences are considerably less.
The other four sampling stations were selected based on
the rate of human interferences, industrial activities, point
of extraction or diversion to irrigation canals and irrigation
activities that are taking place near the river.

various socio-economic activities are taking place. Within
the town industries and organizations like woaol factory,
leather factory, floriculture, Debre Berhan University,
Teachers Training College and others discharge their
waste to Beressa River. Despite the fact that many farmers
and enterprises have been using the river for irrigation for
a long time; no study has been conducted on the quality of
the river into which the effluents are discharged.

The main objective of the study is to investigate and char-
acterize the water quality of Beressa River with special

water 3 (1) 21
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The five sampling stations which are indicated in Figure

2.1 are:

I. BS-I:is located upstream of Debre Berhan town. It 1s
located a1 a place where the urban interferences are
VEry minimal.

2. BS-2: is located below the blanket factory, floricul-
ture and Debre Berhan University.
3. BS-3: is located near the bridge that is found on the

main road from Addis Ababa to Dessic. It was sc-
lected ata point where the gauge station is installed.
4. BS-4: is located below Debre Berhan Teachers Train-
ing College and irrigation project.
5. BS-5: is located below Debre Berhan leather factory.
This point is found at downstream of the Debre Ber-
han town.

2.2 Sample Collection and Analysis

Grab water sampling method was used during sample col-
lection. Water Samples were collected in good quality
polyethylene bottles of | |iter capacity. Samples from the
river were taken from (he fastest flowing part, the mid-
way along the width of the river. Before taking final water
samples, the polyethylene bottles were rinsed three times
“with the water to be collected. The sample bottles were
labeled with date, time and sampling station number and
were taken to the laboratory. Total of 50 water samples
(25 in the morning and 23 in the afternoon) (Table 2.1)
from five sampling stations of Beressa River were taken
and investigated for three consecutive months from April
to June 2012.
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Figure 2. I: Location map of study area ang sampling sta-
tion
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Table 2.1: Water samples collection limeg durip
able 2.1:

and alternoon
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Sampling | Number of Cm o
Stations Samples Col- during duri"cled
lected morning aftey g
(172 Morning + | time @ tilnenonn
1/2 Alternoon) @
—-00 -
BS-1 10 7:00 am, %
- A ] 213
BS-2 10 7:30 a.m, m
BS-3 10 3Wm
BS- 10 svﬁr‘m
- e —— .
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Water samples were analyzed for constituens li
EC, TDS, K', Na', Mg*’, Ca*, CI, SO,*, NO.
NH, and B following the standard procedure for
can Public Health Association (Browen g al,, 1974
APHA, 1985; APHA, 1998). Apart from these pammetersl
sodium adsorption ratio (SAR). magnesium content (M"'
%), Sodium pereentage (Na %), residual sodium Cal'b0na[:
(RSC), permeability index (PI) and lime depositioy Polen.
tial (LDP) were also determined using (he following equa-

ke pH‘
) PO;‘
Alﬂeri.

tions,
¢+ Sodium Adsorption Ratio, SAR

SAR = (2:1)
¢ Magnesium Content, Mg %
MgTT
Uglfc) = - -—| < 100 22
. Mg-T.=Ca~ (2 )

*  Sodium Percentage, Na %
Doneen, 1964 method was used to calculated the sodium
percentage

P NaT - jT
Vo) = e b (233
€a™™ ~Mg=" ~Na~ =&~

¢ Residual Sodium Carbonate, RSC
RIS E0T <+ BOO] — [t Mg=T] o (24)

¢ Permeability Index, P
Pl was caleulateq by the method suggested by Domenico
and Schwartz, 199¢
Na® — HEoT
Cei™™ 3

Pl = , - a2 c
= MG - Na~ > 100 (-"")

Lime Depositio Potential, LDP: The amount of lin

formed s eawvalent 1o the lesser of carbonales
(bicarbonate + carbonate) or divalent cations (calcium +

2
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m) in the water (Bryan et al., 2007).

magnesiu

Note: Concentrations are in meq/L.
— ¥ - i
One way analysis of variance (ANOVA) was employed to

compare the temporal and spatial differences of irrigation
water quality variables (p < 0.03; least significance differ-
ence, LSD). All the statistical procedures were conducted
using statistical product and service solution (SPSS) 16.0
(or Windows. The results that were obtained from the field
and laboratory examination of water samples were ana-
lyzed and interpreted based on irrigation water quality

standards.

3. Results and Discussions
3.1 Statistical Variations of Water Quality Pa-

rameters
One way analysis of varianc
compare the temporal and s

e (ANOVA) was employed 10
patial differences of irrigation
walter quality variables; and the results obtained are shown
in Table 3.1. It can be seen that there was significant spa-
tial variation of pH, Na’, Ca?’. CI'. NOy and B at a signifi-
cance level of (P<=0.05) among the sampling stations.
Whereas, there was no significant spatial variation of T,
EC. TDS, TSS, K*, Mg?", CO;*, HCO5', s0,%,PO,* and
NH,* at significance level of (P<=0.05) among the sam-

pling stations considered.

Table 3.1: Variations of water quality paramelers among stations using one way ANOVA
ANOVA

Parameter Sum of Squares DI Mean Square F Sig.
T 0.97 4.00 0.24 0.04 1.00
Elé 2.19 4.00 0.55 5.53 0.00
= 1“83(116746805 4.00 4516.21 2.02 0.11
o :750.00 4.00 961.75 0.42 0.79
: 4.00 1187.50 1.68 0.21

Eﬂ 9!.16 4.00 22.79 2.79 0.04
e, 5'1450.440_) ;180 2.83 1.05 0.39
A2 .00 135.11 5.38 0.00

Mg 17.46 4.00 4.36 1.30 0.26
HCO3 1697.51 4.00 424 .38 1.49 0.22
Cl 365.78 4.00 91.44 3.39 0.02
SO4 343.38 4.00 85.85 0.51 0.73
NH4 22.28 .-4.00 5.57 1.02 0.43
NO3 0.10 4.00 0.02 6.53 0j03
[I;O4 _ 0.74 4.00 0.19 1.72 0.28
0.01 4.00 0.00 5.85 0:64

l\’lll“lpl n l l'iS()llS 0 rameler: ween 1 i I [ = () ) I easl S f cance l) ”6[6”( [~ l Sl )) also
= Dr. rail I's b(.‘[ 'CCn sal )]”]” Slali() i i

¢ compa S S < 5 = i
I‘e\’ealed lhcll I)l 3 EC; N(l Cll CI‘ ShOW Si"“i | ll“[ v “‘i'\lion b(t e()l S ,l I)I 12 S 11:,' - S- I )Ill 1”“

. L] tl = Cd /arld etween sam | § [IOn B ] i 123
o | - . : ) - 5 and the OIhCI‘ san I]
stations !elnp()la”y [hcle was no Sl:,"IIIf!Cd t variation bet\\’een IllOl‘ning 4 nd ﬂIIEI'nOOn COnCCHllalion OI ”

S a palame[el‘s

investigated except water temperature and pH at significance level of (P<=0.05)

3.2 Physical Water Quality Parameters

19, o I .
Table 3.2: Average morning (M) and afternoon (A) values of physical parameters

Sampling [ T (°C) H =
P EC (ps/
Station | M A MoTR h C'“)A LDS (mg/L) TSS (me/L)
Bsl 14.90 | 19.90 | 7.47 . M a
: : : 8.0 3
= T 58 153.62 | 142.56 | 170.96 | 166.50 | 35.00 | 55.00
BS-3 | T 7.15 | 7.33 | 18822 ] 20558 | 172.30 | 180.50 | 40.00 | 30
4.60 | 2040 [ 714 | 730 | 20436 | 18630 | 207.10 P
BS-4 550 . 178.86 | 40.00 | 45.00
—. m 19.00 | 7.07 | 745 | 203.60 | 185.56 | 188.00 | 168.48 | 50.00 | 105.00
30 | 19.00 | 7.22 | 7.50 | 197.48 | 19348 | 170.62 | 168.00 50-00 2 '
- : : 25.00
water 3 (1)
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values were found at sampling station BS-| ind;
<

. E Ic- .
I 'si ater : : jog in this ; . s . atip
he physical wate quality parameters investigated (he human and industrial activities near this Sam] 8 thyy

study include water temperature (T), pH, electrical con- ion were considerably less. In all sampling Statig " Sa,
Slictiily (EC). total dissalved salidy (RO andgmahsuss M2 ling station BS-2 the EC average valye 18 excerll
peneed solids (TSS), The ADISFARES itlucy 16 ol Fotah Zam'P- |1::0minu time were found greater than ESCO laint:d
. . . . . _ uring 5 i - i

Ing and afternoon time are given in Table 3.2. values measured during afternoon time, a"‘ffagQ

The average temperature values of water at five sampling

stations of river Beressa during the study period varied lues of Beressa River at five o, lj
-
between 14.60 °C 1o 30 40 °C. Stream water temperature  TDS valt Pling

g st
; /L to 207.10 §
. ) - -ied between 1606.50 mg <ULA0 mg/ 4,
varies naturally by both location (spatial) and time  varied b“_ |, The lowest conusnitition of‘%m !dl“!ng the
5 . . . K —— udy period. al d;
(temporal). Daily fuctuation occurs with maximum anAl st | I as found at sampling station BS. | The dISSo[Vell
peratures in the afternoon and minimum temperatures in - solids wé ) . ) mﬂ«‘(un“m
) TDS value was occurred at sampling statigp BS.1 !
the late night or early morning (Boyd and Studevant, , ve found similar lOlIntofEC = Tog
s - ° . X allons were ¢ @
1997). Similarly, average lemperature values of Beressa  concentrali ! _ . C Velugg
: iy ) ing time forall ~ The TSS result of all sampling stations of river g
River water were found lower during morning time for al : N /L 10 105.00 mo/L ) Cresy,
sampling stations. ranges from 25.00 mg. . o 1]11;3 durmg the Study
B i . e st sampling stations the averao ;
The average pH values at five sampling stations of river  period. In mo td P b[‘r o0 g ge Tsg leyey
3 . 3 e [ d hi Fdurmg atternoon time thanp
Beressa during the study period varied from 7.07 to 8.08.  was found higher | Tci,q livels that of mypy,
. . - . ime. The higher TSS levels durine af .
Values of morming water samples were found lower than ing time. The h'bl : interf £ afternogy time
. i ) - . ¢ to human interferences ; .
that of afternoon samples at all sampling stations. The may be resulted due to p R . €SIn the ives
- oo % - . i . i rmng night ti
reason for the temporal variation in PH between morning  during the day time than during night time,

and afternoon time may be due to the increase in carbon

dioxide during the morning time. Water in large cities is 3.3 Chemical Water Qu;llily Parar'net'ers

often treated 10 be "sofi." or more acidic than in rural areas  The chemical water qua,lfly pﬂ]'fmel:ers mvimigalw in g
(Papagiorgio, 2012), Sampling station BS-1 has the high-  study include Na', Ca®', Mg™, K, COoy*, HCo;" o
estaverage pH value of all the sampling stations because ~ SO,™, NH,'-N. PO, -P, NO;-N and B. Average Values
of less urban influences on this point.

these parameters for both marning (M)
Average EC values at five s

ampling stations of Beressa  time are given in Table 3.3.
River varied between 142.56 and 205.58 uS/em. Lower

and afternog (.

Table 3. 3: Average morning and afternoon values of chemical parameters

Station my/L i
Na* Ca” Mg’ K HCOy Cr *l
M A M A M A M A M A M A !
BS-1 9.29 | 920 2596 | 2838 | 399 | 341 | 3.52 | 342 120.15 | 121.10 | 871 | 9.5 |*
BS-2 11.72 | 12.76 | 34.49 | 3093 | 3.94 | 6.07 | 479 537 1 13464 | 14251 | 1347 17.08])I
BS-3 12.44 | 12.66 | 34.92 | 31.18 | 333 | 4.55 | 405 4.70 | 13653 [ 127.10 | 15.06 | 1336
BS-4 12.58 ) 1278 | 5961 | 3330 | 323 | ;.48 478 | 422 | 13097 | 126.10 | 1630 EGAO;
BS-5 12.84 | 12.88 ] 37.46 | 54.20 | 335 | 357 475 | 458 1127273 | 12807 | 16.03 | 15.60 l
Station mo/L
SO, NH,'-N PO, P NOy-N B O,
M A M A M A M TA | m A M A
BS-1 10.02 | 1290 | 0.00 | 000 | 000 E_gn_z_w 0.056 | 0.053 - =
BS-2 16.03 | 1225 | 1.18 | 308 | 029 [ 113 ] 008 | 019 | 0.004 0.032, | - |
BS-3 18.34 | 12.25 | 0.06 | 440 0.06 1 0.06 | 0.28 | 039 | 0.004 | 0.032 IR
BS54 1925 | 1141 | 014 | o000 1 000 1 061 | 025 | 019 | 008 0067 | - | -
BS-5 2145 ] 16.89 | 0.00 | 0.00 &M 030 | 025 | 0.060 | 0046 3 ____l

water 3 (1)
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The average sodium concentrations of river Beressa at five
sampling stations during the study period varied from 9.20
mg/L to 12.88 mg/L. Sodium concentration in Sampling
station BS-1 was found lower than that of the other sam-
pling stations. This is because of the urban influences are
considerably less. Average concentrations of sodium dur-
ing morning time were found lower than average concen-

trations ol sodium during afiernoon time.

The average calcium concentration level of river Beressa
at Debre Berhan District during the study period ranges
between 25.96 to 39.61 mg/L. Concentration of calcium
was found higher at sampling stations BS-2, BS-3, BS-4
and BS-5. which are located where urban influences pre-
sent, than sampling station BS-1, which is located far from
urban area. Average concentrations of calcium during
morning time were found higher than afternoon concentra-
tions in all sampling stations except BS-1. This is similar
to the result of electrical conductivity.

Average magnesium concentrations of river Beressa in
Debre Berhan district at five sampling stations during the
study period varied between 323 mg/L to 6.07 mg/L.
Maximum concentration of magnesium was found at sam-
pling station BS-2, the diversion weir found where efflu-
ent discharges from Debre Berhan University, Debre Ber-
han Blanket factory and irrigation return flows from Debre
Berhan floriculture mixed. The average magnesium con-
centrations of all sampling stations except BS-1 during
afternoon time-were found higher than the concentrations
during morning time. The higher magnesium concentra-
tions during afternoon time may be resulled from greater
human interferences during the day time than during night
time.

The average potassium concentration of river Beressa dur-
ing the study peried ranges from 3.42 mg/L 1o 5.37 mg/L.
Maximum potassium concentration was found at sampling
station BS-2. The higher concentration of the potassium
ions at BS-2 may be related with the raw material used for
blanket and dying agent that contain large potassium con-
tent that gel discharged to the river water. Similar past
study conducted near this sampling station show that the
average concentration was high ie. 9.6 mg/L and the
cause for this is most textile factories release dying efflu-
ents including potassium and other persistent aromatic
compounds (Ermias, 2007). Average concentrations of
potassium during morning time were found higher than
that of afternoon time except at sampling station BS-2.
Laboratory analysis results of carbonate concentration of
river Beressa al five sampling stations showed the level of

water 3 (1)

carbonate on the river was found trace. Whereas, the aver-
age bicarbonate concentration of river Beressa at five sam-
pling stations during the study period varied between
120.15 mg/L to 142.51 mg/L. Low concentration of bicar-
bonate was found at sampling station BS-1 while high
concentration of bicarbenate was found at sampling sta-
tion BS-2. The low concentration of bicarbonate at sam-
pling station BS-1 may be resulted due to less urban and
industrial influences. Whereas, high concentration of bi-
carbonate at sampling station BS-2 may be due to high
urban and industrial influences at this point.

Average chloride concentration levels at five sampling
stations of river Beressa during the study period varied
between 8.71 mg/L. to 17.08 mg/L. Chloride concentration
at sampling station BS-1 was found lewer than concentra-
tions at other sampling stations (BS-2, BS-3, BS-4 and
BS-5). This indicates that there was an increase in chloride
concentrations at sampling stations located where urban
and human interferences are high. There was also tempo-
ral variation in chloride concentrations between samples
taken during morning time and afternoon time. The tem-
poral variation was large at sampling stations BS-2 and
BS-3 because of greater variations of interferences at
those sampling stations than the others.

The average sulfate concentrations of river Beressa at five
sampling stations in Debre Berhan district varied between
10.02 mg/L, at sampling station BS-1 to 21.45 mg/L, at
sampling station BS-5. The high concentration of sulfate
at sampling station BS-5, which is located where Debre
Berhan Tannery Factlory effluent mixed with the river
water, may be resulted due to discharge of Sulfate contain-
ing salts used in the tannery process. Average sullate con-
centration levels during morning time were found higher
than average concentration levels during afternoon time at
all sampling station except BS-1. The dominance of sul-
fate of the anions in river is usually characteristic of acidi-
fication (Chernogacva, 1994). Similarly, in Beressa River
the sulfate concentration was found higher during the
morning because the pH was found lower during the
morning time than that of afternoon time.

Average ammonium level of river Beressa during the
study period at five sampling stations varied from 0.00 to
4.40 mg/L. Maximum ammonium concentration was
found at sampling station BS-3. Higher levels of ammo-
nium at sampling stations BS-2 and BS-3 were due 1o
higher disposal of waste from DBU at sampling station
BS-2 and municipal waste discharge at sampling station
BS-3.
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Higher average concentrations of ammonium during after-
noon time than morning time were found. This high con-
centration during afternoon time is due to the reason that
there is more human and animal interferences during the
day time than during night time.

Average concentrations of phosphate at five sampling
stations of river Beressa during the study period varied
from 0.00 10 1.13 mg/L. The level of phosphate at river
Beressa was low which is below 2 mg/L at all sampling
stations investizated. Similar past study shows that level
of phosphate contamination at Beressa River was rela-
tively insignificant indicating that disposal of phosphate
from domestic and industrial sewage as a washing pow-
der, intensive rearing of livestock and the use of phosphate
containing fertilizer is very less (Ermias. 2007).

The average nitrate level of river Beressa at five sampling
stations varied from 0.02 mg/L to 0.39 mg/L. The concen-
tration of nitrate in Beressa River was found very low.
Like the other chemical parameters nitrate concentration
at sampling station BS-1 was found lower than that of the
other sampling stations which are located in the urban

area. )
The average boron level of river Beressy at Dep,

district at five sampling stations ranges bmW%n o Oerhan

L to 0.08] mg/L during the study period. Bor, 4%
1.

tration Less than 0.5 mg/L is generally safe, o 5.
: s mgAL

is slight to moderate, and greater than | Mg/l ig .

ered severe (Connery, 2011). The boron level ofl‘ive(:"m
essa is much lower than 0.5 mg/L and ji g enery) Bey,
for irrigation purpose in terms of boron concentragjg, afe

3.4 Suitability for Irrigation

3.4.1 Salinity Hazard

Salts in a water sample are measured by total 4
solids (TDS) or electrical conductivity (EC). For
irrigation water the higher the TDS or EC, ¢ i
salt hazard will be. Based on EC valye (salinity

fSSOIvcd
a ‘b'iVL‘h
ghey the

) hazayg)
irrigation waters are classified as very low hazarg (<250

uS/em). low hazard (250-750 pS/cm), medium hazarg
(750-2000 uS/em), medium-high hazard (2000-300¢ as/

Table 3. 4: Average morning and afternoon values of SAR. Na %, RSC and PI

Sampling SAR (meq/L) Na (%) RSC (meg/L) PI (%)
Station
M A M A M A M A

BS-1 5

0.45 0.43 23.22 22.50 0.35 0.29 89.24 86.84
BS-2 - - < .

0.51 0.54 23.50 25.02 0.16 0.30 78.11 8241
BS-3

- 0.54 0.56 24.83 2571 0.22 0.15 80.11 81.59

BS-4 . :

0.52 0.56 23.11 25.18 -0.09 0.12 72.60 79.87
BS-5 0.55 0.57 24.30 2531 -0.05 0.10 74.91 78.94

3.4.2 Sodium Hazard
The sodium hazard of Beressa River water was checked

by comparing calculated values of sodium adsorption ratio
(SAR). sodium percentage (Na %) and residual sodium
carbonate (RSC) (Table 3.4) of the river with standard
irrigation water quality values.

Based on SAR values irrigation waters can be classified as
low (SI < 10). medium (S2:10 — 18), high (S3:18 - 26)
and very high (S4 > 26) (Rao, 2006). The SAR values of
river Beressa at all sampling stations in Debye Berhan
district varied from 0.43 to 0.57, which is much lower
value than 10. Hence, the river water will not have sodium

water 3 (1)

hazard on the crops 1o be grown in the area and it is classi-
fied as low sodium water (S1 < 10). The classification of
river water can be also grouped based on percent Sodium
as Excellent (<20 %). Good (20 — 40%), Permissible (40-
60%), Doubtful (60 — 80%) and Unsuitable (> 80%) for
irrigation (Wilcox. 1995; Sadashivaiah ¢t al.,2008; Nis
hanthiny et al., 2010). The result of sodium percent of
river Beressa revealed that the river water is calegorized
as excellent (1o cood for irrigation.

Irrigation water can be classified into different RSC
classes like class |- low (<0 meq/L), class 2: medium (00
-1.0meq/L), class 3: high (1.0-2.5meq/L) and class 4: Y&1¥
high (>2.5 meq/L) (Stevens, 1994), :

26
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Based on this Beressa River water js classified under class

2: medium water for irrigation based on the RSC valyes
obtained during the study. Such warer may cause some

probrem‘s related to RSC and monitoring of infiltration and
soil pH Is necessary.

3.4.3 Infiltration Problems

To check the suitability of the river with respect to infiltra-
tion problems. both salinity (EC) and sodium adsorption
ratio (SAR) as well as permeability index of the river were
used (Table 3.4).

The mean salinity level (EC) of river Beressa was found
ranging from 148.09 pS/em (o 196.90 pS/cm at and the
mean SAR level was found varying from 0.43 10 0.57.
Very low EC water dilutes and/or leaches calcium and
makes soil agercgates susceptible (o disintegration. caus-
ing water infiltration problems(Bryan et al.. 2007). Re-
gardless of the sodium content, water with an electrical
conductivity less than about 200 HS/em causes degrada-
tion of the soil structure, promotes soil crusting, and re-
duces water penetration (Hoffman and Shannon, 2007).
Water with EC value below 200 uS/em and SAR value
between 0 to 3 s categorized under highly restricted water
for irrigation because it can cause infiltrations problems
(Ayers and Westcot. 1985). Hence. water of river Beressa
is categorized under severe degree of restriction on use.
Such water. with low salinity level (EC) can cause infiltra-
tion problems on the soil and this may create adverse ef-
fects on crop growth and yield.

The average permeability index values at five sampling
stations of river Beressa varied between 76.24 % 1o 88.04
%, while the average total concentrations of salts was
found varying between 4.62 meq/L 1o 5.69 meq/L. As per
Doneen’s classification. the water in almost all sampling
stations lies under permeability class-11 and that of sam-
pling station BS-1 lies under permeability class-111. This
implies that the permeability will be reduced 1o 25 %% of
the maximum permeability of soil if river water from sam-
pling station BS-1 is used for irrigation. Whercas, if river
water is used for irrigation from the sampling stations lo-
cated in urban area, the permeability will be reduced to 75
%o of the maximum permeability of the soil. Hence. the
water of the river in urban arca is better than that of rural
area in alleviating permeability problems of soil.

4. Conclusions and Recommendations

4.1 Conclusions

Most of the irrigation water quality parameters investi-
gated in this research showed an increase as the river
drains from rural zone to the urban area. According to
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USSL (1954) classification, the irrigation water quality of
river Beressa lies under Ci-S\. i.e. low salinity hazard and
low sodium (alkali) hazard. There may be potential prob-
lems related to the bicarbonate and pH values like clog-
ging of irrigation drippers and nozzles when using pres-
surized irrigation systems and hence, lowering the bicar-
bonate level and pH level by adding sulfur or acid materi-
als when using pressurized irrigation systems is very im-
porlant,

4.2 Recommendations

From the rescarch study on *Investigation of Beressa

River Water Quality for Urban and Peri-urban Irrigation in

Debre Berhan® the following statements are recoms-

mended.

¢ Beressa river water can cause problems related to
infiltration (permeability) of the soil and corrosion of
irrigation pipes and equipments. Therefore, soil man-
agemenl practices that increase infiltration of the soil
and techniques to avoid corrosion should be prac-
ticed.

¢ The pH and bicarbonate level of river Beressa may
create clogging problems on irrigation equipments.
Hence, the pH and bicarbonate level of the river
should be lowered by adding sulfur or other acid ma-
terials especially when using pressurized irrigation
methods,

¢ When using Beressa River water for irrigation, it is
better to irrigale during morning time than afternoon
time in order to minimize the irrigation water quality
problems of the river.

¢ Although currently the river water pollution is not so
serious problem, linked to the growth of urbanization
and population there may be increase in concentration
of pollutants in the future. Hence, appropriate moni-
toring and controlling mechanism of pollutants from
different sources is vital.

¢ Further studies should be conducted in different sea-
sons for longer period of time considering other irri-
gation water quality parameters and including soil
samples from different irrigated lands.
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Abstract

Fnergy securitv and environmenial prolection are the major bottlenecks of development policies and Strategies in devel-
oping countries. Renewable energy technologies especially Small‘Micro Hydropower (\MHP) schemes have been identi-
fied as one of the best options for decentralized power generation in rural areas. However, as to other renewable tech-
nologies the power generation cost of MHP developed in conventional approach is not attractive for the stakeholders in
the sector. In this studyv representative site selection followed by intensive field survey was undertaken ro technicallv and
socio economically characterize 1raditional watermills in the shudv area and to determine its feasibility for being up-

graded to eleciric generating MHP scheme. Towards this it is evident that 64% of the watermill

schemes have a benefici-

arv of more than 20 householels (I1Hs) and 53% of HHy in the study area are characterized in having annual income of
more than S403 vr with a capaciiy of paving 80,104 Iowht for efectricitv service. The watermills have a potential of being
upgraded to MIP schemes with minimum and maximum existing capacity of 5.6kw and 23kw respectively. Net head of
L1.Smwhich belongs to more than 83% of the watermill schemes aned a reliable design discharge of 120/iter/sec available
Jfor 80% of the schemes in the sty area is proved to deliver the tvpical energy demand of 126.23kwh’davvillage. Hence,
this article comnnmicates a study result which witl help different stakeholders to develop MIHP schemes in techno-

economically feasible approach.

Keywords: Micro hydropower, Watermill characterization. Socio economics, Sustainability

1. Introduction

Like other Sub-Saharan African (SSA) countries (he lion's
share (~94%) of the rural housechold cnergy demand in
Ethiopia is supplied by non-sustainable provision of bio-
mass which was yet characterized by 78% supply defi-
ciency in 2004[1]. Energy supply for the agriculture sec-
tor. which supplies more than 50% of the country’s GDP.
is 100% from imported petroleum. In the Millennium De-
velopment Goals of SSA and the Growth and Transforma<
tion Plan (increasing total electricity access from 41% in
2010 to 73% in 2013) of Ethiopia. increased access 1o
modem cnergy in all sectors is one of the pillars. In most
instances the possible role of small scale hydropower has
been recognized. as in the new draft for energy strategy ol
the World Bank that does specifically highlight small
scale hydropower as an important component of future
World Bank activities in Alrica |2]. Small Scale hydro
power is recognized as one of the most viable sources of
clean. renewable and abundant alternative energy  re-
sources for sustainable development in isolated rural arcas
of SSA countries [3]. In addition (o policy and financial
1ssucs. the major phenomenon hindering the large scale
utilization of Small/Micro hydro power is a missing
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awareness on renewable cnergy uptake by political, gov-
cmment and regulatory entities in the least developed
countries [4]. Estimated economic potential of hydro-
power in Ethiopia is between 135 to 30 GW. However. only
a small proportion (~ 2 %) is developed to date. The total
potential for Micro- and Pico-hydro power is estimated to
be 100 MW and most of this is located in the western and
south western areas of the country [3].

Oromia regional state with a total area of 332.632km".
population of more than 23 million living within around 4
million households has the highest investment potential of
MHP and has available potential of 35MW with only
8.6% of the population in the region having access to elec-
tricity [6]. There are few small scale hydropower schemes
developed by involvement of government entities and
mainly funded by international multilateral organizations
based in the country [7-9]. However. these schemes are
claimed to have difficulty in convinging their customers
and private developers on (heir techno — economic feasi-
bility as they arc developed following the conventional

approach consists of 1mporting many system component
parts from abroad.
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The scarch for alternative approach of small scale hy d{O-
power development in Ethiopia is strongly backed up with

the availability of more (han 600 traditional \\[]lCrlllil!S Viest
that could be upgraded for power gencration [10]. This WWelloga
study is aimed (0 review the current status of the 1mc_il- — \\.
tonal watermills in southw cstern Oromia and analyze 1ts Kelem “r

lechno-cconomic characteristics with regard to upgrading
for clectric generation scheme i techno-cconomically
feasible and sustainable approach.

2. Study Approach
2.1. Description of the Study Area

The study covers 2.320HHs in and around 24 watermill
silcs purposively selected from five zoncs (East. West and

Wellegas
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—
it ff
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+

Y
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Kelem Wallega. Jimma. [luababor) and 16 administrative

Figure 1: Location map of the study areq

study arca is found in a position of 7° N . 10° N latitg
waredas in south western oromia. Geographically the  and 34° - 37° E longitude. :
Table I: Location of the river strcams used for the characterization of watermills

Zone Wareda Kcehele Village River

Bedele Teba Chabali Sota Sola
Hluababor B Gema Gamada Tcba Tcba

Meltu Tobecha Janel Kceber

Suphic Wavuu Wavuu Wayvuu

Bure Scchaa Sechaa Goree

Mana Kore Lelisa Turchi Chedo
Jimma Scka Buvo Chala Hursa Hursa Gibe

Scka Boba Roge Abono Abono i

Scka Boba Roge Meii Meli

Shcbe Lcku Migra Hemexo Duko

Gera Gangi Chala Gurc Ganji Alla

Wavvu Tuka Migna Kura Kiltu Bala Fite
E/Wallaga Wavyvu Tuka Migna Kura Tube Hadhesa

Wavvu Tuka Gutte Badiva Lalisa Tatlo

Wavvu Tuka Gida Aballo Warago Allaltu

Diga Gudisa Dirc Homi Maka

Jarso Babo Torban Tulu Balla Gumgum
W/Wallaga | Boji Dirmaji Bikiltu Dila Lalistu Dila Dilla

Lalisa Jeto Sandabo Gabi
Manasibu Haro Korke Gambela Melka Alati
Avra Lelisa Birbir Birbo Birbo
Avra 01 [ffa Dovvo Dovyo

K/Wallaga | Scyvo Kure Gavib Dovyvu Otta

Jima Horo Keto Melka Kelo Keto
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2.3. Data Collection and Analysis

Different approaches werc used for collecting primary
data from the purposively selected schemes. For the socio-
cconomic and technical data semi structured questioners
and interview check lists were used. Morcover. standard
instruments (GPS and Digital Flow mcter) are also used
for measuring significant technical parameters in cach of
the twenty four schemes. Both the qualitative and quanti-
tative data is analyzed using descriptive statistics method.
Result and Discussion

3. Results and Discussions

3.1. Socio-Economic Characterization

Encrgy access is limited in the study arca and it is a boltle-
neck for sustainable development as the only supply of
modern energy is EEPCO's grid. Utilization of locally
available resource for clectrification of (he rural HHs
should be of high priority. Efforts (o develop infrastruc-
turcs like road and (clephone service could be taken as
inputs to develop MHP since they bring (he local supply
centers 3km - Skm to the load centers. Average length of
power transmission line is 360m with the minimum and
the maximum of 430m and 1.2 km respectively. More-
over. the sctilement of the beneficiary HHs is characler-
ized as shown in Figure 2.

Warerm:!l Classes based on Populaton of HHs ‘Scheme

Dauely (> 200 HH; )

pay (CTP) and willingness to pay (WTP) of the benefici-
ary HHs to the service and development of MHP scheme.
C’i‘P is considered in terms of avoided cost of energy. Fuel
consumption of kerosene lantern is 0.02kg/hr [11] consid-
cring single device per HH with a working time of 5hrs/
day and kerosene price of 24ETB/kg in the study area the
a\’;)ided cost is calculated to be 2.4ETB/day [1.92ETB/

kwht].

HHs Characterisoes base on level of annual income
P OSSN S ey e o "'f—_\“ — 5P
so% h e | bl i ~ 4 L
| 2| | 1
L7 = *
Y |
; do | f | g 0,000ETR/yr 3
] az | | { i 5
g 3% | e ¢ hap.7smETBAr i !
¥ | 15% | w ! :
g 20% g | g f.o12% .
: [ o M | | !
£ 10% 1 2500-500ET8e | e . >10,000€TB/yr __)
0% an e o —
Poor Middle class Good Rich
HHs category based on annual income

Figure 3: Nature of the beneficiary HHs based on their
Ievel of annual income

The HHs willingness in paying for the service and devel-
opment of MHP scheme is a direct implication of their
awarcness level and HHs income level is a determining
factor for the level of awareness. In this regard out of the
total HHs 23% has shown hesitation for participation and
78% of which are from poor income HH group. Of the
watermill schemes in the study area 68.56% are functional
and majority of them arc owned by private farmers. The
three dominant ownership tvpes for the watermills and
their implication on functionality are summarized in Fig-
ure 4. The study on the ownership modelFig. 5 used for the
existing clectric generating MHPs revealed that it has ma-
Jor drawbacks with regard to lack of appropriate follow up

which results in lack of project techno-cconomic sustain-
ability. '

Figure 2: Characteristic nature of beneficiary HHs in the
study area

Agriculture [Colfee and Chat] is dominant [83%] source
of income in southwestern oromia. However: trade. pot-
tery and wood processing can also be taken as additional
source. The HHs in the study area is characterized as
shown in Fig.3 based on their annual income. Apart from
level and source of income: parameters of significan( im-
portance for the watermill upgrading are the capacity to
water 3 (1)
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Figure 4: Relationshi p between watermill ownership type
and functionality .
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Public private partnership |PPP] business model is appro-
priate for MHPs (0 be developed in the study area. How-
Cver. awareness and expericnce of using this model is very
limited among all stakcholders in the sector. In this l‘_CST”d
a new ownership model (Figure 6) is proposed in (rving (o
avoid the lack of techno-economic sustainability of the
projects through injecting more public cntitics in to the
model. However. it is in need of more cffort from all par-
ties involved as it is new for all stakcholders in the scctor.

Community
Privats Farmers Elsct2d Electnic
Ass, Beard

3.2. Technical Clmracterimt:on :

Encrgy demand of lhe_HHs m_lhe study arca y,
malcd' considering a l,\'P‘f—‘ill “PP“HHCCS l}Scd m.mm] oy :
lold. small clinic and primary school \?Il]] thejr ‘“i"imum
standard. Morcover. the load proﬁlp (I_? 1gure 7) wyg devel
oped using the estimated demand indicating (| bas

sz e
peak demand of the HHs 1o be 5.75kw /day apg J knd
day respectively.

Electe
Canaraop

=
Ne b
3
:
b
<
e
o
G
Use

Figure 6: Newly proposed MHP ownership mode]
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Figure 7: Load profilc of typical HH in the study

In upgrading watermills in (0 MHP schemes hydraulic
head and discharge are the (wo significant technical pa-
rameters. The watermill schemes in the study area are
categorized in (o three based on the available head as
shown in Fig.8 with the minimum
7m and 26m respectively.,

The design discharge is taken from dry season measure-
ment of the river streams as none of (he river

and maximum being

s in this study
is gauged (ype. Hence. the watermills were classifieq

based on the reliable discharge in cach stream

as presenied
in Figure 9.

water 3 (1)
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Morcover, (he hydraulic power from the watermills that
could serve both mechanical and clectrical purpose is de-
lermined in taking (he average of the hydraulic head loss
interval (5% -10%) and turbine clficiency of 50% [12).

Cosl competence of the upgraded scheme is much influ-
enced by its distance f rom the grid. as (he scheme is nearer
to the grid its feasibility for electrification drops and rather
be considered for productive use. In (his regard (he study
indicated that more than 88% of the watcrmill schemes

?Ould be upgraded for clectrification at least for (he com-
INg seven to (e years.
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Figure 10: Watermills classified based on their capacity in
the study area
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ation and pro-

Figure 11: Location of watermill schemes with respect to
the national grid

1
Table 2: Nature of watermill's diversion weirs in the study area

Type Material Life span Cost Effectiveness
Shrubs and One vear Negligible -| Poor quality

Type 1(25%) | piece of wood Continuous repair and maintenance
supported by Very cheap
small gravel Simple to construct and maintain
Tim- <Threeyears | 250 ETB/ | Moderate quality

Type 11 (55%) | ber .gravel mup (o Used in smaller and medium steam
and stonc

+75ETB/m | Require lower level skilled man power for con-

struction and mainicnance

Type HI (20%)

Stone ma-
sonry

>Ten vears

More than
3500ETB/
m

Good quality

Expensive

Difficult to construct and maintain with local
skill and knowledge

N.B:

water 3 (1)

The percentage distribution of cach tvpe in the study
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area is indicated in the 1 column
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3.3. Components of Watermills

Watermill components are other important aspf'iclijol::;l;
will set a significant difference between U.le cony cn' .
methods of MHP development and upgrading o~ “1? the
mills. In this regard 52% of the civil components O 11‘
watermills in south western Oromia could be used for the
upgraded schemes with slight repair and maintenance.

Y

ii. Headrace Channel and Forebay |
ii. ; qdrace channels arc characterized 4 i
ez:lrc:he:\e‘chamwls with an average length of .650“]. ?ne]d
mum and maximum lCl:gth Ofllhcselcﬂnals e h
| 8km respectively. 84% of them have |e akage s
which lead to significant pow?r loss dm.a i asggcialw
water loss especially for electric generati on

The channels have good compatibility with e jocy e
ronment and arc more stable. The mel;ﬁClenCY of the oy,
bay is accountable for more than 30% water o

o ) in the

i. Diversion Weir d o watermills and they exhibited the follomng dra“'backs
: . o e . ted 11t '
The diversion weirs in the study area are construc tine {he overall system
ieally  affecting
locally available material and skill in techno-cconomically
Justifiable manner. The following table is developed 1o
characterize these structures based on their cost and dura-
bility perspective.
& s i ik i r area

Table 3: Summery of fore bay inefficiency and their impact in the study ¢

- —_—

Impact on the overall system
Fore bay drawback —]

They have no defined cleaning mechanism

Provides no settling function

The thickness and overall size of the penstock and the run-
ner are enlarged so that they could sustain the impacl

Creeping in large amount of energy loss
Reducing the life span ol the mechanical components
Overall effectiveness and elficiency of the system i

significantly reduced

In reducing technical complexity and achieving cost effec-
tiveness, il is advantageous (o usc a single structurc which
can serve both as settling basin and fore bay for such
small capacity schemes [12]. This study indicated that it is
mandatory to construct standard but economical forebay
structure to keep the techno - economic feasibility of the
schemes viable and sustainable.

iii. Penstock

In a typical MHP development project a civil work stryc-
ture that consumes the third largest cost in the overall §ys-
tem is the penstock [12]. Hence. it was possible (o classify
the penstocks in watermill schemes based on their con-

struction material which has a direct impact on their cost
and durability.

Table 4: Characteristic nature of Penstock classes in south western oromia

No | Class Malterial Est. Cost Est. life Effectiveness
span
Suscepltible (o leakage
1 f.,l,afif A | Old Barrel | 84 ETB/m 7years | Once damaged difficult (o maintain and reuse
29 Difficult to get Old barrel for this purpose
Moderate frictional loss
) Easily damaged by water flow
2 ?;agg;B V\lf(;)zd an;i S58ETB/m | 4 years Difficult (o main(ain
6% old barre Leads deforestation
No flexibility 1
High frictional loss — |
’ E;aig; c Sheet Metal | 867ETR /m >15year Lgf;lgl,é\relli.‘fee-s\;'illmw
27.2% s Le_ss frictional loss
. Minimal ¢ffecy by the water —
N.B: The percentage distribution of each class in the study area is indicated in (] 1" col
A 1¢ 1™ column
water 3 (1) L
il
Cenerated by CantScanner fromintsig.com




4. Conclusion

For any sustainable development to be successful three
major factors nced (0 be in an optimum harmony: Energy.
Economy and Ecology .Encrgy acccss and consumption
level is an indicator for the wellbeing and development
level of a Houschold [13].In this regard it was cvident
from this study that more than 78% ol the rural housc-
holds in southwestern oromia could be clectrified using a
local renewable energy resource through upgrading of
(raditional watermills. The socio-economic study indicated
(hat social and cconomic situation of the HHs in (he study
arca is well suited for community oricnted development
practice with more than 53% of the HHs having an annual
income of more than $ 405/yr. Morcover. they currently
have an energy expense of $0.104/kwht for lighting scr-
vice only. Technically. more than 76% of the watermills
could be upgraded to deliver minimum of 10kw power
and serve a 178% demand increase from the current situa-
tion. Finally. using the ncw approach of MHP develop-
ment from upgrading traditional watermills a minimum of
18% generation cost reduction could be achicved in using
52% of the civil work components in the watermill for the
upgraded MHP scheme with complete replacement of the
clectro-mechanical components.
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rrigatton s ,-/) 4 [Hh” Y18 an e '_\'()”””/ (,{1’[‘, water n

Jer 1o apply for a given crop in order 1o maintain Oplinmuyp, lang
crops. Jtis a plan to determine when and how much water i ion water requirement and irrigation Schedyljy,
. : i > jrrigation . 0
growth. . Field experiments were conducted to determine the waion during 2010 and 2011 irvigation seasons, Irr'ig
onion at Ribb in [Fogera district and Kobo areas of the AAmhara reg w ing CROPIVAT version § 4
i ; ) o s onion was determined using - Ston 8. In the JSielg
tion requirement and optimal irrieation scheduling for onic ' _ : ies were sel
. g irvication depths and irrigation frequencies were selected on fhe base
verification trial, combination of different levels of irrigation depih. . | lingly, 4 and 7 days irrigati :
A . “111S. ‘COr¢ \ L intey.
of CROPIVAT model and local water application experiences of the farmers. :ccc , L,'m,,,,(,,,,s. s Fo,, infeld
; -ale len ire 211
vals and four fixed and one variable irrigation depths were combined (o g()m’)iﬂ 3(0 I 38 mm irrigation d og/em 4
- oo 3 11¢ 38 D irr, on .
Kobo research station, combination of 5, 7, and 9 davy irrigation infen als and 23, 30, a i ]i' . aepths yep,
- ; " ; ' 3 o0 1 ications at Ribbh anc ono res, )
used. The treatmerits were arranged in RCBD and factorial RCBD with three wp/lcaml ; : ; “pectively
: > ) ; - B Agronomic parameters yy,

Onion (Bombay red varien: af Ribb and Adama red varien: ai Kobo) were planted and Ag : _P . els Were ¢l
i " ) i o 7 0 Vears :has shown significant di i

lected and subject to analysis using SAS software. The results of the two vears study has sho £ f difference i,
' L ] 5 v % " » ) > o 2 . :

marketable and 1o1al vield as well as the water use efficiency. Since vear aid year by treatment effect is Significant for
onion, the results could not be combined over vear both ar Kobo and Ribb. Therefore, at Ribb, im/e{;em:’em resuits shoy
; 2 s ’ y 2 -1 300-35 B i 3

that application of 33 mum irrigation water at 7 days interval gave 20.0-34.0 1 ha, 20.0-35.0 t ha™ and 4.0-7.0 kg ni
marketable vield, total vield and water use efficiency respectively. Ilhereas at Kobo, independent results of the two Years

- : . . - , ). g » = o -7 L 3 ¥
show that application of 38 mm irrigation water at 7 days interval gave 17.0-27.5 t ha™, 17.0-28.0 t ha™ and 3.2-5.3kg m
* marketable Yield, total vield and water use efficiency respectively. lrrigation water requirements of onion were Jound to
be 462 mm and 570 mm corresponding to 14 and 15 irrigations at Ribb and Kobo respectivelv. Therefore, in order 1o gi-
lain an optimum vield and vater use efficiency, at Ribb and Kobo arcas onion can be irrigated with 33mn water qt 7 days
interval and 38 min water ar 7 dayvs interval respectively.

Key words: Irrigation scheduling. Onion, Kobo. Ribb

1. Introduction tive to water stress. Regardless of the type of irrigation

sysiem used. both yield and quality can suffer if irrigation

In Ethiopia. the population is growing rapidly and is ex- is delayed and available soil moisture is allowed to drop
pected to continue growing. which inevitably lead (o in- 0o low (Shock et al.. 2010). Studies made in Turkey gave
creased food demand. To maintain sclf-sufficiency in food  clear proof that the bulb angd dry matter production of on-
supply. one viable option is (o raise (he production and ion were highly dependent on appropriate water supply
productivity per unit of land through irrigation, Proper (Serhat and Cigdem, 2009).

amount and timing of irrigation water applications is a

Among the common irrigaled vegetables, onion (Aflium
crucial decision for a farm mana gerto meet the water cepa L.) shares the largest in both area coverage and local

needs of the crop to prevent vield loss and maximize the consumption in Ethiopia. Particularly, it is the popular

irrigation water use elficiency resulting in beneficial use vegetable grown under irrigation in most of the traditional

and conservation of the local water resources (Richard and the recent moder irrigation schemes in Amhara re-
ef.al 1998).

gion. However. (he largest production of onion is not sup-
ported with improyeq water management practices to im-
prove its Productivity and bulb quality. There is lack i
location specific research results of how much water and
when (o irrigate onion,

Onions need frequent irrigation to maintain high soil
moisture. Irrigation scheduling highly matters in onion
production. This is because; onions are extremely sensi-
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The objective of this study was (o determine the crop wa-
ter requirement and irrigation schedule of onion grown
under irrigation [or specific localities of Kobo and Fogera
Woredas

2. Materials and Methods

2.1. Description of the study area

The experiments were conducted at Ribb and Kobo irriga-
tion schemes for (wo years (2010 and 2011). Ribb is lo-
cated at about 60 kilometres from Bahir-Dar city (o the
North-East dircction in Fogera woreda. It is situated at
37"447°55" E longitude and 1158745" N latitude at an alti-
tude of 1800m above mcan sea level. The average annual
rainfall of the arca is about 1118 mm. The mean maxi-
mum and minimum temperatures are 27.3 °C and 11.3°C
respectively. The highest temperature (29.5C) of the arca
occurs from February to May. The lowest temperature
(9.8"C) occurs only in January. The soil type is generally
Fluvial in its nature,

Kobo rescarch station is located at about 50 kilometers
from Woldia town o the North-East dircction in Kobo
woreda and situated at 12.08" N latitude and 39.28" E lon-
gitudes at an altitude of 1470 m above sea level. The 13
vear mean annual rainfall is about 630 mm and average
and maximum daily reference evapo-transpiration ratc of
5.94 mm and 7.69 mm respectively. The soil type in the
experimental site 1s silty clay loam with average FC and
PWP of 11.5% and 3.2% on volume basis respectively.
The site is characterized by average infiltration ratc of 8
mnvhr and pH value of 7.8.

2.2. Experimental setup
The cxperiments are conducted in two phases.

Phase One: Estimation of net irrigation requirements
and optimal scheduling

CROPWAT version 8.0 for Windows was used to gener-
ate the crop water requirement and the irrigation schedule
for onion in the study arcas. Calculations of the crop water
requirements and irrigation schedule were carricd out tak-
ing inputs of climatic. soil and crop data. In order lo csli-
mate the climatic data (wind speed. sunshine hours. rcla-
tive humidity. and minimum and maximum (emperaturc)
local climate estimator software (FAO, 1992) was used at
Ribb where there is no class A mctcorological station and
1o estimate missing data at Kobo. The estimator uses real
mean values from the nearest neighbouring stations and it

water 3 (1)

interpolates and generates climatic data valucs for the
study silc. Assuming 90% and 80 % application cfTiciency
at Ribb and kobo respectively, the gross waler require-
ment was calculated.

Phase Two: Verifving the CROPWAT generated sched-
uling in the field

Principally. CropWat outputs gencrated by default were
used (o identify irrigation timing of when 100% of readily
available moisture occurs and application depth where
100% of readily available moisture status is attained. To
verify this model output. ficld experiments were carried
out for two consecutive years al Kobo and Ribb. Rainfall
data was recorded for the experimental season and calcu-
lated to be usced and daily adjustment was done when there
was an occurrence of unpredictable and too much amount
of rainfall than the predetermined irrigation depth.

Based on the model cstimation and farmers (raditional
practice in the arca. at Ribb two irrigation intervals. i.c. 4
and 7 days were selected. The amounts of irrigation depths
were sclected systematically depending on these two inter-
vals and total length of growing period (LGP) of onion.
The treatment is composed of treatments with four levels
of fixed depths at all stages. and one treatment with vari-
able depths at four onion growth stages (initial stage. crop
development stage. mid-season stage and lale scason
stage). These Nive water levels were obtained independ-
ently for 4 and 7 davs irrigation intervals. A total of 10
treatments which is a combination of irrigation depth and
irrigation interval were selected (Table 1). Fixed applica-
tion depths were included in the treatment purposely. This
is because; they are casily taken by farmers as compared
lo the variable depths which need frequent adjustment
throughout the crop growing season.

Al Kobo. the CROPWAT generated average depth and
interval was 30 mm and 7 days. A factorial combination
of three irrigation intervals (3, 7. and 9 days) and three
irrigation depths (23. 30, 38 mm) were used which are
based on initial estimated CROPWAT generated depth
(CWGD) and plus or minus 25% of the optimum depth
(Table 1). The experimental design was simple RCB at rib

and RCB factorial at Kobo with three replications.
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Table 1. Treatment setup for the experiments donc at Ribb an

d Kobo in 2010 and 2011

Kobo TN
Ribb [rrigation Irnga- Seas
ieati s Scasonal | Irmg ) Scasong]
i gilion Irrigation Depth (mim) irrigation | Inter- tion Depth irigation
ments Inter- i) val (davs | (mm) (mm)
[ :al (days) = 5 5 3(: 6?3()
2 1 = 500 7 £ 430
3 i = 600 9 30 390
] 1 = 675 5 & 183
= = o= 23 345
N 20 (initial stage: 20 days) 559 7
27 (dev. stage: 30 days)
24 (mid scason stage: 30 days)
4 ’ 7 age: 15 davs) =
= : IZ (late season stage = 5 > 295 ———
7 7 162 5 38 798 o
1Y) —
8 7 37.5 525 7 38 570 . 5wl
¢ - : 9 38 494
9 7 10 560 —
e vt 502
o 33 (initial stage: 20 days) 302
37.5 (dev. stage: 30 days)
40 (mid scason stage: 30 days)
7 31 (late scason stage: 15 davs) iy

The field experiments were carried out from December to
Aprl at Ribb and from February to June at Kobo. The test
crop was onion. variety Adama red at Kobo and Bombey
red at Ribb. was planted on 1.8 m by 2 m plot size at kobo
and 2.4m X 3m at ribb with 40 cm spacing between rows.
20cm between plant rows and 10 cm between plants in
double rows. DAP fertilizer was applied at a rate of 200
kg ha at planting. And 100 kg ha™ Urca split applied half
at planting and the remaining half 45 days afler planting.
All the agronomic practices were cqually donc for each
treatment.

Agronomic data such as stand count. total bulb vield. mar-
ketable yield. bulb diameter. bulb weight. and unmarket-
able yield were measured. Imrigation water productivity
(IWUE) was calculated as the ratio of crop yield
(marketable yield) and irrigation water applied (IW).

3. Results and Discussions

Some of the physical and chemical properties of the soils
of the experimental field were analysed. The laboratory
analysis result is presented in table 2.

As it is presented in Table 3 and 4. the ANOVA result
shows that treatment and trcatment by vear interaction
effects were significant for most agronomic parameters of
onion at Kobo and Ribb.

water 3 (1)

Table 2. Selected soil properties for the study sites ( Ribh
and Kobo)

Loca- Dcpth  pH EC mmohs/g % AVK
tion (cm) OM  mgy
kg
Kobo  0-30 8.05 0.125 4.25 049
30-60  7.60  0.09 3.63 0.36
Ribb 20 6.02  0.042 3.29 0.52
40 396 0.047 3.12 0.52

Where: EC- electrical conductivity. QM-
Av K-available Potassium

Organic matter,

3.1. Results at Kobo

The ANOVA Table 3 shows that the two year results and
their interaction with the treatments are significantly dif-
ferent, Accordingly. the results of th
cussed scparatcly. Even though the optimum scasonal
irrigation water requirement was 450 mm applied in 15
irrigations. (he ficld experiment verified that the irrigation
requirement should be increased up to 570 mm in 15 irmi-
gations at Kobo, Though irrigation requirement is highly
location specific, similar study on onion done in Turkey
showed that seasonal waler requirement ranges from 350
10,450 mm for optimum bulb vield depending on the envi-

ronmental conditions of eacly vear (Halim and Mehmet.
2001), f

¢ two years were dis-
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ANOVA for marketable, unmarketable, total yield and water productivity at Kobo (201

0 and 2011)

Table 3.
Mean Square e

Source Df Marketable vield Total yield | Bulb Weight Bulb diameter Water productivity
Yr | 1.944%* 0.934** 2| 2% 0.0975** 0.204**
Trt 8 4.1 25%* 1.982%* 4.49% 0.2069** 0.433*

; - 3 0.0548 0.210
Rep(Y1) 4 0.698 0.923 1.07
Yr*Trt 8 5.834* 2.803% 6.35% 0.2926* 0.612*%*
Error 34 3516 3.433 7.78 0.3583 0.749

Where: Yr-year, Tri-treatment, Rep — Replication , Df - Degree of freedom an

d ** highly significant

Table 4. ANOVA for marketable, unmarketable, total yield and water productivity at Ribb (2009/10 and 2010/11)

e Mean Square :
Bulb Water productiv-
Marketable yield Un marketable Total yield(t Weight ity )
Source dr (thah Yield (t ha") ha™" (gm) (ke/m”)
v | $56.7%* 34.7** 869.4%* 5360 18.5%*
[ Tret 9 45.4** 2.7+ 41.4%* 183.3 3.6%*
Rep(Yr) |4 2.9 2|+ 2.97 278.2 0.09
Ye<Tret [ 9 | 35.01% 3.1 29.1 284.3 L
Error 36 159 0.4 2.07 85.4 0.057

Where: Yr-year, Trt-treatment, Rep — Replication, Df — Degree of freedom, and

In 2011, the overall productivity was high as compared to
the first year. All agronomic parameters respond signifi-
cantly to water application depth at different application
intervals (Table 3). Maximum (33.7 t ha'y and minimum
(19.3t ha™') marketable yield was obtained by applying 38
mm every 5 days and 23 mm every 9 days interval respec-
tively. With respect to the WUE except the application of
38 mm every 5 days, all have comparable WUE ranging
between 4.3 and 6.5 kg m™. The highest WUE (6.5 kg m’
%) was obtained at 23 mm every 9 days and the lowest
WUE (4.22 kg m™) was recorded by applying 38 mm
every 5 days interval. The highest bulb weight (72.7 ¢)
was obtained by the application of 38mm every 5 days
followed by the application of 38 mm every 7 days (70.0
g).

[n general, although there is highest yield of onion by ap-
plying 38 mm every 5 days, the water productivity was the
lowest. Study conducted at Melkasa Research Centre also
showed 50 mm of water application at 3-6 days interval
gave the highest yield with the optimum water use effi-
ciency (Lemma and Hearth, 1992). Therefore, considering
the two year results the optimums marketable yield (16.8 t
ha', 27.6 t ha') and WUE (3.21, 5.33 kg m™) was ob-
tained by applying 38 mm every 7 days in 2010 and 201 |
respectively.

water 3 (1)
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1 *##* highly significant

3.2 Results at Ribb

As can be seen in table 4, year and year by treatment ef-
fect showed significant difference at Ribb. Hence, we
can’t use the two years data for combined analysis. Gener-
ally reduction in the amount of most biological traits
(vield and yield related traits) was seen during the second
year. This is primarily due to the occurrence of pest (onion
trips) during the irrigation season in the area.

Even if the values/results of the biological parameters are
low as compared to the previous year, the trend is more or
less similar in the two years. Summarized results of se-
indicated be-

lected are

low independently for the two years in table 6 below.

parameters

The irrigation water requirement of onion at Ribb was
found to be 462 mm. As can be clearly seen in Table 6,
almost all biological parameters respond considerably for
irrigation depth at a given irrigation frequency.

There was statistically significant difference in mean val-
ues of marketable yield. Application of 33 mm of water at
7 days interval brought the highest marketable yield of
33.8 and 19.0 t hain 2009/10 and 2010/11 respectively.
The least yield of 19.5 t ha™ in 2009/10 and 14.9 t ha™' in
2010/11 was obtained with the application of 20 mm irri-
gation depth at 4 days irrigation interval. The unmarket-
able yield is also statistically significant.

39

Gener ated by CantScanner fromintsig.com



s 9'6S 448 Ly'vc cm.va’ 08°'sT _ £95°¢ \ 8CCI ﬁ 8ECI \ €9 11 N ueatu
su su £LS°0 06°L 8L €co’L _ $65€°0 ‘ 1"0cece \ £t ‘ v0'¢ h pPs1
S8l v ol ¥'9 L8l £81 6°¢l 8¢ ﬁ 991 \ 99] \ Y ‘ %A
06°S 6679 qu LTS eC1°6T e C1'6T q 6C°C 2q \ £5E “ p PC L \ 2 €711 \ skepgwiige
("% LLEL ¢ £8°C 29°CE s 9976 _w10°¢ e OV'€C ‘ L 0l't \ qe P6°S| \ q: €091 \ sdepciuruige
£es d LO0L q 0S°S e CS'LT v 06°LT e [T€ Qe L6°ST _  £8°¢ % e 6L°91 \ e £8°91 X skepy ‘wwgge
059 , v0'9S qu L0°S £C61 > b6l e 98°C ,08°61 ‘ p L8'T \ 12 €59 ‘ ap 578 x sAepg‘wiwey
S6'y ’ SELS 2q 00°S eV €T q CO'ET pq $0'C sqe L8'TT _ P> mm.rL ap VL6 \ p 16°6 \ mzwﬁm;::_mu
009 , 50°CS 5 06'F aqe CP'0T sqe 69°0C p 6L°1 2 £1°TT p LV'E “  L6'S \ 2829 \ SAep/ ‘wiugg
0T'¢ ﬂ SL9Y ARy »qel 1°0C aqe 9C°0C q VET 2 0L71C 2 0§°€ k 2 V6'8 _ o 716 \ sAepg e
0€y 8179 qu LTS e8L°9C q 60°LT s E1°C q 09°8C 2 £9°¢ \ e SO°€N \ eV €l \ m\amvm..:::omQ
69'v 19°9¢ 20 00°S 2061 2 $1°0T » 60°€ q: 09°6C 2 08°¢ _ pag S6°CI ‘ q CEl ‘ m?cm,:::oml‘
(cw/By) (ws) (wo) (,ey1) (;w/3y) (ws) (wo) (,ey) (,ey1)
Awanonpoid | jySiam ‘BIp pra1k (,.ey1) Auanonpoud | ySiom | sarewierp platk JEINY
Jaem qing qIng dlqeidnelN | paik w0 .._m_m>> qng qing 3|qelay.ley [e10 ] sjuauneal |
1102 0l0c

0903 1B | [0T pue 010z ut Kytanonpoad 1ajem pue jygiam qnq

23auwelp qinq pjaik ajqereyew ‘PIa1£ qInq [e101 jo sanjea

UBdN G 3|qe]

water 3 (1)

=
~-r

Gener ated by CantScanner fromintsig.com




ciL | oeue pTE ] TL 106 6'97 scy | 8t Tt UBIN
¢l 170 66€°0 8¢'C 50T 191 r0 1Zro | 9s°¢ 87T (50°0) PS]
gzl LS Ak 9'L 56'9 p0l <6 b9’ g’ Ls (%)AD
(wurpg
0'6L BL'CT qre | ovaLgl LRI pqL'T6 vge | apLe | ag6l PLLI ‘wwgp wwgL ¢
‘wwee)-aL | ol
¢le | vagTz | Jsz | 99pagsl | 29091 | dwq9iol | ecpe | uge | 99U | T el 8
1'L9 29°0¢ 5TC [ o%pq9'8l | oLl pL'S8 oSz | opr | 9pssT I waieLedl | g
CC=
g9 2qg° 7 907 eC 0z 206 el POCT 0LO'L _— vgcc wwee-q. /
I'89 | oqilz | e8| 496l vepl pges | vacie | gt | 80T | PILL e I
(wiwy | wuigpg
989 | 297’1z | APST | 29p69] a9 opqri9g | 2qsLT | oPOr | PSPT | dLbTT ‘Wiz g wwipg)
-ay | ¢
899 | 2agiz 39T | 92pq9'gl eq6°L I vq6" [0 gql'1c | apgee | aLog 49T whieay |y
9'89 9’07 | 99pLOC | ®ag6l el 6l PI'c8 opg'sz | ap9c | oppot STTL tyeay | ¢
6'9L o007 | AT | 9pE9l 36'¥ PO'SL a6l | poc | 991T PS61 wordr | ¢
CLL SR opl¢ 2091 39p| P1'08 2161 qc's | P99z | 9¢'be WHLTAR |y
(wa)- (,ey3) (.24
M qnq () B ) ploIk (w3) () P.E BY) plaIk ON
age eip qng Am:_\wv_v plaIk a|qelaNIe JALqInq E._w qing /oY) pIa1A a|qeIdNeIN SjuaWEaL |
-I9AY | 9TeldAy A0M [e10 L a5RIAY a%edAy | anNMm [ejo |
11/010T 01/6002

(11/010Z PUE 01/600T) qqry 18 £5UdI511Ja SN 1ajeay pue pJai 2101 ‘3[qeIayIewt 10j 2[qel Y AQNY JO AlBuns 19 2)qe L

41

water 3 (1)

Gener ated by CanScanner fromintsig.com




s it icaton
The lowest valye (0.89 t'ha) was obtained \\_uh d.l?,h:u-[{oml
of 37.5mm of irrigation water at 7- days ""_l‘e“d " The
yield also slm\\cdhsuuislica”,‘ significant dl“t-‘lrnc:.licn-
highest total vield (34.9 vha) was recorded with m.p-kcl-
tion of 33mm. of water at 7-davs interval. The unﬂ‘/.;I )is
able yield obtained at this depth and frequency (1.2 ¢ IJ:Iuc
reasonably acceptable as compared to the lowest Vi
(0.89 t/ha). or Waler
Irrigation of 33mm ay 7day interval gave a bclm. |
Productivity (7.1 ke/m™) & 40 mm with 7 dn.\'s"mc'\‘j.
brought the Jeqst (3.5 kg/m?). The vield response m-r el
at different water level over season is indicated in Fig. 1.

—— Maikenble Vielt
—— TeulYield
— VUL

—e— Naamurhetadle ekl

B - URE o 67

Totabapplistwara el fnnm

Fig I. Yield response for water (marketable yield (MY) - t
ha'', unmarketable yield (UMY) - t ha™', 1otal yield (TY) -
tha' Water productivity (WUE) - ka/m3)

5. Conclusions and recommendations
Conclusions 4

In Ribb area, 1wo irrigations for establishment and a (o1
of 14 (fourteen) irrig

gations afterwards were applied during
the growing season. The irrigation water requirement was
found to be 462 . In a three-year experiment conducted
at Werer Agricultural Research Center, onion was found
to respond better at frequent rather than prolonged inter-
vals of irrigation which js S0mm water at 3-6 d
(Michael, 2001). But at Rib, applic
tion depth at 7 days interval gave significantly better mar-
ketable yield. maximum total vield, and WUE and bulb
weight as compared to the oplimum

application at four different Crop grow
At kobo, the irrigation requirement is

ays interval
ation of 33 mm irriga-

level (variable water
1h stages),

a bit higher (han the
value determined by cropwat mode.

the normal cropwat estimated v
there is a need to validate cropw

It is 259, more thap
alue for the are

a. Hence,
atin kobo areq.
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| aults of the two years data analysig ver
The res

; T iﬁedin‘F ';
and other areas having Sllﬂl?ﬁl agro QCOI(')gy, oni c:h |
irrieated with 33mm \\;alel at-l7 days intery ¢ Ny
mnzc between 20 and~ 34 t ha” and w, ;\

ween d and 7 kg m™.
:)l:l:;::nol‘ Kobo, rlpp!icnlinnqol‘ 125% of CROp :
erated depth which is nl)'ou[ 38mmat 7 days inter, g:n\
the highest markembl? yield belweﬂen 17.0 ang 2 i ;Q
' and water productivity between 3,2 ang 53 i, kL T;
calls for a need to vahdalc}he CR'()pWAT o u"d“
local conditions. It is tI]er@lDl"t‘ advisable (g 4 m:
irigation watergvey ! ([8)’S.mterva1 10 prodyce tomag, al
kobo and similar agro ecologies.

r .

C 2 le
aler ygq efﬁcien (]
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Abstract

Regulated deficit irrigation (RDI) aims 1o optimize water use efficiency and the crop yield front a unit of water applied. In
this study, three deficit irrigation water levels (20%, 40% and 60%) were applied at different potato growth stages inde-
pendently nanely: i) initial stage which includes the time from sowing to 10% ground cover, ii) crop development stage
which is from 10% to 70% ground cover, iii) mid-season stage including flowering and yield formation, and iv) late
season stage including rippening and harvest. The objective of this study was to improve waler productivity with applica-
tion of deficit irrigation so as to enhance crop production and save water for various uses. F ield work was conducted at
Adet Agricultural Research Centre for hwo years (2009 and 2010). The experiment ywas laid dovwn in a randomized com-
plete block design with three replications. Irrigation water was applied using furrow irrigation method. Data collected

from Field experiment was analysed using SAS statistical software. The results of the combined analysis of the two years

data showed that deficit irrigation did not significantly affect most biological parameters. Despite this, 60% deficit irriga-
tion (373 mm net irrigation) at crop development stage (day 25 to day 35) gave highest marketable yield (16 ton ha) and
total yield (21ton ha') and dry matier content (22%) whicl is within the aceeptable industrial standard (20-25%). More-
over, resulls of the experiments revealed that 51 mm (510 m’ ha') of irrigation water, which is about 12% of the total net
irrigation, could be safely saved without significant potato yield loss at Adel.

Keywords: Regulated Deficit Irrigation, Furrow method, Water Productivily.

1. Introduction ‘ civen field, it is advisable to give priority to irrigate the
most drought sensitive crops.

The total growing season of a given crop is usually
divided into four stages. These are i) initial stage which
includes the time from sowing to 10% ground cover; ii)
crop development stage which is from 10% to 70%
eround cover; iii) mid-season stage including flowering

restriction, a recent study shows that a decreasc of 10% in and grain setting or yield formation; and iv) late seasol
water supply would result a reduction of about 2% net stage including rippening and harvest. In general, it is
agricultural product (El Amam, 2001). Under high and stated that out of the four growth stages, the mid seaso‘n
very high demand conditions, the gross margin per unit of stage is the most sensitive to water shortages. This is
water applied decreases for the potato and the tomato mainly because it is the period of the highest crop water
crops but increases for the wheat crop. So, considering an  heeds. Hence, if water shortage occurs during this stage,
average year, the adoption of a deficit irrigation scheme is
feasible for the potato and tomato crops, while for the
wheat crop it is not economically advantageous to use
deficit irrigation, this is the reason why the crop is usually
grown in rain fed conditions (El Amam, 2001).

Efficient use of irrigation water enhances production and
thus the income of the people and the country as well.
Frequent occurrence of drought requires a proactive and
rational water management approach, which could be
helpful to both managers and farmers. Related to water

the negative effect on yield will be pronounced.

To see the effect of limited water application on yield and
production, consideration must be given to the effect of
the limited water application during the individual grcwth
periods of the crops (FAQ, 1979). If crops under
consideration are less sensitive to water deficit and can be
In times when irrigation water is limiting, the farmer may . SfOWn with acceptable yields but without meeting full
ioate all the crop fields. In this  ‘ater requirements, scheduling of supply is based on
minimizing water deficits in most sensitive growth
periods. During periods of unpredictable water shortages,
within season adjustment of water scheduling must be
made in relation to the difference in yield response to
water deficits on the crops and their individual growth
periods.

not have enough water to irr
case, the farmer may decide to spread the available water
over a large area, although it is less than the optimal
amount. Here, it is good to know i) the crops which suffer
most from water shortage and ii) the growth stages during
which the various crops suffer most from water shortage
(Awulachew ef al., 2009). If various crops ar¢ grown on a
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In terms of water management this means water aH.ocan_oll;
of limited supply should be directed towards meeting fu
Waler requirements of these sensitive stages rather than
spreading the available limited supply to the crop equally
over the total growing period.

Maintaining a reduceq soil moisture deficit keeps vege'[ﬂ‘
tive growth under control while photosynthesis remains
unaltered. A redyced moisture deficit therefore has been
Stated as the most agronomic desirable soil moisture level.
Excessive water sqress should be avoided, as it reduces
photosynthetic activity which will affect both vegelative
and reproductive growth.  Regulated deficit irrigation
(RDD) may be implemented during part of the growing
scason by regulating moisture ‘within a desired deficit
range. RDI aims (o optimize water use efficiency and
therefore the yield returned per unit of water applied. Any
minor yield loss which may result from the implementa-
tion of a milg moisture deficit/stress under RDI is com-
Pensated by the benefjs of saved water (o irrigate addi-
tional areas. The mog desirable benefits associated with
implemenling a RDI strategy are: 1) the reduction in ex-
cessive vegetatjve growth;
ture in the most
increase in water

i) maintenance of soil mois-
agronomic desirable range; and iii) an
use efficiency (FAO, 2002),

2. Objective
* The objective of the study were: to improve water

Table I: Potentjal Evapo-transpiration values

Based on ten years meteorological data of the area ang
fitted potential ET,, Crop water requirement gng the re-
spective irrigation schedules were worked out for polato
using CROPWAT model (Tables 2 and 3). It was deter-
mined under the conditions of field efﬁciency 0f 70% ang
irrigating at critical depletion level to refill the sojj mois-

water 3 (1)

oductivity of potato with application of def
pr

ICjy ,,.n‘
gation and Pl

irrigation can be safely applied
=]

3. Materials and methods

3.1 Description of the study area
The experiment was conducted at Adet research

Station 4§

km 1‘,-0,]1 Bﬂl]ir Dar dl.”'l”g 2009 and 20 lO AdEI iS Iocatfd
Aam0 44, .

at 11" 17° N latitude and 37° 43 longitudes g an altitydy

of 2240 m above mean sea level. ’Ehe mean daily
>°C (July ang A
to 29.4 °C (March) and the mean daily minimun e
ture ranges from 5.4 °C (January) to 12,1 g¢ in
The soil is characterized by pH of about 541,
matter content of 2.2%, bulk density
texture is basically clay.

Mayi.
Ugust)
Mperg.
Augugy,

Organic
of about 1.39 anq ils

-anges from 27
mum temperature ranges from 22,

3.2 Determination of irrigation Schedule

To calculate the irrigation water requirement of potato 3
Adet metrological and other necessary data were collecteq
from the National Meteorological Agency and other relj-
able sources. Potential evapotranspiration of the area wag
calculated for the recent ten years data and the resulting
value was fitted 10 80% probable value (Table 1.

Nov Dec
4.03 [342 [3.42
397 1362 [351 [357
= 1377 344 | 368 1354 3.57
3.00 1317 [356 343 368 [34]
282 1349 [33¢ 339 [330
20 1357 |56 13 39 334
19 1357 396 T3 54 [346
84 | 280 _STZ?_‘_Siif‘_~§Ti§_V 3.43
3.23 WTE‘WW 331
2.69 —:?2_‘_;—57‘7_67_3‘7_— 3.16
——— 267 1337 |
356 1368 [348 [3.40
370 (380 (336 |349

lure to (he leve] of fi
Or potato jp Table 3\
lermined seven (
level.

eld Capacity. The irrigation schedule
vas determined on the basis of prede-
ays irrigation interya] and 0.5% yield loss
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Table 2: Crop water requirement and irrigation requirement of potato at Adet rescarch station

ET crop Irr. req.

(mm/ ET crop Eff. rain (mm/ Irr. req.

Month Decade | Growth Stage Kc day) (mm/dec) {mm/dec) day) (mm/
Dec 3 Initial 0.5 1.79 3.6 0.2 1.68 3.4
Jan | Initial 0.5 1.82 18.2 2.4 1.59 15.9
Jan 2 Initial 0.5 1.86 18.6 2.6 1.6 16.0
Jan 3 Initial/Dev. 0.59 2.32 25.5 2 2.15 234
[ Feb ! Dev. 078 | 3.6 32.6 0.6 3,2 32.0
[ Feb 2 Dev. 1.0 439 43.9 0 4.39 43.9
Feb 3 Dev/Mid .13 5.12 40.9 2 4.86 38.9
Mar ! Mid 1.15 5.37 53.7 5.8 4,79 47.9
Mar 2 Mid 1.15 5.52 55.2 8.2 4.7 47.0
Mar 3 Mid 1.15 5.63 62 10.7 4.66 S51.3
Apr | Mid/Late 1.14 5.08 56.8 12.8 4.4 44.0
Apr 2 Late 1.06 5.39 53.9 15.1 3.88 38.8
Apr 3 Late 0.92 4.62 .2 190.4 2.68 26.8
May 1 Late 0.8 3.94 31 19.3 1.53 12.2
Total 542.6 101.1 441 .4

ET = Evapotranspiration, K¢ = Crop coefficient, Eff. rain = Effective rain, Irr. Re

tial = Initial growth stage, Dev. = Development growth stage, Mid = Mid growth stage, Late = Late growth stage.

Table 3: Irrigation schedule of potato at Adet research station

q. = Irrigation requirement, Ini-

Defi-
Growth | Rainfall | Depletion | Ke | ETa | Net i |c i t[Loss | Gross i Flow

Date Day | Stage (mm) (%) frac | (%) | (mm) (mm) | (mm) | (mm) (1/s/ g
5-Jan 7 Initial 0 24 | 100 11.5 0 0 16.4 0.27
12-Jan 14 Initial 0 22 | 100 11.6 0 0 16.6 0.27
19-Jan | 21 Initial 0 20 ] 100 11.7 0 0 16.7 0.28
26-Jan 28 Dev. 0 23 1 100 14.7 0 0 21.0 0.35 |
2-Feb 35 Dev. 0 26 | 100 18.1 0 0 259 043 |
9-Feb 42 Dev. 0 30 1 100 22.5 0 0 322 0.53
I6-Feb | 49 | Dev. 0 57 096 | 99 29.4 0 0 42,1 0.70
23-Feb | 56 Mid 1.0 38 0.97 100 31.7 0 0 45.3 0.75
2-Mar 63 Mid 0 41 0.92 99 34.8 0 0 49.8 0.82
9-Mar__| 70 | Mid 0 Al 095 | 99 | 342 0 0 48.9 0.81
16-Mar | 77 Mid 0 40 0.94 99 33.9 0 0 48.4 0.80
23-Mar | 84 Mid 57 39 096 | 99 32.8 0 0 46.9 0.78
30-Mar | 91 Mid 0 40 0.95 99 335 0 0 47.8 0.79
oApr |98 | Mid 0 39 0.96 | 99 32.7 0 0 46.8 0.77
13-Apr | 105 | Late 8.0 37 I 100 30.8 0 0 44.0 0.73
20-Apr | 112 | Lale 0 35 | 100 29.7 0 0 42.4 070
27-Apr | 119 | Late 10.9 14 [ 100 79 0 0 17.4 0.29
4-May | 126 | Late 0 19 1| 100 157 0 0 224 037
9-May | End | Late 0 9 | 0
Total 441.5 631
Initial = Initial growth stage, Dev. = Development growth stage, Mid = Mid growth stage, Late = Late growth stage, Kc
= crop coefficient, ETa = actual evapotranspiration, Net irr.= net irrigation, Gross irr. = Gross irrigation.

water 3 (1) 45
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called wochecha was used as a test crop, Eight
. Y

ore applied ng the ridge ;
Three deficit levels. viz, 20%, 40% and 60% were ¢ pP(IS) seeds were planted a]o‘ g | lbt 2{!} 30 ¢m s acinpmdh‘
- 1Y jnitial stage ;i -idees in each plot. Fertjl; 3
at four potato growth stages namel): )] m:ll:(f)m Sound 75 € bclucelz) l|idap o h;'] m?d e tilizer Wag apﬁ)ﬁﬂd
which includ ime from sowing to 1V < ate of 69 Kg Fals fld < was splj g
cover, ii) Croesd:fel;pmen( stage (CDS) which is from th.f;t:e of 81 kg N ha” at planting and ﬂo\se:‘ap Ay
: b i stage (MSS)  the 1€ CROPWAT results, . 5%
10% to 70% ground cover, iii) mid-season Stas® Depending  ON L SUS, the . S8,
including flowering and yield formation, and V) late schedule for each treatment Setup was worke, outr
season stage (LSS) including rippening and harvest. 2) [rrigation water was applied using furroy, i
d and irrigation water was applied on Week]y bg:“ﬂn
5

metho
is,

A plot which is fully irrigated (0% deficit) was also in-
cluded in the experiment. Treatments were arranged I
randomized complete block design with three replic
with a plot size of 3 m X 6 m each. Land preparation and
planting were carried out in December. Potato variety

ations

a at each potato growth stage in the season

Dae Grom oo o d0% 60 30%  40% 0% 20%  40% 60% 20% dgorgem
. hn @ @s @se@ @ @ @ @ @ @ @ g
(lit) Stage IS cDS CDS CDS MSS 2/15 g/IS LSS Lss Lss

2 )
Table 4: Amount of gross irrigation applied in liters for 18m plotare

205 295

5-Jan 295 IS 236 177 118 295
179 120 299 299 299 299 299 299 299 299 29

395 295 295 295 295

12Jan 299 IS 239
120 301 301 301 301 300 301 - 300 301 g

27 ISl 378 378 378 378 3 33
280 186 466 466 466 466 466 4

19-Jan 301 IS 240 | 180
26-Jan 378 CDS 378 378 378 302
2-Feb 466 CDS 466 466 466 375
9-Feb 580 CDS 3580 580 580 464 348 232 580 580 580 580 580 580
16-Feb 758 CDS 758 758 758 606 455 303 758 758 758 758 758 758
23-Feb 815 MSS 815 815 813 815 815 815 652 489 326 815 815 815
2-Mar 896 MSS 896 896 896 896 896 896 717 538 359 896 896 896
9-Mar 880 MSS 880 880 880 880 880 880 704 528 352 880 880 880

I6Mar 871 MSS 871 871 871 871 871 871 697 523 348 871 87 47
23Mar 844 MSS 844 . 844 84 B 84 844 675 507 338 844 sad M

30Mar 860  MSS 860 860 860 860 860 860 688 516 344 860 860 860
S-Apr ™ BA2T MSS-BADT gA2 @43 %2 B2 Ba2 G4 - sps.- 339 842 fa2 -8

13- 792 LSS 792 792 792 792 2
e | 7192 792 192 792 634 - 47508l
20- 763 LSS 763 763 763 763 3
e 763 763 763 763 763 611 458 305
27- 313 LSS 313 313 313313 3 5
il 3 33313 313 313 . 313 281 188 125
4-May 403 LSS 403 403 403 403 4
03 403 2
s e 403 403 403 323 242 16l
— - 0 0 0
Total 11358 [117 11000 1082 10922 "
- 22 1048 1004 10 S - 99
9 I5 8954 7752 1044 9
1 5 : ; 752 10904 : 2
=
water 3 (1) 46
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The required amount of irrigation water for each treatment
was applied to the furrow using a siphon. Geo-
was used as a lining m
eral seepage of irri

membrane
aterial for the furrows to avoid lat-

gation water to the adjacent plots. On
average, two irrigations for establishment

and fourteen
irrigations afterwards were m

ade throughout the potato
growing season. Agronomic data such as number of tuber,

tuber weight, total and marketable yield, unmarketable
yield, dry matter content was collected. The collected data

were then subjected to statistical analysis using SAS soft-
ware.

4. Results and discussion

Using the past ten years meteorological data, the daily
maximum and minimum potential evapotranspiration rates
were found to be 5.1 mm and 3.2 mm which occur during
April and August, respectively. The average daily
tial evapotranspiration was 3.98 mm. The seasonal crop
evapotranspiration was then estimated to be 543 mm for
Adet. Considering effective rainfall, the Cropwat mode]
estimated 441 mm and 631 mm net and gross irrigation
water requirements, respectively for potato at Adet.

poten-

Table 5: Effect of deficit irrigation on yield and y

Results of analysis showed that the number of tubers per
plant, average tuber weight, marketable yield, total yield,
unmarketable yield and dry matter content were not af-
fected significantly by deficit irrigation. Generally, it was
observed that the highest marketable yield, highest tuber
number, and the highest total yield occurred with deficit
application at crop development stage which gives an im-
pression that deficit application at crop development stage
is feasible (Table 5). On the contrary, the satellite plot
(which is fully irrigated at all stages in the season) gave
only 15.09 t/ha marketable yield and water productivity of
3.54.

This relatively low yield may be attributed to the fact that
potato yield and quality are susceptible to excess soil wa-
ter as well. Excess soil water from frequent or intensive
irrigation or rainfall during any growth stage leaches ni-
trate below the plant root zone, potentially resulting in
nitrogen-deficient plants, reduced fertilizer use efficiency.
Saturation of the soil profile for more than 8-12hours can
cause root damage due to a lack of oxygen required for
normal respiration. Excess soil water at planting promotes
seed piece decay and delays emergence due to decreased
soil temperature (Bradley A. King and Jeffrey C. Stark,
1997).

ield components of potato at Adet (2009 and 2010 combined)

No. of Av. Tuber Market- Total Unmarket- Water pro-  Water
tubers/  weight able yield yield able yield (¥ % Dry ductivity saved
Treatments plant (gm) (t/ ha) (t/ha) ha) matter (ke/m?) (mm)
20% @ 1S 8.0 624 15.11 19.85 4.74 223 3.6l 7
A0% e 1S 8.6 59.2 12.1 18.96 6.86 223 294 14
60% @ IS 8.4 57.8 12.34 18.17 5.83 21.6  3.05 21
20% @CDS 9.1 53.2 13.76 18.45 4.69 22.1 336 17
40% @CDS 8.7 58.6 15.12 19.15 4.03 206 3.86 34
60% @ CDS 9.9 55.6 16.44 21.02 4.58 22 438 51
20%
MSS 9 62.9 14.37 19.95 5.58 222 3.79 47
40% @ ’
MSS 8.5 62.5 15.13 19.97 4.84 223 4.54 93
60% @
MSS 8.7 56.3 12.57 18.68 6.11 22 44 140
20% @ LSS 8.6 58.8 14.76 2042 5.66 20 358 14
40% (@ LSS 7.4 65.6 12.89 17.05 4.16 223 3.25 22
60% @ LSS 8.5 58 15.32 19.13 3.81 22.5 4.0l 37
LSD (5%) NS NS NS NS NS NS
CV (%) 20.5 19.6 16.8 12.6 19 8.2

water 3 (1)
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5. Conclusion and Recommendations

Conclusion T
Most biological parameters respond non-sngmflcar}t y [
the application of deficit irrigation application at dlf.ferel?
crop growth stages for both years. Hence, con.clUSIO” L
made by critically looking into marketable yield, non-
marketable yield, total yield, dry matter content and water
productivity of potato. Accordingly, the combined anél)f'
sis result of the two years data showed that, 60% deficit
irrigation application at crop development stage (day 25 to
day55) gave maximum marketable and total yield of 16.4
ton ha™ and 21.0 ton ha™ respectively and dry matter con-
tent (22%) which is within the acceptable industrial stan-
dard (20-25%).

Crops are more sensitive to water deficit during emer-
gency, flowering & early yield formation than crop devel-
opment and late stage (Doorenbos and Kassam, 1979).
Moreover, studies made at Colorado state university also
indicated the critical period for potato is the time from
tuber formation to harvest. Management allowable deficit
(MAD%) for potato is found-to be 40-60 % at early vege-
tative period, 30-40% at tuber bulking period and 65% at
ripening period (M.M. Al-Kaisi and I. Broner, 2009).
Hence, the result of this study goes in line with the above
fact.

Recommendation
It can be seen that by applying 60% deficit irrigation at
crop development stage, the crop used only 375 mm net
irrigation water whereas full application with no deficit at
all potato growth stage took net irrigation amount of 426
mm during the whole growing season. This implies that 51
mm irrigation water which is about 12% of the total net
irrigation could be saved without significant potato yield
loss at Adet. This is equivalent to saving 510 m* of irriga-
tion water from a hectare of potato field. Therefore, appli-
cation of 60% deficit irrigation at crop development stage
(days 25 to 55) could be used to produce potato in Adet
and areas having similar agro-ecology,
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Abstract
] ] N ~arater. Deficit irvigation ywaler appli-
[fficient irrigation management has an imperative role in managing 1 anshoundary warer Def g

4 3 . 2
; This sty Was ¢ 1ed with the aim of evaluating the
cation is aimong the maost effective waier managenient solutions. This study was concicted

L T S ) identify: crop growih stages
performance of stage-wise deficit irrigation (DI) application on irrigation efficiencies and 1o it ifi P

9 givine (°P). Maize
SRR water procuctiviny (HP). .
during which the crop can withstand yater deficit with limited effect on vie ld and water p

sxperiment was con-
4 2 icit irrigation. The experimen
(Melkassa-4 tvpe) was selected as test crop as it is known (o respond well 1o defi

Fine aed in randomized complete
ducted in Koga Irrigation Scheme, Blue Nife River Basin. The field experiment was arrGngee

igation water applica-
hlock design (RCBD) with three replications. The result showed that fevel of stage-wise deficit irrig Pt

Application efficiency in-
tion hed a significant (P-0.03) impact on performance indices excepl distribution wniformity. App ff

3 ’ on .23 Te throughout the
creased with deficit Jevel increases. The maximim application efficiency (83.5%) was noted when

groving season was applied. Lffect of stage-wise application level had a significant (P~ 0.05) effect on ”.L”‘”“””””jc pra-
rameters. The highest vield (3892 gt ‘ha) was obtained when full irrigation yas applied in all growth stages. The highest
Physical water productivity (CIEP) (1.65 kg a) and economic water productivity (CIFP) (417 Birrnr’) were oblained
when 50% deficit applied during 2" and 3 3 growth stages. On average, the crop was fownd 1o he moder ately sensitive 1o
water deficit since the average seasonal naize response Jactor (Kv) (1.04) value is slighily greater than one. In conclu-

0.

: e . . ird ard
sion. this stuche showed that much water is saved when the crop is stressed by 30% during 2 and 3

Q}‘(HI‘I/! .\'fﬂgé’.Y.

Key words: Irrieation Performance indices, Koga lrrigation scheme, Stage-wise deficit, irrigation, water procuctiviiy

1. Introduction

Water is an invaluable resource in the Nile Region. Hence.
cfMicient and effective use wherever it is being consump-
tively used will have far reaching implications. In the
Ethiopian part of the Blue Nile. the subsisience rain-fed
agriculture is under the mercy of the erratic rainfall and
the waler resource development is known (o have an im-
perative role in the agricultural. socio-cconomic and in-
dustrial development. Though the country is known (o
have plenty of water resources. its availability 1s con-
straincd by number of factors, One among these is the
peor waler productivity and inefTicient irrigation walter
application.

Recently deficit irrigation (DI) application to enhance
waler productivity is getting a new momentum (English
and Raja. 1996: Geerts and Racs. 2009). Deficit irrigation
(D) is a watering strategy that can be applicd by different

water 3 (1)

_

tvpes of irrigation application methods (Perrv et al..
2009). The correct application of DI requires thorough
understanding of the vield response to water (Kirda and
Kanber. 1999) and of the cconomic impact of reductions
in harvest.

The specific reason for initiating (he rescarch was that
Koga and many other developed schemes suffers from
serious water shortage. specifically during late in the dry
scason. Though the Koga small scalc irrigation scheme
was designed Lo irrigate 7000 ha. only about 3000 ha was
developed at the time of the study. The specific objectives
of the study were to determine the efficiency of furrow
irrigation system with deficit irrigation water application.
and to evaluate the effect of stage-wise deficit irrigation
application to vield components and waler productivity,
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2. Materials and Methods

2.1. Description of the study area
. e ioali heme
The study was conducted in Koga Irrigation Sc

: ; ) i « 0 nei-

which is located at 11.37° N latitude and 37.12 Erlo ITIC
. g 1 i ’ r

tudes in the Blue Nile Basin. The source of water fo

; ; IO wial  qure.
scheme is (he Koga River. which is one of the perenni
— e —‘j
e
B S T —S—— et
g N Losation Cegend
o ) NMap ot Ethiopia o iy
Wentern Gojan zone
Featwe_na
e bt
e Enpun
Kudeme
9 Meiawa Town
o 5 =) Western Gojam zone
[“ / - \Lip of ;E;:;x secional state. ‘\.‘ il ,
{ 14
4
R
1
¥
J
i o Vet
( -
e :f_lf_. --:!:_:Yiilnvlllclcls

‘Figure 1: Location map ol Koga irrigation scheme

2.2. Experimental Designs and Field Layout

The experiment was designed as randomized complele
block design (RCBD) witl three replications, There were
a total of six treatments made by varying the leve] of irri-
gation water throughout the growing season (i.e. li)()%_
75%. 50%. and 25% of ETc¢) and at a specific growly
slages. The experiment was considering four growing
stages of the crop such as initja] (S1). developmen (S2).

flowering (S3) and maturity (S4) stages. Treatmen| combi-
nations tested are shown in (Table 1).

The experimental area was divided into |8 plots with 40
x 30 m of net size. maintaining a barrier Zone of 2 1 pe.
tween adjacent blocks (Fig 2). Each plot had foyr p!
ridges having 10 m length and five Turrows havin
bottom width. 0.30 m lop width for irrigation v
cations and having 30 cm distance betwee pl
with 1.5 inch (3.81 cm) diameter was used (o
o every furrow. The average slope of (e CXperimentg]
plot was 0.28% along the irrigation furrow, Sowing was
done on‘J:mum}' 01/2012 at a row spacing of 76 cm ang
30 cm spacing between plants, There v

anting
20.15
ater appli-
ants. Siphop
deliver Waler

; a8 no any jpej.
dence of diseases during the EXperimenta] S€ason. Haryegy.
water 3 (1)

CGener at ed

b

ivers in Mccha Woreda sub-catchment of e Nile
“\c-r : Fig 1). The mean annual rainfall ip the Study
l?c]li:l;c(ﬂ Zo({ (o 2.200 mm with A mean vajye (;[‘ Hbm]:
1420 mm. The mean :»uuluz:'l nnnumup and "‘aximum
{emperatures arc 9'C ;m@ a2 C rleleCCl“'el."-.ThC O,
nant soil type of the arca is mainly paleqsd with clay i

.\'c]-

ing of two interny TOWs per plot in all the plots was done
on May 052012 Aq harvest a sample area of 1520 n’
(le. 10 m x 1352 m) per plot was selected and the grain
yield as wel| g5 number of plants in that sample plot arca

Was measured. This g then converled to per hectare
basis.

2.3. Estimation of Maize Water Requirement
FAO Cropwa( mode| for window 8.0 was used (o deter

MIne reference €TOP evapotranspiration (ETo) using cli
Matic datg, Crop factor (Ke) for every growth stage Was
taken frop, Allen ¢ ¢ (1998) and then, ETc W&
calculateq using Cquation 2._].

ETC = ETO X Kc

Where: ETc g crop ey

factor jp fractiop
fation mm,

(2.1)

P b is crop
apotranspiration in mm, K¢ s 5
and ETo ig reference crop evapotrans
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After sciting out of crop Cvapotranspiration. it is possiblc
to determing net irrigation water requirement by subtract-
ing cllective rainfall during (he investigational scason and
it can be expressed by using cquation 2.2,

NIR = ET. - P, (2.2)

Where: NIR is net irrigation water requirement of the crop
inmm.and P, is effective rainfall during the growth pe-
riod of the crop in mm.

But there was no rainfall at all from the starting
to the end of the experimental season in the
study area. Therefore, net irrigation water re-
quirement of the crop was equal to only the crop
evapotranspiration (ETc).

Tablc I: Description ol irrigation treatments

Application efficiency of 60%, recommended
for furrow irrigation was used to estimate the
gross irrigation requirement using equation 2.3.
Furrow irrigation application efficiencies in gen-
eral vary from 45-60% (Allen ¢f al., 1998).

GIR= %”—R

-

(23)

a

Where: GIR is gross irrigation walter requirement of the
crop inmm. NIR is net irrigation water requirement of (he
crop in mm and Ea is application ¢fficicncy in %.

Treatment

Growth stage Descnipltion
S, S, S, S,
Onc growth slage stress (23% and 50% deficil)
0011 0 0 1 ] Stress during S5 and S- with 25%
1001 0 1 ] 0 Stress during S, and S5 with 50%
1100 1 1 0 0 Stress during Sy and S with 50%
Partial stress
75% delicit 75% 753% 75% 75% Throughout the growing stage
30% delicit 30% 50% 30% S50% Throughout the growing stage
No stress
1111 ] 1 ] 1 I"ull irrigation at all growth slages

Note: 1 indicates normal watering or imigating 100% of ETc: 23% Deficit indicates irrigating 75% of ETc: 50%

70

Deficit indicates watering 30% of ETe and 75% deficit indicates irrigating 23% of ETc.

T2 T6 T3 T T2 s
i i \ " \ i
[ TS 1§ ARG A T *’_
lﬂ. (R AT
o LA IR A
;]“:l[uf{[ {f ,r}“"' B
5181 | 2 T 5 < | 1 2
| ,.1 :‘.z 1 o 2m
BRI R s mE e T g
O e e
A 1| A R O L
vy | :i J!!l’] ;w _i!-,’ : .gs‘ ;7 11,5 % i o S
. J;’;J_-_j;, -,iJJUJL,L,J’JUJ..'!__NJJ.- |
o AF Lo 12 = Al
T O P T |
Lol AR Sl SRR |
e T A T B &l
A IR e I
1 E 11 S 2 CEEEE
| Y Furrisns R"n’ll"_‘t\ Plots
g_- \lll!l

Figure 2: Layout of the experimental ficld

water 3 (1)
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2.4. Determination of the required application
depth

The amount of water needed 1o refill the crop root /onc 1o
ficld capacity at (he time of irrigation or the rcqmrcd. ap-
plication depth (Z.) was calculated from hicld C\'Zﬂll(lllOllS
of the soil moisture content before irrigation which were
used to computc the soil moisture deficit SMD {mm). us-
ing equation 2 4 in the root zone (Yonts and Eiscnhauer.
2007).

Zry =SMD =10x(0,. —0i)x D, (2.4

Where: SMD is soil moisture deficil (mm). Z,, is the re-
quired application depth (mm), Ui is moisture content al
ficld capacity (% volume). 0, moisture content before irri-
gation event (% volume) and D, is clTective rool depth
(m).

2.5. Determination of the depth of water retained
in the soil profile

[Uis necessany 1o identify the amount of water applied (o
the furrow and (he depth of water retained in the root zone
in order 0 know the technical performance indicators of
deficit irrigation. The depth of water retained in rool zone
of the soil was computed based on the moisture contents
of the soil samples taken using auger before irrigation and
two days afer irrigation. The samples were taken within
three meter interval from (hree points (i.c. at 3 m. 6 m and
Y m) along the furrow at four depths with an interval of 23
cm (i.c. 0-25 cm. 23-30 em. 30-75 cm and 75-100 cny)
depths. Finally the depth of water retained in the rool zone
was calculated using equation 2.5 (Michacl. 1996).

d :Z":(Efl;_g‘)mﬂ xD,

(2.5)
Where: d is depth of water retained into (he root zone of
the soil (mm). 0¢is moisture content in the i layer of the
soil after irrigation on % weight. 0, is moisture content n
the i" laver of the soil before irrigation on % weight, A, s
apparent specific gravity of the 1" soil laver (fraction). D,
is depth of the root zone in the i layer (cm) and n is num-
ber of layers in the root zonc.

2.6. Estimation of Non-Erosive Discharge, Siphon
Discharge and Irrigation Time

The maximum value of non-crosive discharge was deter-
mined using the empirical relationship given by Cuency
(1989) (equation 2.7).

0.6
Q max S

(2.7)

a

water 3 (1)
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Where: Q. is maximum .nor}‘cros;‘l;]c d.lSF'.II!l’gc (I/s
S is furrow slopc in l[.lC dll'CCll'Ol‘] 0 lo“l(jr.lcllon).
Tklvxc sclected non-crosive dlscll‘irgc W a§ 28 1/s Calclllaled
d ation 2.8 (Cuenca. 198Y) by Consigori
based on cqt aulic head. This was less (1, Ting
10 cm constant h_\c_lmu Ic ' ‘.)_ g ‘lb_ S'Ih(m i
maximuii non-crosne d:schmgc fif.]/m"“ ¥ Using Hs
fion 2.6 (i.c. 2.14 1/s) by lISI‘lI% “,‘_-( ) (l\cr(lgc slope of (ly
experimental plot along the irrigation furrow,

0 =CA\2gh

Wherc: Q is siphon discharge (m/s). C is coefficigy, of
discharge (0.6). A is cross scctional area of (he siphoy
(). ¢ is gravitational acceleration (n/s™) and | js hydray.

lic head ().

) ang

(2.8)

The time requirced (o apply the desired amount ol irrigatioy
depth into cach furrow using rigid siphon was cslimateq
by using cquation 2,9 (Cuenca. 1989).

'y NIRx [ xw (2.9)

6xQ, xI,

Where: € is application time (min). NIR is net irrigation
requirement (cm). Zis furrow length (m). w is furrow spac-
mg (m). Q, is flow rate (discharge) (I/s) and E, is applica-
tion clficiency (fraction).

2.7. Data collection and analysis

Technical performance (i.c. application efficiency. water
storage cfficiency. distribution uniformity and deep perco-
laton ratio). and vicld and vield related variables. were
collected. From this. waler productivity and vield response
factor (K,) were estimated. The cffects of different {real-
MEnts on irnigation performance indices. yvicld components
and walcr productivity were statistically analvzed using
analvsis of variance technique and mean separation was
computed using Least Significance difference (LSD) at
3% and 1% significance levels using GenStat sofiware.

3. Results ang Discussions

3.1. Physical Properties of soil

The result of physical soi property valucs at cach soil
layer is presented in Table 2.

3.2 _Cro!) Water Requirement and Irrigation Water
Application Depths

Tolul Waler requiremen (ETc) of maize crop. net irng
on requiremeny (NIR) and gross irrigation requircmen!

(GIR) for a tofal growing period of 115 days is presenl®
n Tables 3. )
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Table 2: Soil physical propertics of (he experiment

it pep,  BD
@ B O )
no cm’) W/w
025 105 3K07
| 25500 125 34460
5075 132 3594
75100 140 3578
S 025 102 3723
25-50 110 3593
2 s07s 140 34.35
75100 142 3524
025 112 3879
;2550 128 3743
‘ 5075 140 3424
75-100 146 355)
025 108 4216
g 250 116 3672
5075 142 3525
75100 149 3788
§ 0-100 128 3657
-~

al site

TAW . ) bids axg Textural
mﬁ_(Jﬂflyﬂﬂ _ (mm/ Particle sizc distribution (%) ciae
. . WIW vy m) Sand Clay Silt

1361 2190 2512 18190 300 5599  41.00 clay
305 2451 3056 12582 1.20 77.50 21.30 clay
A740° 2461 3246 14944 1.00 74,00 25.00 clay
5006 2549 3574 14427 0.95 80.05 19.00 clay
ISO0 2209 2255 15448 697 72.00 21.03 clay
3959 2322 2559 14006 1.00 70.00 29.00 clay
4809 2479 3471 13384 111 77.97 20.92 clay
5001 2454 3482 15183 1.00 80.00 19.00 clay
4356 2207 2478 18777 500 56.00 39.00 “clay
4780 2456 3136 16435  1.09 83.19 15.72 clay
4776 2506 3496 12806 1.00 76.00 23.00 clay
5199 2499 3659 15401 093 82.00 17.07 clay
4541 2363 2545 19957 4.00 63.00 33.00 clay
1263 2517 2922 13400 107 79.00 19,93 clay
5009 2486 3533 14764 1.00 82.00 17.00 clay
5659 2589 3868 17903 4.00 78.00 18.00 clay
4671 © 2421 3093 15784 2.15 74.17 23.69 clay

Minimum crop waler requircment (ETcy of 8.06 mm wis

obtained during the initial growing scason

and maximum

ETc ol 42.55 mm per period was estimated during the mid
growing scason (Table 3) using Kc valucs of maize crop
estimated by Allen er af. (1998),

Amount of water required during the growing scason and

amount of irrigation water applicd to cach treatment plots
is presented in Tables 4.

Table 3: Crop water requirement (ETc) and irrigation schedule at the experimental site

Irmgation ITo LiTe NIR* GIR**
nlcrval Growth Kc (rmim/ ITo (mm/ (mm/ (mm/ (mm/
Dale (day) slage (-) day) period) period) period) period)
§-Jan 8 Initial 0.30 3.36 26.8% 8.06 8.06 13.44
16-Jan 16 Initial 0.30 3.36 26,88 8.06 8.06 13.44
24-Jan 24 Dev 0.48 3.36 26.8% 12.90 12.90 21.50
1-I'eb 32 Dev 0.79 3.94 31.52 24.90 24.90 41.50
9-I‘ch 40 Dev 0.79 394 - 31.52 24.90 24.90 41.50
17-I'ch 18 Dev 1.09 3.9 31.52 34.36 34.36 57.26
25-Ich 56 Mid 1.19 3.91 31.52 3751 37.51 62.51
5-Mar 64 Mid 1.19 4.47 35.76 42.55 42.55 70.92
13-Mar 72 Mid 1.19 4.47 35.76 42.55 42.55 70.92
21-Mar 80 Mid 1.19 4.47 3576 42.55 42.55 70.92
29-Mar %8 Mid 1.19 4.47 35.76 42.55 42.55 70.92
G-Apr 96 lind 1.04 1.79 3832 39.85 39.85 66.42
14-Apr 104 lIind 0.75 4.79 38.32 28.74 2%.74 47.90
22-Apr 112 Jind 0.54 4.79 3832 20.69 20.69 34.49
25-Apr lind Jind 0.00 0 0.00 0.00 0.00 0.00
Tolal 112 12.03 58.09 464.72 410.20 410.20 683.64

* NIR simulation was done excluding of rainfall.

# GIR was caleulated using 60

water 3 (1)
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{0 crop growth stage (mm)

; . ; ‘ith respect
Table 4. Depths of water applied for cach trecatment wi I Treatments

—

- 5 75 D30 D,
Bk Growh GIR D525 D250 D?'f‘;() Izd[”l]l) (T3) (-]-]é()J
Interval (day) o (1) (12) (13)

Date Stage (mm) = T 7 =
8-Jan 8 Init 1344 1008 1.3.4;1 1-3'44 S5 i i
16-Jan 8 Init 13.44 10.(1)§ }333 2]5” 4 g e
24-J; Dev 2130 161 , 2 i ;
]-l?c‘l;n : Dev 4150 3113 2075 4130 ]1822 ;833 ;4:_;—.8
9-Feb 8 Dev 4150 3113 2075 ‘f’ 50 nae o 57;
17-Ieb 8 Dev 5726 4295 2863 57.26 l; 0 o 6
25-Fcb 8 Mid 6251 6251 3126 3126 156 3;() 2,(51
5-Mar 8 Mid 7092 7092 35.46 35.46 17.73 3 > 70.92
13-Mar 8 Mid 7092 70.92 35.46 35.40 1713 3?_46 70.92
21-Mar 8 Mid 7092 7092 35.46 35.46 17.73 3?.46 70.92
29-Mar 8 Mid 7092 7092 3546 3546 1773 3546 70.92
6-Apr 8 End 6642 6642 6642 3321 166Gl 3321 66.42
14-Apr 8 End 4790 4790 4790 2395 1198 23,93 47.90
22-Apr 8 lind 3449 3449 3449 1725 8062 17.25 34.49
25-Apr I:nd Iind 0.00 0.00 000 000 0.00 0.00 0.00
Total 68364 63648 42967 43614 17091 34182 68364

The total maximum application depth (637 mm) was ob-  Table 5 shows the total amount of water applied and (he
tained at 25% deficil during the first and the second
growth stages (D25 (Ty)) while minimum (171 mm)
“}E,UC Was recorded in treatment D75 (T‘_'-) which was amount of water varied from as high as 684 mm (o as low
75% deficit (hroughout the wholc growth period. 710

Aas mim,

amount of water saved per (reatiment assuming a maxj-
mum furrow irrigation attainable efficiency of 60%, The

Table 5: Irrigation water applications and water saving under different treatments

Waler saved

Treatment NIR(mm)  NIR(mha)  GIR(mm) GIR (m’/ha) (mm) (m’ha) (%)
Do, 0 (T6) 410.20 4102.00 683.64 6836.40 0.00 0.00 0

D,225 (T1) 381 88 3818.80 636,48 6364.80 4716 4716 7

D3430(T3) 261.68 2616.80 436.14 4361.40 2475 24750 36
D350 (T2) 257.79 2377.90 429.67 4296.70 25397 25397 37
D, 50 (T3) 205.09 2030.90 34182 3418.20 341.82 34182 30
D.y75 (T4) 102.54 1025 40 170.91 1709.10 512.73 51273 75

Table 6: The cffect of irrigation application Ievel on (he mean application efficiency related with crop growth stages

Mecan application clficicncy (Y)*
Grow() slages

Treatment Initial Develop- Mid Late
men(
Dl‘:25 (T 53.93" 38.00¢ 39.677 63.007
D-330(T2) 44.21° 71.46" 72 96¢ poripe
D550 (T3) .20 57 54¢ 72.97¢ kg
Doy, 75 (T4) 65.72° 78.59° gl 750 i
D50 (T5) 63.60° 76.47° 77'“;1_ (—\3 .
' D.y.0 (T6) 40.95¢ 55.46° LIS 79.14"
— 0.22 6202
SEm+ 1.539 —Ihﬂ ”..7-1
LSD (0.03) 3.474 3319 7-7;{7 ! 31
CV (%) 3.7 28 ';) S IVI(JZJ
D R
water 3 (1)




Application efficiency - the offeet of trrigation tre

e atments
on mean values during initi

al. development. mig and late
scason shows that application clficicney were gt

atistically
significant (P<0.03) (Table 6).

Table 7: The effect of irrigation

Storage cfficiency - the storage efficiency mean valucs
during initial. development. mid and late scason shows
that the effect of irrigation treatments on storage efficiency
were statistically significant (P<0.03) (Table 7).

application level on the mean storage clTicicney

Mean storage cfficicncy (%)*

Growth stages

Trcatment

Initial Decvelopment - Mid Late
D,-25(T1) 86.91° 45.96° 24.99° 20.68°
D,350(T2) 95.22° 31.97° 21.94¢ 31.48°
D,,50(T3) 97.12 53.42° vk b 25.33°
D75 (T4) 11.88¢ Wk 6.43° 4.46°
D50 (T3) 29.90¢ 17.23¢ 12:92¢ 10.03¢
D 0 (T6) 97.19° 49.53™ 24.89° 30.61*
SEm= PR T 1.840 0.766 0.801
LSD (0.03) 4 850 4101 1.708 1.784
CV (%) 38 6.6 4.8 4.8

*mean ol three obsery

Distribution uniformity- (he  distribution uniformity
mean values during initial, development. mid and late sea-
son shows that the effect of irrigation treatments on distri-
bution uniformity were not statistically significant at 3 %
probability level (Table 8).

ations. Treatment means followed by the same superseript letter(s) are not significantly different.

Deep percolation ratio- the deep percolation ratio mean
values during initial. development, mid and late scason
shows that the cffect of irrigation treatments on deep per-
colation ratio were statistically significant (P<0.05) (Table
9).

Table 8: The elfect of irrigation application level on (he mean distribution uniformity

Mcan distnibution uniformity (%)*

Growth stapes

Treatment Initial Development Mid Late
D25 [T1) 94.04° 95.97° 96.17* 95.50°
122330 (12) 95.96" 98 30 | 96.96° 97.03*
125,30 (13) 97.33" 96.60* 97.35% 97.46
D75 (T4) 96.72* 94.44* 95.58° 96.66°
D,130 (T3) 96.82" 9825 97 81° 96.49*
D0 (16) 98.55" 98.26" 96.61° 96.83*
Shme 1.476 1.949 1.660 2727
L.SD (0.03) Ns Ns Ns Ns
CV (%) 19 25 2] 33

*mean of three observations. Treatment means followed by the same superseript letter(s) are not signilicantly different. Ns = po

significant difference among efTects of treatments.

water 3 (1)
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: i Y mex
Table 9: The effec of irrigation application level on the

Mean decep pereolation ralio (

m deep percolation ratio

%)*

x

Growth slages

- N Sl M’d,. Late
[reatmeny Initial 1200° 40.33 37.00°
D1~25 (1) 46.07° 3% 530 27.04° 33,500
D13350 (12) 5579" 246" 27.08° 20.75¢
Ds,430 (13) 5579" 51 41" 18.25¢ 16.50¢
D75 (14) 34.28° 75 0 22.64° 20.86¢
D150 (T3 36.4()'L ;4'543 39 78 37.08¢
2ad (1) = 1289 1251 0751
SEm+ 1.559 ' 2787 1.673
LSD (0.05) 3474 e 23 34
CV (%) 40 i : '

Crop Yields and Yi
ments on the me;

tamed when fyl] irrig;
qt/ha was obtained under 0.25ET¢
period (D, 75 (T4)).
D; 50 (T3) provided with full irrigation d
growing season. and followed by

development and mid s

resulted grain viclds of 42.62 q/ha and 39.62

Table 10: Relative vield reduction of maizc

Aclual

GIR yicld Aboveground
Treatment {mm) (qt/ha) biomass (ql/ha)
D, 525 (T1) 636.48 55.29 161 .89
D»,50 (T2) 429 67 42.62 152 29
D3430 (T3) 436.14 39.62 153:90
D75 (T4) 170.91 13.10 130.34
D30 (T3) 341.82 27.62 144.20
D0 (T6) 683.64 58.92 164.28

Mansouri-Far ¢t al. (2010) also found that deficit irrigation
of maize during reproductive slage resulted in more vield
reduction than during vegelative stage. The maximum
vield reduction of 77.8% and 53% were observed under
the application of one fourth of ETc throughout (he plant
growing season (D, 75 (T4)) as compared (o optimum
application level (D, 0 (T6)) and the application of half of
ETc throughout the plant growing secason (D 50 (T3)).

respectively. Water stressed throughout (he whole scason

water 3 (1)

cld Components: Irrigation treal-
n g,mih’_\ ield were statistically significant
(P<0.03). Maximum grain yicld of 3892 qu/ha was ob-
ation was applied in all growth stages
(Dai 0 (T6)). On the other hand, minimum vield of 13.10
throughout the grow(h
Both treatment D.330 (T2) and
iring the initial
a period of stress at the
ages for treatment D- ;350 (T2). and
at the mid and late scason stages for trecatment D; 30 (T3)
qt/ha. rc-
spectively, This tendency might be attributed to the fact
that water stressing  conditions during highly sensitive

and Harvest index with respect (o the optimum irrig

stages of maize crop in the scason aflfected grain yiclq by

ag :
afTecting root development. cob length. number of gripg
per cob and lcaf arca cover.

Yield reduction and harvest index: Wager defici( py
50% during third and fourth consecutive 8rowing scason-s
(D330 (T3) had a 7 % vield reduction as compared (4
the vield obtained under D.350 (T2) (Table 4). Trey.
mcnis which were stressed 50%, during sccond angd hird
(D:530 (T2)) as well as third and fourth (D330 (T3))
gronth stages had a vield reduction of about 22.92 and
28.34 % respectively. as compared (o (he vield obtained
under treatiment D, - 25 (T1). ;

alion level

Harvest Yield Yicld Rank based
index reduction reduction on yield
(%) (qt/ha) () reduction
3413 3.63 6.16 5
27.99 16.30 27.66 4
2574 19.30 32.76 3
10.05 4582 177 ]
19.15 31.30 33.12 2
35.87 0.00 0.00 6

by half of (1 oplimum application level (D, 50 (T3)) has
a vield reduction of about 35.19% and 30.29% as com-
pared 1o the vielq obtained under treatment D130 (T2)
and D, , 50 (T3). respectively.
Water Producti\'il_\':
level on megp Physicy
Were statistically signi

The effect of irrigation application
1l water productivity (CWP) values
ficant (P<0.03).

36
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However. there

wWas no - difference between treitment
D2 CFD and D0 (Tay, Plasical warer productivity

mcrcased as deticr ameation leyel nereased up o 230,

stressed duanng fiest and - second rron(h stpe {1, .25
ssed by bl
OO had

eatment Dy 30 (1
with the sime pereentige ol witer stressed daring flow er-

iny JmI late season: Mininm Cwp

(EDy and then dechined afier continuously e
ol the total e (D 30 (15 Feeatiment D
mastmum WP as compared (o

Was Tound (o be 10w
Wier stressed trentmeny throughout (he
growing season and less than (he

|\..“||| ol 7Y%
vilues presented in
Fable TEEeet of imgation trentments

NIR (mYhin Mean CWp

Freatment

(hp/m 'y
D50 (T2) 110200 | 63"
lLﬁHUW\ IRIRN0 ] Bk
Dj (1) 201680 145"
l).\i,n (T 237700 IEER
D, 30(T3) 203090 133"
Dy 75 (T 102340 1.29°
CSEme ' 0.0291
LSD (0.03) 0.0048
C \' (") 2

)

“mean ol three observations Treatment means tollowed I Hw N

Scasonal maize vesponse factor: The vari: bility of (he
scasonal crop vicld response Fictor (Kyv) was statistically
stentficant (P<0.03) The miaximum of 1.06 and minmum
ol 0745 Ky values were caleulated under treatment 1, 30

CISyand D250 (T2 respectively.,

4. Conclusions and Recommendations

[nterms ol application efficiency . the overall maxinmum ol
N330% was obtained when (he field s continnonsly
stressed by 30%5and 73% ol E'Te. while good storage ¢l Ti-
creney was measured when the fickd is irrigated by (ull
apphication level,

The stage comparisons showed that the masimum amonn
of water (23397 mm) during the growing season rela-
tvehy with mimimune vield reduction (16,30 qi/hay. appls -
g deticit ieigation at the middle stages was found more
lkmllu alo Naximum CWP (1,63 Iw.m y and EAWDP (4,17

Bire/m®) were obtained when $0% deficit wrigation was
apphied during, development and mid-scason stage stresses,

In conclusion when water is not a limiting factor, appli-
cation of 73% during 1" and 2™ erowth stages results the
maximum vield (33.29 qu/ha). But when water is a limiting
factor. stress at the second and 3" maximum crop waler

witer 3 (1)

rr———————

GIR (mYha)

Yenesew and Keteni (2009) which was 2 96 he/m' with
the same percentige of water stressed throuphont the
erowth period. Zhang ¢t al. 2004 reported CWP of corn
that varied from 139 10 1,72 kp/im', The variations of
these fignres might be due 1o the variation of (he eny iron-
mental conditions. Mohammed et al. (2012) conducted @
field experiment o investigate vield and water productiv-
1y ol maize under deficii irvigaton practices in Epy ptand
reported aomean value o 186 ke/m®, The variations of
these figures may be atteibuted 1o crop VATICIY. environ-
mentand held management conditions,

anwater produoctivity and vield response Ficton (Ky) of maize crop,

Mean WP Ky (-)*
(Birr/m'y* :
GR36.10) 417" (1.745°
6304 R0 182" 0.904"
1361 .40 165" 0.891"
4296,70) 1.62° ---
318,20 3,391 1.062"
170010 3.22° 1.037°
0.0734 0.0347
0.1635 0.0773
2.5 S

.\5

e stperscrpt letter sy are not \I"Illlltdlll]\ nhllu;nl

productivity (4,17 Ihmm ) was obtaimed when application
ol 3074 during, 2" aind 3 mm\lh stages s better,

The selection of stage-wise delici irrigation application
treatments was very much restricted (o taking two con-
secutnve cronth staves, This is purcly due 10 logistical
constramis, futre work with NIOTe 1resource
needs to be designed by considerig every stage individu-
ally or e combination with (Illluull deficit levels. and (he
test ol dehicit irigation application should also be made

for other crops Tor comprehensive irrigation water mn-
agement recommendations,

Therelore,
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Abstract

The aim of this sty was 'm (-um(\':o the probabilin: of occurrence of wet and dry spell events in the Upper Awash Basin,
Ethiopia, ising Viarkov Chain model based on dekacdal 1ime sieps. The stations which covered in the analysis are De-
brezeit. Wonji, NMelkassa and Metehara areas. Crop yater requirement in a specific dekad in each growth .s’tc.zge was con-
sidered as a threshold value to classifi- the dekad as wet or drv in Kiremt (mm’.n Fainy seasoi). I’lerm-'er, onh at early
stage of growih were assumed in Belg season (small rainy season). The reason of selecting the threshold value of crop
water requizement at carly stage of growth for the Belg season is that, the available rain in studyv areas usually do not
cover all the crovth stages, it ceases in the early stage of growth and less probably in the crop 'tlm-'e/opmem stages. In
most of the cases. the probahilities of occurrences of div spells [Pp] in the Belg season were found 1o be more than 50%
ar all stations and a continueus drv spells resulted in short periods of droughts during critical growth stage appeared in
the analvsis period. However, the stuey revealed that the moisture available Srom the raimvater during the main rainy
season can support cereal crop productions in the sty area except at Merehara station, where wet dekads with low
probabiline of ocenrrence and lasting for short duration have been recorded. Moreover, the stucly also indicated that ex-
coexs amonts of rennvater are recorded in Debrezeit and Wonji areas during the Kiremt season which might be harvested
and used 1o ofjset the soil moisture stresses during the dry spell periods.

Kevwords: Upper Awash, Markev: Chain, length of growing period, onset of growing period, end of growing period, dr/

welr .\'PL‘.’ A

1. Introduction , crage and for a ten-day (dekad) interval. 30mm was se-
lected as a threshold value and a dekad with 30mum or
more of rainfall was considered as a wet dekad Besides.
Fistume (2009) and Mersha (2003) used the same assump-
tion as Reddy (1990) 1o assess the moisture availability
over the highlands and. and and semi-arid zones of Ethio-
pia using Markov Chain model.

The distribution of dry/wet spells during the monsoon
period is essential for successful rainfed farming. It is also
important to know the chances of occurrence ol dry spells
during the critical growth stages of the crops for deciding
the sowing date. cropping pattern and planning for supple-
mental irrigation and other agricultural operations.

Instead of dealing with the amount of rainfall alone. it is
better to consider the rainfall along the crop water require-
ment (Engida. 2003, and Girma. 2011). Crop waler rc-
quirement over the dry land arcas of Ethiopia is different
for difTerent crops and furthermore. different at different
stages of crop development. The choice of the (hreshold
limit for Markov Chain model is very important when

used for agricultural purposcs.

The purpose of estimating probabilities with respect to a
given amount of rainfall is extremely uscful for agricul-
tural planning. These initial and conditional probabilitics
would help in determining the relative chance of occur-
rence of a given amount of rainfall. The degree of welness
could be defined in terms of anv amount of rainfall. The
choice of any threshold amount of rainfall depends on the
purpose for which the different probabilities mayv be used
(Virmani, 1976). The Markov Chain analysis was used in
India (Srinivasa, er al.. 2008), Pakistan (Faqir and Ghu-
lam, 1991). Greece (Tsakeris. 1989: and Maria. 1983), and
Ethiopia (Girma, 2011 and Fistume. 2009).

Literature available in this subject indicates that the crop
vield will not be affected adversely if plants get about 30-
70% of the reference evapotranspiration depending on the
growing stage of (he crop (Khambete and Biswas. 1984).
Reddy (1990) investigated that 3mm of rainfall per day
was assumed (o satisfy the crop water requirement on av-

water 3 (1)
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The objectives of the study were:

=

{

2.

In

to characicrize the distribution of dry and wel Sl}c:l-‘;f:.l
the Upper Awash Basin. Ethiopia. bascd on l!uc (L'-«ls
dal metcorological variables and water requircmen
of commonly growing crops on specific dekads,

o investigate the chances of occurrence of ‘Jf."l"l’c”"
during the critical growth stages of the crops for t‘Jc-
ciding the sowing datc. cropping pattern and planning
for supplemental irrigation and other agricultural op-
crations.

Methodology

this study. a minimum of 3years data of rainfall have

been used for analysis and the arcas arc highly dominated

by

clay soil. The dominan crop in the study arcas arc Tef

in Debreseit. Maize in Wonji and Mctchara and Sorghum

in

Mclkassa. The dekadal Crop waler requiremenl con-

monly grown in the sclected arca of Upper Awash Basin
(UAB) (Fig. 1) was taken as a threshold valuc for classify-
ing a dekad as 2 dry or wet,

e
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Figure 1: Location of the Upper Awash Basin (Dcbrescit.

Wonji. Melkasa and Metehara)

The following parameters were cstimated for the Markoy
Chain analysis (Srinivasa, er al., 200%)-
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events (k= 3) given by the following Ciatioy
Poay " Pppzz * Pogas (4
Piray " Prrpas “ Pooeys 4g (1)
the probability of 4 dekad being dry

the number of dry dekads

the probability of o dekad being wel

the munber wet dekads

the nunber of obseryvations

the probability of wet dekad preceded by another
wet dekad

the nusnber of wet dekads preceded by another
wet dekad

the number of dry dckads
dry dekad

the probability of a dry dekad preceded by an
other dry dekad

the number of drv dekad
dckad

the probability of 2 wer dekad preceded by an
other dry dekad

the probability of a dry de
dekad. ;
the Probability of two consecutive dry dekads
starting wih any dekad ,
Probability of 3 consecutive dry dekads stani®2
Wwith any dekad

Probability of consccutive wet dekads siarting
with any dekaq

preceded by another

preceded by another dsy

kad preceded by 2 wet

“



W Probability of 3 consccutive wet dekads st

arting
with any dekad

Poar Probability of the dekad being dry (first dekad)

P ppa2 Probability of the second dekad being dry. given
the preceding dekad dry

P ppas  Probability of the third dekad being dry. given
the preceding dekad dry

Pwar Probability of the dekad being wet (first dekad)

P ww a2 Probability of the second dekad being wet, given
the preceding dekad wet
Probability of the third dekad being wet. given
the preceding dekad wet

P WA 3

An average dekadal reference evapotranspiration (ET,,)

during the onsct of the Belg season and the crop coeffi-

cient factor (K,) during the initjal growth stage of the sc-
lected crops were considered (o determine (he crop waler
requircment (threshold value) in all the study arcas (Table
1)

Table I: Crop water requirement (threshold value) during
Belg scason in the study areas (Girma. 2011)

Study Onset [ ET, (mn/ ETc (mnv/
arca dekad | dekad) K. | dekad)
De-

brezeit 9 51.70 03 |155
Wonji 8 44.60 03 | 134

Mecl-

Kassa 3 54.12 03 |162
Mele-

hara 9 51.70 03 | 135

K. value taken Jrom Allen et al. (1995), and considers
only the initial crop coefficient.

For the Kiremr season. the crop coefficient factor (K,) in
cach growth stage were taken from Brouwer and
Heibloem (1986) and converted (o dekadal K. These val-
ucs ol dekadal reference evapotranspiration and crop coef-
ficient factors were used (o compute the dekadal crop wa-
ter requirement in cach growth stage.

3. Results and Discussions

3.1. Initial and Conditional Probability

The initial and conditional probabilitics of rainfall occur-
rence in Belg and Airemt seasons in the four locations.
which satisfy the threshold value. were estimated by using
Markov chain probability analysis and results are preg-
senled in Tables 2 to 3.

It can be noted from the tables that the probability of oc-

water 3 (1)

e

currence of dry dekads [Pp] during Belg season (from 7
to 9" dekads) ranged from 69-41%. 67-38%. 75-53% and
75-50% at Debrezeit. Wonji. Melkassa and Metchara, re-
spectively. These results indicates that. the probability of
being dry seems to reduce in March (7" 10 9™ dekads). but
relatively high dry spell dominated in subsequent dekads
of the year had been observed in all study areas.

Furthermore, maximum dry dekad occurred in dekad 14
(83%) at Metehara. in dekad 12 (70%) at Wonji. and in
dekad 7 at Meclkassa (75%) and Debrezeit (69%). These
resulls indicate that the Belg season is less reliable in
terms of rainfall availability since the probability of occur-
rence of dry spell is more than 50% at all stations.

In Debrezeit and Wonji arcas. the highest probability of
occurrence of wet dekad [Pyw] duning the Kiremr season
ranged from 72 to 94% (during 17" to 24" dckads) and 64
o 82% (during 18" 1o 24" dekads). respectively, How-
cver. in Mclkassa arca the occurrence of wet spell is less
[requent as compared (o the previous stations. In Metehara
arca. the wet spell occurred in between July 1% and August
I dekads only: the rest of the dekads experienced dry
spells. Therefore. unlike the other three stations. in Mete-
hara the crop water needs often exceeds the (otal available
rainfall causing vicld reductions during the main rainy
scason unless dry spells are bridged through appropriale
waler management techniques.

The conditional probability of dry dekad preceded by a
dry dekad [Ppp] was also high in Belg season at Debrezeit
(32-100%). Wonji (30-86%). Melkassa (36-96%) and
Metehara (58-94%). During this period a drv dekad. which
is less than 50% has been occurred only in dekad 12, 14,
and 11 in three of the stations (except at Metehara). re-
spectively, In general. the probability of occurrence of wel
dekad preceded by a wet dekad in Belg scason during the
analysis period indicate that the season is not able to sup-

port even the water requirement of crops during their ini-
tial growth stage.

In contrast. the conditional probability of onec wel dekad
preceded by a wel dekad [Pww]| during Kirem: season indi-
cales the occurrences of high rainfall events in all the
study arcas except Metchara. which has a Py value of
greater than 30% lasting for a short period of time (from
dekad 20-23). 1t is also illustrated from the table that (he
frequency of rainfall distribution through dekads with in
years is highly temporal.
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3.2. Probability of Occurrence of Two/Three Con-
secutive Wet/Dry Dekad

Dry spells duc 10 inadequate rainfall may occur through-
out the rainy scason. If the rainfall is less than the (hresh-
old value at a location in Belg and Kiremt scason for (wo
Or more consccutive dekads. (he crops arc likely (o be sub-

Jected (o moisture siress in the abscnce of supplemental
irrigation.

During Belg scason. probability of occurrence of (wo con-
secutive dry dekads starting with any dekad [2D] having
maximum value of 79% in dekad 14 (2" dekad of May) at
Metehara and minimum value of 23% in dekad 9 (3"
dekad of March) observed a Dcbrezeit arcas. respectively.
Besides in Kiremr scason (he probability of occurrence of
conscecutive dry spells is (oo high at the end of September
(dekad 27) in three of (he study arcas except at Metehara
which encounters the late onsct of consccutive wet spells
and carly termination at the end of August in which the

area struck with highly dry spells in successive dekads
(Table 2-5).

Probability of two consccutive wet dekads starting with
any dekad [2W] for the Belg season in Table 2-3 indicated
that. a maximum value of 45% in dekad 9 (3" dekad of
March) experienced at Debrezeit onlyv and the rest of the
scason in all locations encountcred below 45% While in
Kiremt scason. it was observed a higher consccutive wet
periods [2W] at Debrezcit (69-88%,). and Wonji (50-67%)
through 18" (o 23" and 19" 10 22" dckads. respectively.
Besides in Mclkassa and Melchara areas. the consecutive
wel periods were observed only in dekad 20 (63 and 3 1%)
and dekad 21 (61 and 70%). respectively.

The probability of three consecutive wet dekad slarting
with any dckad [3W] in Bele scason cxpericnced Icss
probability of wet period at Debrezeit (6-30%). Wonji (5-
13%). Mclkassa (2-12%) and Meichara (1-7%) except in
dekad 8 and 9 with 18 and 20% probability. respectively.
While in Airennt scason. unlike the other study arcas.
higher probability of long wet period observed in De-
brezeit area (69-83%) through dekad 18 0 22 only. In
Wonji and Meclkassa arcas. the Airemr scason [3W] ex-
perienced above 30% only in dekad 20. whereas in Mete-
hara area (he entire dekads was kept below 50%. These
i-ndicnlc that. the probability of getling (hree consccutive
wel dekads in Kiremt scason at Wonji. Mclkassa and
Melchara arcas were rare.

water 3 (1)

In general, a Belg scason sxporienosd [ prOb“bi]ilics
occurrences of a wet dekad [Pw). a wet dekag Precegqq

wel dekad [Pua]. two consceutive wey dekads Slanj,"
with any dekad [2W] and three consecutive wel dekﬂ;g
starting with any dekad |3W] bul ]1;|§ extended dry dckads
This indicates that growing crops in this scason j
likely. Whercas. (he main fainy scason proyides
umoiml of rainfall to grow cereal crops in (e slu
excepl at Mcetchara has low probubi-lil,\ of wey ok
Jasting for a short period. The successive dry dekades [y
and 3D] hunt for the need of supplemental irrigalions ang
moisture conservation practices whereas, successiye el
weeks [2W and 3W] give an idca ol excessive Tunoff vy,
ter availability for rainwater harvesting and (o lake up syj.
able measures 1o control soil crosion (Srinivasy. el of
2008). Therefore. only in Debrezeit and Wonji arcas, "
was found that surplus rain water can be recorded durjng
the Airemt scason. Hence. the surplus water might be pyy.
vested and used to supplement rainfed crops during (he
dry spell period. Mcanwhile. continuous dry spells of o
least (hree dekads [3D] in between the wet dekads were
observed during the Selg scason in all (he Study aregs,
which may cause vicld reductions or complete crop fil.
urc. The dekadal rainfall and its corresponding crop waier

requirements for the sclected crops are shown in Figures 2
-5,
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4. Conclusion

I general. a Belg (smal] rainy) scason Cxperienced low
probabilitics of occurrences of 4 ey dekad [Pu]. a wel
dekad preceded by wel dekad [ Py
dekads starting wiq) any dekad |2y
(ive wet dekads starting with
tended dnv dekads. This indi
this scason is less likely.

|- two consceutive wel
VI and (hree consccu-
any dekad [3W] but has cx-
cates hat growing crops in
Whercas. the main
provides enough amouny of

the study arca exeept
wet dekads. lasting
vasa ef al.. 2008,

ainy scason
ainfall (o grow cereal crops in
at Metchara has 1oy probability of
for a short period. According (o Srini-
the successive dry weeks [2D and iD|
hint for the need of supplemental irrigations and moisture
conservation praclices whereas, successive wel weeks
[2W and 3W/| give an ideg of excessive runofT waler avail-
ability for min\\zllcr‘hzm'csling and 1o take up suitable
measures 1o control soil erosion Thercfore. only in De-
brescit and Wonji areas. i was found that surplus rain
waler can be recorded during the Kiremr (main ramy) sea-
son. Hence. the surplus water might be harvested and used
0 supplement rainfed crops during the drv spell period.
Mcanwhile. continuous drv spells of at Ieast (hree dekads
[3D] in between the wel dekads were observed during (he
Belg (small rainy) season in all (he study arcas. which may
cause vield reductions or complete crop filillg(.‘.
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Response of Onion (Allinm cepa L.) to Deficl

¢ Irrigation Under Alternate, Fi-‘&eq

. caati ems
and Conventional Furrow Irrigation Syst

. 1 .1,
Debebe Deferso', Tilahun

: a t 0 Bo
'BoA. Wolayita. debebedeleresod vahoo.com. MARC.’ P B
' "~ Box 138. Haramaya: i

Abstract

Onion is one of the major ecconomic importani crops i the

Sary for crop production in the area. However, water resourc A
/ ' j ition for irrieation water: jcil irt

duction due 10 increasing competition for irrigation water. .| defic

central rifi valley (CRU) of Ethiopia and irriggi,, Iy

3
Hordofa® and Megersa Olumana

1 Iy
ama: tilahun_bordofd ¢ vahoo copy 3
« 436, Adama: tiahun 0.com, Hy -
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> Negpy,
es are hecoming scarce resource in the areq for Crop p
I ' : Ko,

jaation practice has been considere as one of,
& AT

o officiency. This studv vwas conducied at Melkassg 1.
ler saving technique thereby improving agriculiural water use efficiency. Ih : ./,'//('):cnl firrow irvigati \ a‘[g"c'ﬂﬁ
: : = . PRy ') ( ga 01 proes
tural Research center (\LARC) 10 investigate the effect of deficit irrigation i c; al . il R("BDL\ % ilpmcum o
= T iy s Cc . Vi it : :
vield and IWUE of onion in CR1" of Ethiopia. The experimental design was split plot arrang M hree eplice.

z == - 5 S G ; 75
lions. The treatments inchided three levels of deficit irrigation (2376 / e nd
) ' T vy e The analysis of variance i :
main [)/()’ n”{/ three /I'HAI.”“, I‘I‘f'iL’("f”” /”‘(’C'”('('-\' (”n/] 1agi (]”(/( /'l’) ay .\H/?/)/U’. The anc _\ / // / p ¢ e Icﬂl(’(/hrg};[

. & T T O o ) e g
= 0.01) differences in vield, vield components and 1WCL"s. The highest marketable buth viefq 0f 220 g

significant (P

ol e, 0% e, 73%I15Te) and comrol (/000/0/,:'[.c 0

b

was obtained from the control with CIf which was not significanthy different 1o the 73%1 e with AFT svstem, Iy ferms gf
frrigation and water yse efficiency, 73%ETc deficit irrigation application with A svstem gave the highes ME which
was highly: signifi cantly (P < 0.01) different from all other treatment combinaiions. The econontic m/r'_nmage obtained for
AFTat 75%ETe from saved irrigation water per hectare over CIT ar [00%ETe was 120,090.3 birr. AF7 ar 73%ETe appll-
cation level had also the highest MRR (3322.6%) of all treatmeni combinations. 1 herefore, it can be concluded that iy-
creased water saving and associated water productivite through the use of AT at 75%[Te can solve problem of watey

shortage.

1. Introduction

Onion (1/fium cepa L) is among the most important vege-
table crops and is widely grown throughout the world

(Brewster. 1997). 1t is cultivated as a source of income by

many farmers in many parts of the country. It is also anc
the most important vegetable crops in Ethiopia. The crop
is widely cultivated as cash crop by small-scale. private
and large-scale [armers. The crop is exclusively produced
under furrow irrigation. The country has a great potential
(o produce onion throughout the vear both for local con-
sumption and export.

The crop could be produced (hroughout (he year provided
dependable rain and/or irrigation waler is available. The
majority ol onion production is found in (he Central Rify
Valley (CRV) of Ethiopia. The climate and soil condition
of the region favours the production of (he crop. Neverthe-
less. rainfall is unreliable and insufficient (o support onion
production. As a resull. irrigation is an indispensable prac-
tice for onion production in the region,
.Shortage of water in (his region is severe and 3 major lim-
iting factor for increased agricultural production and lood
sccurity in the arca. The great challenge for (he coming
decades will therefore be the task of increasing food pro-

water 3 (1)

CETIET dl EU DYy walipudlliiel

duction with less walcr. particularly in countries with lim-
ited water. land resources and efTicient waler use (FAQ,
2002). According to Kirda (2002). with increasing munici-
pal and industrials demands for waler. its allocation for
agriculture s deercasing rapidly. Therefore. water-saving
i agriculture is more and morc a nccessity and a con-
certed and coordinated effort s required to increasc the
clficiency with whicl avatlable irrigation water used.

Deficit irrigation has been suggested as an alternalive
Strategy for making better use of irrigation water. Deficil
irrigation provides 4 means of reducing water consump-
tion while Minimizing adverse cffects on vicld (English
and Nakamurg. 1989: English and Raja. 1996: Mugabe
and Nyakatawy, 2000: Bazza. 1999: Ghinassi and Trucch
2001: Kirda. 2002: Mao of a1, 2003: Panda ct al.. 2003

Zhang ¢t al . 2004). In (his method. the crop is exposed 10

a certain level of water defici( cither during a Pa“icullHr
period or throughou( (he whole growing scason (English
and Raja. 1996). The expectation is (hat any yield redie”
tion will pe insignifican compared with the benefils
gained throug)y diverting (he saved water to irrigate 00!
r0ps (Eck et al., 1937,
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The response of Onion to water deficit has been reported
bv Samson Bekele and Ketema Tilahun (2007). Aweke
Nigatu er al. (2010). Abdisa Debela ¢ al (2013) and
Tadessc ct al.. (2013) and had shown defici irrigations to
increasc the water use efficicney of onion.

Furrow irrigation is often characterized by low irrigation
elficiency. With proper irrigation management practices.
the efficiency of furrow irrigation can be raised 10 a level
compatible with other method irrigation. To consenve
moisture and  enhance imigation  water management.
Grimes ct al. (1968). Musick and Dusck (1974) and Alivu
(1987) have used alterate furrow irrigation system. Less
water is usually applied in alternate and fixed furrow irri-
gation as compared 10 convenlional furrow irrigation.
Moreover. alternate and fixed furrow irrigations greatly
reduce the amount of surface wetted. leading 1o less
evapotranspiration and less deep percolation. Stone e( al.
(1979) have suggested that the reduced cvapotranspiration
in the alternate furrow irrigation is due (o 2 reduction in
the amount of wet soil surface compared 10 that o €Ty -
furrow trrigation. Musick and Dusck (1974) reported that
water advances more slowly in an altemate-furrow irmga-
tion system duc (o the greater potential for lateral move-
ment. Rates of advance of water down the furrow in ey cn
-furrow irrigation system ranged from 1.23 1o 1 48 times
greater than in the alternate-furrow irrigation depending
upon soil type and slope (Hodges ct al.. 1989).

This study investigated the response of onion (o deficit
irrigation under alternate. fixed and comventional furrow
irrigation system on vicld and water use cfficiency in cen-
tral Ethiopian rift valley region. Thus. the study was un-
dertaken with specific objectives of: (a) determined (he
cffect of deficit irrigation on growth. yield. vicld compo-
nents and water productivity of onion. and (b) identificd
applicable practices of deficit and furrow irrigation under
water scarce condition for optimum yicld and quality of
onion.

2. Materials and Methods

2.1. Description of the Study Area

The rescarch work was conducted at Melkassa Agricul-
tural Rescarch Center (MARC) of the Ethiopian Institute
of Agricultural Research (EIAR). The center is located in
the Central Rift Valley of Ethiopia. Oromia Regional state
[8°24'557 - 8°25'44” N latitude. 39°18"27" - 39°19728" E
longitude| at altitude of 1.550 m.a.s.l. Long-term (1977 —
2010) climatic data indicated (hat annual rainfall and po-
tential evapotranspiration in the area is about 768 mm and
1994 mm, respectively. The mean maximum temperature

water 3 (1)

varies from 26.4 "C to 30.9 “C while the mean minimum
temperature varies from 11.1 "C to 16.5 "C. The soil is
predominantly loam to clay loam texture soils of the area.
The source of irrigation water in the study arca is Awash
River.

2.2, Experimental design and treatments

Three deficit imigation levels. viz., 753%ETc. 50%ETc and
259%ETc and a control imrigation of 100%ETc. and three
furrow irrigation methods. viz.. CFI (conventional furrow
irrigation).  AFI (Alternate furrow irrigation) and FFI
(Fixed furrow irrigation) was arranged in split plot design
in RCBD with three replications. in which the four irriga-
tion levels were main plots and the three furrow systems
were the sub-plots. A total of 12 treatment combinations
were evaluated in plots size of 2.4m by 3m that accommo-
date four furrows with spacing of 60cm and furrow length
of 3m.

2.3. Crop agronomy and management practices
Onion (Allium cepa) sced variely Adama red was raised in
nursery bed and transplanted to experimental plots at spac-
ing of 20cm and 10cm between rows and plants. respee-
tively. DAP was applied at the rate of 200kg/ha at trans-
planting and urca at the rate of 100kg/ha was applicd in
split application at transplanting and 10 days after trans-
planting (Olani and Fikre. 2010). Irrigation water was ap-
plied at allowable soil moisture depletion (p=0.25)of the
total available soil moisture throughout crops growth
stage. The amount of water applied in cach irrigations was
measured using Parshall flume measuring devices.

The study will be supplemented with soil moisture deter-
mination gravimetrically at 20cm interval from the surface
to the depth of maximum root zone depth (60cm). All
other cultural practices other than (reatment variables were
done 1n accordance with the rccommendation made for the
area.

2.4. Data collection and analysis

Data collected comprised plant height. leal number per
plant. bulb vield and vyield components such as the bulb
number. bulb weight. bulb diameter and dry matter of
bulb.  Water productivity and effect of water stress on
crop performance were quantified from WUE and vield
responsc factors (ky). respectively. ‘
The crop walter use cfficiency was determined using the
expression:

L Total buld vield (koha=1
CWUE (kg ha™tmm™1) = . ayield (kgha™')

Crop water use (mm) (1)
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Il
) ach treatmet
Crop water usc (ETc) was determined for eacl

. il-water balance cqua-
for (he growing period using (he soil-water ba
tion;

2)
ETc=l+Rc+AS—D+Gc (

Where:
(Imm)

Lis irrigation water (mm); Re is effective l'fllflf-]lll
and AS s he change in soil water storage for " ICI
Period (mm), D s drainage below the roof zonc (mm)"dtl(
Ge is e groundwater contribution (mm). The contribu-
tion of D and G Were assumed (o be negligible. The AS
Was assumed same the beginning and at harvest and
have jgo contribution (o plang ET.

The field waler use cfficiency was calculated from (he
CXpression:

Total huld yield (;

IWUE (% e~ =1y = ;
2 Grossirrigation applied (mm)

The vicld Tesponsce facqor (Ky) of onion whic relates rela-

live vield decrease (g relative ET deficit under this study
‘was cslimated from (he rg]

ationship:
Ya ETq y
I- — )=, 1- 4
( )'m) k3 ( ETm) &

Where: v, and Y are actual and maximum yielq respee-

tively, ky jg vield responge lactor, ETa ang ETm are acrug)
and maximuym Svapotranspira(jon fespectively

Nel income (NI) in Birr/hy, genery
Was compu(ed by subtracting (e (ot

from (he lotal return (TR) in Birry,
sale as;

ited from onigp crop.
al cos| (TC) in Birr/hy
4 oblaineg from oniop

NI=TR_ TvC )
TC is the sum of FC and VC. Fix

ed costs (FC) are those
that do noy vary between irrigatio

I {reatmenys, i.c. onjon
-land ren( apng farm jm

Plemengg
other hang,

are (hoge that dg
.ie. irrigation Waler ang
M (MRR) me
and CNpressed gs-

labor. The marginal rate of retu

Asures (he
increase in nel income

MRR (%) = AN 100 '
: /) = m X (6)

Where,: ANJ is change ip Ny and AT
The amoun( or saved waler (SW) p
(o irrigation scheduling v,

VCis chan

Cr heetare
as compuyeq by suby

8¢ inTye
of lang due

facling def;.
water 3 (1)

it water application levels from (e l'm‘g‘“ion tre,
C]”l t;SCd the highest irrigation wager level, i Caty,
tha N :

Lo - R (11173

d CFI. The extra irrigable land are, (A) Whigy Ay
= ved by the saved irrigation wager Wwas detepy, “the
scrved b

e fry,
SWms3) ;

== r . Y uUsed Fm3d oo
T Irrigation water useq Un®he =1

“’()
1 ed

A

0

The net income from saved water (NL,) in Birry
obtained from irrigating extra land of arey (A) in
was expressed as:

Mio. = AN x A (8)

The data collected were Statistically analyzeq using

stat software, Whenever treatmeny effects were ngﬂiﬁcam
S

Least Significance Differences (LSD) (e Was ygeq 0
assess the mean differenee among treatmenyg

3. Results and Discussions

Statistical analysis has revealed that p
ters. vield and vielg components were
cantly (P<0.01) by the level of deficit

tion application The data on Table | (o 3 Present megs.
ured data on plant grow(|, parameters. yjg)q and yielg
components, In gl ¢

asc the conqrgl irrigations, 100%ETe
irrigation application anq conventional furroy irrigation
application gave (he highes( measured valyes and had no
significan, differencesg with g 75%ETc deficit irrigation
and alterny(e lurroyy irmigation, Ajl the measured data in-
crease with subsequen increase in irrigation amoun(. This
shows (hy irrigation had significan( effect on growth pa-

fameters of gpjgy, and subsequenly influenced the crop
vield,

ant growqp Parame.
all affeereq signifi.
and furrgy imigs-

I all epge. the loweg Mmeasured daa were recorded from
deficit gy

Gl imigation 4 25%ETe ang fixed furrow irrigation
icati S¢ values hyg no sighiﬁcanl difference
application of S0%ETc and fixed furrow
bplicatio, exeept for Plant height. bulb numbe‘r.

!Cﬂ_f TV mager, lotal ang Marketable bulp yield. DCIT'C”
Irrigation applicatioy of 50%ETc and fixed furrow irrigi
tion applicatjoy BIve below (e mean values of plart
growt} par: vield ang vield com ponents, From lhle
an be concluded 1, for optimum plant gmm_l
ance. up (o 259, waler deficit was (olef
"about 60, reduction of water use b‘ Crol:

Was Possib]a under alterny(e furrow irrigation yithou
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Tablel: Effect of deficit and furrow: irrigation on le

al number. plant height and vield component

Treatments | Leal # per | Plang heiglt Bulb Bulb di- Bulb Bulb dry Leal drv
plant (cm) number ameler weight maller ("-A.) matler (‘;())
5 - . (mm) (gm)
25%ETc 747 33.99¢ H6.11° | 3417 [TH37 10.23" 8.94°
50%ETe 81" 42.32" 35.93" | 4067 | 980" 11.76" 941"
75%ETc 10.57* 51.6° 6744 53.18" | 59.96" 14.29" 9.99"
[00%ETe 12.51" 33.78° 67.78" | 5467 | 67.02° 13.06" 10.24°
L.5D (1%) 2.97 §.71 5.49 1266 | 1298 1.94 0.55
SE+ 0.57 0.71 1.07 2.00 2.47 2.93 0.07
CV (%) 10.0 2.7 31 77 7.9 7.5 1.3
AFI 10.3y" 48,877 948" | 4879 [ 3807 13.04° 9.97"
FFI 1.77 38.23¢ 535.72¢ 36.03° 43.397 12, 13 8.73°
CFI 1128 50.677 62.75" ST 61.59° 13.32° 10.23°
L.S.D (1%) [.32 4.13 507 6.42 6.37 0.94 0.59
SE+ 0.32 1.01 1.23 1.26 - 1.54 0.23 0.13
CV (%) 1.2 7.6 7.2 9.6 9.8 6.1 5.0

Table 2: Effect of deficit and lurrow irrigation on total
bulb vicld

Deficit level Yicld (1/ha)
253%ETe 3.83°
309%ETc 13.19"
T3%ETce 20 06°
100 ETe 22.87"
L.S.D (1%) 2.68
SE+ 0.52
CcvV (‘l'(,) 3.1
AFI 16.28"
FFI1 13.89°
CFI 17.12]
L.SD (1%) 1.49
SE+ 0.36
CV (%) 7.9

Table 3: Effect of deficit and furrow irrigation on markel-
able bulb vield

22,1 vha was obtained from 100%ETc application under
CFI system. and this was not significantly diffcrent to the
marketable yvicld obtained at 75%ETc under AFI system
(P <0.05). Generally. under all irrigation systems the pro-
portion ol marketable bulb vicld showed increasing trend
for an increase m the irrigation application level

Table 4 and 3 present the crop water use and irrigation
water usc cfficicncics. The highest CWUE and IWUE
were obtained from 73%ETc application. Treatment re-
ceiving 75%ETce irrigation under AFI application resulted
i higher CWUE and this had no significant difference
with the 100%ETe and AFI irrigation application. The
lowest CWUE and 1WU were obtained from 23%ETc
under CFI application. However. the CWUE at 25%ETc
apphcation under all furrow irrigation application had
shown no significant difference among them,

Table 4. Effect of deficit and furrow irrigation on CWUE

Deficit Irrigation systems Deficil Irrigation svstems
Levels AFI FFI CFI Mean Levels
2S%ETe | 2.0° | 26d° | 316 | 291 APt [ FFL | CFl | Maan
30%ETe | 10035 | 7087 | 122% 9.80 23%ETc 3239 | 20307 | 2518 | 29,0
753%ETe | 2174 | 1357 | 2174 | 19.02 ' sl -
0/ S0% ETc ; = .
W0O% | nsor | 1ass | 22000 | 1958 ’ 62.08° | 5376 | 4417 | 533
| BT —
Mean 1402 | o5 [ 482 [ 1283 TI%ETe L3331 | 71900 53.87' | 69.6
LSD(3%) =249 SE+=0.34 100, . seiiie: | 0317
(5%0) ETC" BLEI® G675 | 7Y | oes
Mcan
¢ 35 3 3
The marketable vicld was sclected based on size of (he 04.9 35,6 434 346
bulb (43 em — 60 cm diameter) and these were considered LSD (1%) =771 SE£=1049
as medium size. healthy and weighing greater than 30gm CV(%) =88
with no doubles or splits. The highest marketable vield of
water 3 (1) 71
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oo on IWUE
Table 5- Effect of deficit and furrow irrigation 0

e e
Deficiy Irrigation systems
e Mean
AFI -] FF1 | CFI | Mean |
m 522 472 | 343 .6
WE? 90.6 78.5 55.8 75.0
HETe 7154 [ses | @3 | oLz
\.\
= ] 35.8 78.4
ETc 98.2 1.1 55.8
Me&j 8835 | 759 | s26 | 723
L-S-DE%)‘= 10.76 SE+ =566
— CV(%)=9.6

The resyly of WUEs' indicated that more cfficient water
use could be attained with 25%, reduced water use undaCr
conventiong] furrow irrigation application and about 62%
reduced waer yse under AFI and FFI application. Hodg§5
ctal. (1989 Ieported that one way to improve efficicncy is
10 reduce water ang consequently. pumping costs withou!

Sigﬂiﬁcanlly reducing vield through use of alternate fur-
Tow irrigation

i
i
|
1

sents the relative yicld [cducu'o,L Ch,

- nd vicld response mc’f’""‘-" Obsery v
deficil d' ors (Ky) ranged bCl\\C‘Cn.(),43 ing I-fclq rQ: ;
sponsc ﬁ:C magnitude of ky value indicy (o the se')“ .
Jowest. T ]cfor :’,mcr stress and subsequep Vil dnsui‘.il)
of the cro}: irrigation application a( 25%ET, ap:,?reaﬁq
All l‘urro\mohcsl Ky-value. The Toweg was g elca“
gave the ' a]iczllion under all furrow imgﬂlion Deg ;
73%ETC Jpg-n(. (o Smith and Kivump (2003 aleica‘
Acco[::rl liil" unity indicates (he relag
;ghcr than the water deficit.

Table 0 pre

(ion.
value gree

aceis h e
crc.lsg (ail evaluation of the cconomic Waler
The dclé

s 1, Uetjy,
irrigation (reatments has shown that (ep, Wag j,
2l mlad of net income (NI) for increage jj,
o (ren

: ”lc
ive . -k
Ive .\'lcld k|
C

AT

Cry
Aler G,

; apn:
ing level. Table 12 reveals that AF] applicapi, ‘DD;l?;,‘
“f’r” ;cﬁc‘il level had the highest benefjy Obtaipgy %
ETc

aved irrigation water. It had 21.159 a n cconomie , "am,:m
s‘r 120.090.5 birr [rom saved irrigation “'(?lcr 1 ],Cq &
0. ~l o conventional method of furroy irrigy rp
over ’\.]lil income which can be obtaineq from n
I]l;itcin ‘in\-cslmenl c-osl is dc;cr'ibcg as_ .m Aging] 3 ;;r;r
return (MRR). The hlghc_sol MRR “as 5522 g, 2 ,amm
from AFI application at 73%ETc defici leve] (T,

liop
)]
Unj

' i ¢ factor for onion
Table 6- Relative yield decrease. relative ETc deficit and vield respons

This shows thay T- can be (he most preferable type of jrri-
gation schedule (o all other tested irrigation schedules as jf
can generate more profit per extra addition investmen.
The highes CWUE and/or | WUE and reduceq labor costs
associated with T, enabled (he combination (o ataip the
highest MRR of all other treatmeny combinations. Mayi-
Mum yield could pe obtained witl (he fulfillment of (e
entire crop water requirements, However. practicing defi-
Cit irrigation can Increase (he irrigated area or the fre-

water 3 (1)

- v
| method Deficit level (t/ha) (mnﬁ) P (}17’4 0RIa T 0.76.“\]\9":1
259 5.83 180.1( 43 2 .
i :(;‘;:EIE 13:7 217.00 0.74 0.56 0.26) 8# \1\7&
A 73%ETc 2194 | 26340 0.90 0.92 0.1¢ .08 %
100%ETe | 2389 | 292.00 1.00 1.00 0,90 0.(,9 o
S 25%ETe 528 | 180.10 0.62 0.27 0.38 0.73 oy
S0%ETec 11.67 | 217.00 0.74 0.59 026 041 5
FFI 75%ETc 18.89 | 26340 0.90 0.96 0.10 0.04 Ny
100%ETc 19.72 292.00 1.00 1.00 0.00 0.00 7
—— 25%ETc 6.39 | 253.70 051 0.26 0.49 0,74 E
S0%ETc 4.4 | 327.00 0.66 0.58 0.34 042 BT
i 73%ETc 22.64 | 42020 0.85 091 0.5 0w T
e i L J00I2ET, 25.00 [ 496.90 1.00 1.00 0.00 0.00 :

quency of cultivation. For many crops. high yields a5 well
as high water use efficicncy values can be obtained pro-
vided (he righ chojce ol the period of water application i

made. With a limited vield reduction, the cropped area can
be also doubled. with a substan
returns (Bazza. 1999),

al increase in €conomic

I/
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Table 7: Partial budgeting and MRR an

alysis for onion production in Awash Melkassa

"—Trcnlmcnls :le:]\) AMY (v TR TVC (bur/ T T NI
Tl 39 T? (irr/ha) ha) (birr/ha) (%) (birr)
T2 % = kbl 8377 135173 1613.6 30687
T3 3.2 59 '3163 837.7 12527.3 1495.4 37707.2
T4 101 ;~1 13549 1674.2 14163.8 846. 1 201154
T5 7] o 20205 1281.7 487133 3800,7 979137
T6 23 = 35143 1281.7 33863.3 2642.1 68065.2
T7 5.0 = 60885 2562.1 583229 2276.4 425757
— , < ! 94030 1672.7 92377.3 55226 120090.5
- 13 1?2 £t 67320 1672.7 636473 3924.6 853415
TI0 19 i)4 106920 33442 103575.8 3097.2 27963.5
= 1o 113335 21841 1111709 5090.0 93383.6
I:l lf's 133 73260 21841 71075.9 32542 59703.8
- 23.6 21.2 116820 4367.1 1124529 2575.0 0.0

4. Conclusions

The ficld experiment on defici irmigation under CFI. FF
and AFI practices has revealed (hat high crop perform-
ancc. vicld and vield components of onion could casily be
sustained with no crop water use reduction and a crop-\\‘n-
ter use reduction up o 25% had no significant reduction
under CFI. Moreover. lurther crop walter use reduction of
about 62% was possible for onion without g significant
vicld reduction using AFI. The CWUE and I\WWUE of on-
ion were highest under 73%ETc a deficil irrigation and
AFL application and had no significant difference with (he
control irrigation of 100%ETc and AFI application. The
Ky-values was greater than one for deficil irrigation appli-
cation of 30%ETc and 23%ETc in all furrow irrigation
application and the value indicates the sensitivity of (he
crop for the water deficit irrigations. The control irrigation
and 75%ETc deficit application under all furrow irrigation
gmve Ky-values less than one. The cconomic waler pro-
ductivity ol irrigation treatments has shown that there was
incrcasing trend of NI for increase in water application
level and AFI application at 753%ETc delicit level had the
highest benefit obtained from saved irrigation water. It had
also an cconomic advantage of 120.090.3 birr from saved
irrigation walter per hectare over the conventional method
of furrow irrigation. The water saved under the condition
ol 73%ETC deficit irrigation application and using AFI
irrigation application was about 62% of crop water usc.

water 3 (1)
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Groundwater quality issues in the Geba basin, Tigray, Northern Ethiopia.
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Abstract
i The Geba basin is found in the northern part of Ithiopia, the river is one of the tributaries for Tekeze Athara which is a
feeder 1o Nile river. Groundeater is the main source of water supphy in the Northern part of [ithiopia including Geb-n
' pasin, where the rainfall is small and erratie. 1ith the current socioeconomic situation the need for more grounchrater s
‘ inereasing from time to time. The main Aquifer svstem in the area is characterized by carbonate rocks which are :
‘ the Antalo supper sequence. 1 total of 24 samples has been collecred from the basin and analvzed for all nmjnr ions in-
cluding minor and (race elements. The growndvwaier were Jound 10 fall info three groups: Ca-SO4 , Ca-Mg-SO4 or Mg-
Ca-SOA, or Ca-Mg-LICO3, or mixture of the two. The ground water from the Antalo super sequence particularly from the
shale-marl-limestone intercalation were found 10 he high in satinity, sulfate, boron and arsenic with concenlration (lf)n\’e
the WHO limits. Gypsim and basie voleanics appears 1o be the main source coniributing arsenic and boron to these ywa-
ters. Since arsenic and boron are hazardous 1o healih, proper vater manageniciit practices should be implemented 1o use
the potable water front the shale-marl-limestone aquifer. Therefore it is recommended 10 drill deep wells 1o 1ap betier

qualipy vater from the Limestone formation

Jrovwn as

Keywords: Ethiopia. Geba basin, grounchvater quality, Anialo supersequence, grounchrater managenent, Enticho sand-
sMone

related to the groundwater quality with special emphasis

1. Introduction plgE
on salinitv. boron. arsenic and sulfate concentration in

‘ Water availability. water quality and food insccurity have '€ Of their sourees.

; been the major issucs of Ethiopia. According to the minis-

: trv of watcr resources (MoWR. 2001) the probability of 2. Description of the study Area .

| 1161‘11];1] rainfall in the northern half of Ethiopia is decreas-  The Geba catchment is situated in northern part of Ethio-
ing every vear. The majority of the rural community docs pia between 13°16" and [4°16' N and 38°38" and 39°49"E
not have access for safe drinking water, The national
drinking water coverage stand at 49 percent as of 201 las
reported by the WHO and UNICEF joint monitoring pro-
gram (JMP. 2013). Present supply of water for the major
towns and rural arcas of the Tigray Region is from wells

(Fig.1). The arca is drained by the rivers Suluh. Genfel.
Agulac and Nlala that are tributaries of the River Geba
which flows mainly during the rainy season cxtending
from Junc to September. The Geba River itself is a major
tributary of Tekeze River that joins the Nile in Atbara.
and springs. Sudan. The Geba basin covers an arca of about 3.130 kimn”
In order (o mitigate these challenges. extensive use of with clevations varyving from slightly over 900 m at the
sroundwater has been considered as the viable option, The — discharge site towards (he southwest of the basin. (o

about 3.300 m at its watershed boundary near Adigrat
(Figs. I). The basin is semi-arid with an average annual
rainfall varving from 400 mm (o 950 mm. and temperature
varving from a minimum average of 6.5°C in the Atsbi
platcaus (o a maximum average of 32°C ncar to the dis-
charge site. The total annual average precipitation for the
basin. based on 17 stations throughout the catchment. is
626 mm. Most of the annual rainfall in the arca (77%).
like in most other parts of (he country. is confined (o a
short period locally called “kiremt . which extends from
Junc to Scptember.

cfficient use of this underground resource is not only con-
trolled by its availability but also by its usability. which is
mainly related o its chemical quality and also proper
management practices.  There is no systematic study on
the hvdrgeochemistiy of (he groundwater for (he whole
Tigray region. These issucs in the region motivated us (o
undertake this investigation on the Geba basin.

In order (o address these problems. a hydrogeologically
representative smaller basin, the Geba basin. within the
Tigrav region (Fig. 1) has been chosen (o address issucs

water 3 (1)
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The rest of the yeqr (8 months) is generally dry with occa-
sional ligh precipitation in some parts of the basin. The
Water balance of (e basin estimated using wetSpass
Model (Baiclaan. ang pe Smedt. 2001. Gebreyohanne.
2009) shows (hay 76% of the precipitation is lost through
Cvapotranspiration, 18% as surface runoff, and only 6% of
the Precipitation recharges (he aquifers,
H_\'drogeologicnll_\' the arca is characterized by complex
8eological. hydrological and lopographic conditions. As a
resull. i jg difficult 1o define a regional aquifer, Most of
the groundwater syslems are cither local flow system or
intermediare Mow systems which in some cases. are inter-
cepled by faulgs, Enticho sandstone. melavolcanics.
Antalo Supersequence are (he main waler supply aquifers
that are being apped by the (ube wells (Figure 2).

3. Melhodology

Samples were collected from functional wells currently
serving the water supply nced of both urban and rural
community. The wells are selected mainly because of (heir
representativencss from geological. hydrogeological and
cnvironmenial perspective. Most of (he sampled tube
wells are shallow. wil, depth varying between 30 and 30
m and an average depth of 35 m. The static groundwater
water level in the shalloyw tube wells vary between 4 4 m
and 32 m. How cver. there are few deep (ube wells with
depth varying between 37 and 120 m. Samples were col-
lected in clean polythene water bottles and immediately
transported (o India with appropriale packing. pH and
clectrical conductivity of the samples were measured in
the field using Orion 4 s(ar pH and conductivity meter.

Figure 1: Location map of cresceny shaped Geba basin
showing the drainage and sample location

Major ions (Ca™. Mg™, Na', K*. HCO,", s0,*, CL),
trace clements (Fe. Mn, Al, B, As. Cr. Cd. Ni. Zn. Pb) and

water 3 (1)

Si0~. F (Table 3) concentrations in (he Walg
wcrc; determined at the Department of Eary
dian Institute of Technology 80111-be.|y using conye 1li;) N
methods such as. titration for ;11](‘nlllmly..ion seleciy, 2 ng|
trodes for (F~ and CI) and turbidimetric Methog for ch.
fale. Indhclivd_x coupled plasma - atomje cmiSSion 4 ul.
troscopy (ICP-AES) was uscd (0 measyre the Caliops
tracc clements. Duplicate samples were analyzeq (o
the reproducibility of the data. To evalua(e the accure, :
the chemical analvses. clectro neutrality hag l !

ined and it has shown a value of less (hap 5 %
cate samples have also shown almost cxacq repetition o

R* 0l 0.999.

g
é
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Figure 2: Geological column of Geba basin (Afier Ge-
brevohannes. 2009),

3. Results and Discussion

H)'(ll‘()CllL‘lllis(l"\' of groundwater
stone and Mectavolcanicy aquifers
These

from Enticho sand-

aquiler constipy(e mainly recharge arca between
2554 and 272 (masl). Maximum depth of sampled wells
is about 80 m. Maximum sgatic water level is 32,3 m. The
EC ranges from 85 nS/em (SBH3) 10 397 pS/cm (SBH2)
with an average value of 192 uS/em in sandstone and
from 425 1S/em 10 1056 uS/em in metavolcanics (Figure
3). The low EC value in Enticho sandstonc related to the

nature of the rock ang js topographic position. The domi-
Mant cation is Ca™ it an

mg/L followed by Mg~

16 mg/L, The dominan(
lollowed by

waler type js

average concentration of 48
with an average concenlration of
anion is HCO,'" with 177 mg/L
Cl (33 mg/l in melavolcanics.) The ground-
Ca-Mg-HCO; (Figure 4).
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Figure 4. Major ions concentration in mg/l for samples collected from Enticho sandstone and metavolcanic aquifcrs

Hydrochemistry of groundwater from Antalo Superse-
quence

The Antalo super sequence constitutes the main discharge
arca of the Geba basin. This scquence has two main aqui-
fers: limestone and  shalc-marl-limestone intercalation.
The clectrical conductivity of the groundwater from the
limestone ranges from 746 pS/cm to 879 pS/cm with an
average value of 812 pS/cm (Figure 5). The average cle-
vation for the sampled wells from this aquifer is 2244 m
above sca level. The dominant cation is found (o be Ca™

(average concentration 116 mg/L) followed by Mg=" (33
meg/L) where as the dominant anion was found (o be
HCO;'"" (233 mg/L) followed by SO, (93 mg/L) (Figure
6). The water type is mainly Ca-Mg-HCO; type (Figure

water 3 (1)

CGener at ed

7).

The groundwater from this formation has conductivity
value in the range of 1245 pS/cm 1o 2290 pS/cm. The av-
crage clevation of the wells is 2053 m above sca level.
Groundwaler from this aquifer shows high electrical con-
ductivity and total dissolved solids. The dominant cation
is Ca™ (average concentration 291 mg/L) followed by
Mg~ (37 mg/L) where as the dominant anion is SO, (637
mg/L) followed by HCOy' (277 mg/L). The water type is
mainly of Ca-Mg-SO, type. The water samples in this
formation registered high B content ( 0.25 10 0.83 mg/L)
compared 1o the rest of the samples [rom other formations
(< 0.17 mg/L) (Figure 6 and table 1). The water type in
Antalo supersequence is mainly Ca-SO4 or Ca-Mg-SO4
or Mg-Ca-SO4 (Figure 7)
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Table I: Samples having one or more clements above the WHO standards

[ Sample 1D | Asaque/h) [ 18 g/l | SO4 | amg/ly | CHamg/ly | Aquifer tvpe
WUBHS 760 1103 Shale-marl-limestone
WUBHA 670 279 Shale-marl-limestone
SBHH 1163 Enticho sandstone
LENBLHA 12.62 Limestone
N2 1094 Shale-marl-limestone
WUBLHI S8 Shale-marl-limestone
WUIBLH2 106 720 040 Shale-marl-limestone
WU S0 887 shale-marl-limestone
EENBLT NS Shale-marl-limestone
[BNRIRE! 330 3062 Shale-marl-limestone
WO 2003 | 10 SO0 SO0 250

6. Conclusion

The quality of groundwalter (except for one sample SBH4)
occurring in Enticho sandstone and Metavolcanics is good
with all the dissolved ions and trace clements falling
within the limits preseribed by WHO (2003) for drinking
water. Sample SBH4 has registered arscnic content ( 11.6
ng/L) above the limit prescribed by WHO (2003) of 10
ng/L. Morcover. groundwaler occurring in older limestone
ol Antalo super sequence (Iving above Adigrat sandstone
sce fig. 2) is also having all the dissolved ions and (race
clement withm (he potable limits prescribed by WHO ex-
cept for one sample (ENBH3) that has arsenic 12.63 pg/L
which is above the limit for safe drinking water (Table 1).

The major groundwater quality problem in the arca is as-
sociated with the shale-marl-limestone  aquifer where
some samples have shown very high sulfate (=500 mg/L).
boron (0.3 mg/L). arscnic (> 10 pg/L) and chloride (>
250 mg/L) which is above the recommended value of
WHO (Table 3). Incidence of boron related discases are
common in the'world and the common discasc is the pros-
late cancer. This problem is very scverce in population
working in boron mines (Miiczzinoglu ct al.. 2011). 1t is
fortunate that the shale-marl limestone aquifer is found at
the downstrcam side of (he groundwater flow system

water 3 (1)

therefore Enticho sandstone and the metavolcanic remains
fit for human consumption except for the water from well
SBH 4 that contains arsenic just above the permissible
limit of WHO (Table 2). Since the population heavily
depend on groundwater for drinking as well as for agricul-
tural and other purposes. a strong waler management prac-
tice should be adopted to safeguard the Enticho and
mclavolcanic aquifers. There arc no reports on prostale
cancer occurrence in villages within the Geba basin. Per-
haps it is advisable to investigate this problem. like that
has been done in Turkey recently (Muezzinoglu ¢t al..
2011) (o take appropriate remedial measure to save (he
population. Besides As and B. groundwater sampled from
shale-marl-limestone aquifer near Mckelle town has very
high content of Zn. possibly due 1o contamination from
scwage.  Zine loxicily to vegetables is very common in
Ethiopia where groundwater is used for irrigating such
crops.  Accumulation of zinc in soils (conscquently in

groundwater) is reported (o be due to contamination from
scwage ( Prabhu. 2009).
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Abstract

Background: Access 1o safe water is a fiundamental man need and, therefore, a basic munan vight. Poor sanitalion
practices in-a commimniny serionshy affect their health conditions. s a result, the quality of protected water sources can be
deteriorated due to poor site selection, inadequate protection and unhveienic management facitities. | ‘
Objectives: The atm of this studv was to assess bacteriological quality of drinking water ane 10 survey .'he' possible ..\m-u-
rary risk factors which associared with water handling practices ar household level in Arba Mineh tawn, Southern Ethio-
pia. '

Methads: 1 cross- sectional comnumine based stuch was carvied out in Arba Minch town from November, 2010 to .]r?mr:
arv, 20010 total of 126 water samples were collected fiom main source, reservoir, pipes and /mz.t.s'elmld.\m.'vcr in3
,-“'um(_w_/m- bacteriofogical analvsis aid it was candieted in Arba Minch Regional Laborafory. Level of cunl‘f.‘umnmum was
determined on the hases of 1otal coliforn and fecal thermotolerant coliform existence in sampled warer. I tlm'.'/[r. data on
water handling practices at household level were also surveved by using a pre- tested struectired qumrimm(r‘u'v method,
Resulis: Twentyv (10025) and eleven (33%) of household warer samples vwere contaminated with 1otal coliform amlfm'cql
coliform bacteria respectively. Similarly, two (10%) and one (3%) pipe water samples had total coliform aid faccal coli-
/m-,}. bacteria respectively. But 100% of water samples that taken from hoth main source and reservoir waler were Sfiree
front any indicator bacieria, )

Conclusions: Water samples at pipes and household level were contaminated with indicator bacteria in the studv area.
Poor sanitation, low level of hveiene, differences in socio- economic background & education level, inadequate H'c‘nfmem.
and corrode pipes in distribition lines might be the causes for indicator bacterial contamination. Therefore, training of
local peaple 10 look afier the water supply svstem, extension of hvgiene and health education on sanitation could have a
notable impect for the provision of safe water supply both at commmity as well as household level.

Key words: Indicator bacteria, main source, reservoir, pipe, household water, hveiene, Arba NMinch

Introduction dling practices also contribute for contamination of drink-

ing walter at houschold level (3).

Contaminated water jeopardizes both the physical and
social health of all peoples. According to WHO. more
than 80% of diseascs in the world are attributed (o unsafe
drinking water or to inadequate sanitation practices (1).
Glabally. 1.1 billion people rely on unsafe drinking walter
slourccs from lakes. nvers. springs and open wells (2). In
Ethiopia. three-fourth of the health problems of children is
communicable discases arising from the environment.
especially water and sanitation (3).

Water mayv be contaminated with indicator bacteria at the
source but contamination miay also occur during distribu-
tion. (ransportation. or handling in houscholds or other
working places (4). Inadequate protection of water collee-
tion and storage vessels. and unhygicnic/unsale water han-

water 3 (1)

Deltection. differentiation and enumeration of Entrobacte-
riaccac family particularly coliform groups are of primary
importance in the microbiological quality control of drink-
ing water. This is because of they are used (o measure/
evaluate contamination level of drinking water and its
efficiency of treatment (6).

Assessing walter quality is significantly contributed (0 re-
duce water borne-discases. (o increase Ingiene status of
the socicly and to improve quality life for both rural and
urban populations. However. quality of drinking waler is
becing questioned due 1o reduction in sanitation and incre-
ment ol environmental pollutions. Access 1o clean potable
water in most of Ethiopia is estimated at about 13% and

most people are required to drink water from unprolccled
sources (7).
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Analysis of drinking water from source to the point of use
has been done in differen parts or regions of Ethiopia by
differeny fescarchers. However. no study has been donc on
the bacteriological quality of drinking water from main
source water 10 houschold water. and surveying of water
handling practices atindividual home level in Arba Minch
own. The aim of this study. therefore. (o assess bacterio-
logical quality of drinking water at main source. reservoir.
along pipes angd houschold level. and to survev the possi-
ble saniary risk factors v hich are associated with water
handling practices atindividual home level in Arba Minch
lown. Southern Ethiopia.

2. Materials and Methods

Across-secliong] community based study was carried out
in Arba Minch town from November. 2010 1o January.
2011. One main source and one resenvoir walter sampling
sites were selected by using convenient non- probability
techniques. Bur. 20 Private pipes and 20 houscholds w ere
sclected through probability sampling techniques particu-
larly svstematic sampling methods from 1] kebeles which
could be grouped into 4 differen Strata based on geo-
graphical location and population sizes. Frequencey of wa-
ler sampling techniques was determined according to the
guidelines of WHO (8) and Cheesbrough Monica (9),
Bacieriological quality of drinking water from main
source. resenvoir. private pipes and houschold were ana-
Ivzed in 3 rounds. The water handling practices at individ-
ual home level were also investigated by using pre- tested
structured questionnaire survey method.

For bacteriological analysis. 200 ml of water sample was
collected using a sterile 250 mi glass bottle and trans-
poried to the testing laboratory' (Arba Minch Regional
Laboratory) by using insulated Cold Box within 6-8 hours
of interval. However. to transport chlorinated water from
resemvoir site. 0.1- 02 ml of Sodium  thiosulphate
(Na:$:0;.5H-0) was added to cach sample collection bol-
tle 1o neutralize chlorine or chloramines chemical, The
number of total coliforms and thermotolerant coliforms
was determined with the membranc Mltration methods
using Membrane- Endo agar (Wagltech intermational Lid)
medium (9. 10). For the determination of total coliforms
and thermotolerant coliforms. incubation was carried oult
at 37'C and 44°C. respectively. Confirmatory 1ests were
also donc (o ensure the existence of total coliforms and
thermotolerant coliforms as well as pathogenic bacieria by
using biochemical test methods such as indole lest. citrate
utilization test. Oxidase test. Ivsine decarboxylase (LDC)
test and motility test.

water 3 (1)

el dl cu

Furthermore. handling pmclilccs a! individyg] home |
were assessed through questionnaire methods The o
tions were adopted [rom WHO and al;SCSsmem of (he Con‘
ditions of houschold \\aller containers  wyg Ublaine
through obscrvation checklist (8). T].lcn_ the resyjg Ty
teriological analysis (number of coliforms ang ”‘Cl'moloL
erant coliforms) were compared r\ulh the slandards sl
WHO (11) and Ethiopian MimSIr_\_' of Water RCSUUTC;E
(12). Finally. data entry and analysis was done by i
SPSS (16" version) computer package systen

marized by aid of descriptive slatistics
lincar logistic test methods.

Cy o

|~

and sum.
and mulli\'ariale

3. Results

In this study. a total of 126 water samples were Collecieq
from main source. rescrnvoir. privale pipes and houscho]d
containers in three rounds (o delermine b“C‘el'iOIOgicai
quality ol drinking water. According to table-1 gpq Fig, 1,
1(100%) of both main and resenvoir water samples g ()
cw/100 ml of both total and themotolerang colifory
counts. Whereas. 18(90%) and 2(10%) of tap water sap.
ples had total coliform counts ranging from 0 gnq 1-10
chw/100 ml. respectively. While. 19¢95%) and 1(3%) of
pipc water samples also had thermotolerant coliform
counts ranging from 0 and 1-10 cfu/100 ml. respectively,
Analysis of houschold water samples also revealed (ha( 29
(100%) had total coliform counts (hal range from | 1-100
cfw/100 ml water, However. in the case ol thermotoleran
coliforms. 9(43%) and 11 (53%) ol water samples had
counts ranging from 0 and 1-10 cluw/100m]. respectively.

4. Discussion

Health is determined by many factors. including income.
environmental conditions like access o adequate sanifg-
tion and safe drinking water supplies. behavioral change
and availability of heal(ly services. Thercefore. indicalor
bacteria such as (o] coliforms and thermotolerant/ faccal
coliforms have beep used 10 measure water quality and
personal hygiene standards ina variety ol settings (13).

In the present studv. the average counts of total coliforms
and thermorolerang coliforms from both main source and
resenvoir water did mege( both international as well as na-
tional standard values for drinking water. However. some
Pipe water samples and almost. all household water sam-
ples were found above (he recommended value of WHO
(11)and Ethiopian Standards (12). Generally. the presence
of indicator bacteria in Pipe water could be attributed due
lo Cross-contamination between the municipal waler sup-

Py and sewer/soil. dye (o leaky/corrode pipes and lack of
waler pressure (14).
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Table 12 Comparson of bacteriological yean|
and Mimstey of Water (12), Ara Minch, 2010/ |

t ol pipe and Dowschold water with the recommended vatues of WHO (11)

Name of Caoliforms

Recommende)
values (cfu/100 mi)

Pipe water

Hougchold water

P- value

(n=2()) (n=210))
0 14 (90 .
Total coliform bt 2 (10%) -
otal colifo Py
’ NEL : 20 (10017%) 05
TOJ-100)0) . -
- 1001) . :
Total = 20 (100%,) Total= 20 (100%,)
() 19 (:}c)r%l) ] (45/;”)
|-11() ‘ £
‘Thenmatholerant T 1 (5%) 11 (55%) < 0.0
coliform -100 - -
1O1-1000) . -
~ 1000 = B
Total = 20 (1007%) Total 20 (1007

Note: O = Sale/bixcellent water, 1-10 -

ler and — 1000

Very dangerons swater ranges,

I!cmmu:hlc/::cccplnhlt; waler, 1 1-100 = Polluted water, 1011000 -

Legend

0 "Safe range”

1-10"Acceptable range!

dangerons wi-

11-100 "Polluted range”

100 .
90
80 i
70 i
g, 60 :
E S0 | .
5 40
2 30
20
10 i
0 = = B e ;
< QL ,gt (4(. ,{»C. QC.. ,&C., QC'
S F T F RS

Figure 12 Panges of Te and Fe bacteria from main source. reservoir. pipe and houschold water,

Sampling sites Mcean & S.E of Tc counts/100 ml Mecan & S.E of TTc counts/100 m| P=- value
Main sonrce (.00 =+ ) 1))} .00+ () (i)
Peseryvoir (.00 0,000 0.00 = 0 .00
Pipe water 0.75+ 0.30]1% 0.200 £ 0, 100)**
Household water 14,50+ 09327 2.08 £ 0),389%% < 0.035
Total 7.26 1.37

The resnlis of (-1est showed that there were statistically significant differences betsyeen pipe and houschold water (P -~

1.05) for total coliform and thermaotolerant coliform bacterial conms, But. (-1es1 can’t be ¢

omputed for main source and

rescrvoir water, This is becanse of their standard deviation is zero and therefore. not statisticalls significant (Tabhle-2).

water3 (1)
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Note: 1) SE= Sindard Error. Te= Total coliforms &

TTe= Thermotolerant coliforms

2)* Mean and S.E of Tc counts from pipe & housc-
hold water

3) ** Mecan and SE of TTc counts from pipc &
houschold water

) * P = t-test for significant differences between
the mean of pipe and houschold water

The resulls of questionnaire survey on water handling
Practices at individual home level in the study arca re-
vealed that 70 (70%) of (he houscholds responded that
they don't wash (heir hands before water collection. 75
(75%) use bucket for water collection and storage process
and 80 (80%) also reported that they store waler in their
home for at least more than 2 days. Again, 75 (75%) re-
sponded that (hey practice dipping method (o transfer
drinking water from slorage containers. 33 (55%) an-
swered that they have g habit of placing/putting water
drinking wtensils on floor and 45 (43%) replied that they

don’t wash their hands with soap afier visiting (he toilet
(Table 3).

Table 3: Summary of major unsafe water handling prac-
tices as identified from individual houschold Ieyel by us-
g questionnaire survey method (n=100) at Arba Minch
lown in November, 2010,

% of respon-
Unsafe water handling prac- dents
tices Yes No
Habit of not washing hands be- 70 30
fore waler collection
Collecting water using bucket 75 25
Storing water at home morc 80 20
than 2 davs
Transferring  water using dip- 75 25
ping method
Placing water drinking utensils 55 45
on floor
Habit of not washing hands af- 435 35
ler visiting toilet with soap

When the mean values of total coliform and thermotoler-
ant/faecal coliforms counts were compared between water
sampled sites. houschold water had high mean valye
(P<0.05) as compared 10 other sites particularly (hat of
source and pipe water. This is in agreement to the study
done in another part of Ethiopia which showed that water
stored inside household container had often a worse bacle-
riological quality than water from other sources (13, 16).

water 3 (1)

This high contamination qf Ilousc.ho[c!v'\\zm‘:r by (of;
(hermotolerant/ faccal coliform bacteria may haye arise
because of waler drawing cups placed .on the groung Prior
(0 being dipped in (o the stOf'zngc conlainer, Water coyjg be
contaminated during collection. transportation, Slorage i,
open vessels. or in vessels that arc nol “”Sth."Cgllfarl_\-
and immersing dirty (soiled) hands \\.‘|ch11 dr;m'ullg Waier
might be the possible rcasons fgr the sn.gmﬁczml dln‘cmncC
in total and themotolerant coliforms in houscholyg Waler
(17). , .-

In the present study. the sanitary sun c_\'. ;_1[ indivigy,|
home level was able to indicate the F011(1|t10n of Water
handling practices in relation lq soc10-cconomic .
ground. cducation level. family size and occupation. The
siluation in Most cases Wils VCry poor as compared (o (he
studies that were conducted in other parts of Ethiopia par-
ticularly in North Gonder and South Wollo (13, 18). This
might be due to poor health awareness. poor persongl hy-
giene. dillerences in socio-cconomic & education back.
ground and having different family size among individyal
home level in (he study arca.

5. Conclusions and Recommendations

In conclusion. bacteriological quality of most sampled
water sources in the study arca did meet both national and
mternational guidelines value set for drinking water and
recommended for drinking purposes from bacteriological
point ol view exeept houschold water which crossed
WHO guidelines. Poor sanitation. low Ievel of hyvgicne
and differences in socio-cconomic & education back-
ground might be the chuses for the contamination of
houschold waer by indicator bacteria (total and thermo-
tolerant coliforms). Therclore. training of local people to
look after the waer supply system. extension of hygicne
and health education on sanitation could have a notable
impact for the provision of salc waler supply both at com-
munity as well as gy houschold level
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Abstract

The main objective of this stud was 1o estimaring rimnoff in ,,,;;;uu,g’v ight, Are GIS V.30 Climate Forecast Sysyey, Re
odologies 1o ungauged sub-basiny of the Omo Gibe River Basin. 1151 -”l o s he problem of limitation ;')/' 1 2
analvsis (CI'SR) elobal climate data aned excel spread sheet has been applied. 1o ,\(.) _‘ (- / o ).“mm” oy : ‘C {Mate
dta wieilifare urc:a/ average CISR gridded global climate data with station weal u\((‘.’ll,::( ‘!:('/ml;cm\' u/:h'l ”/(, i‘l-n/ua!cd
results of gricded CFSR and station precipitation data are very good for all ‘Jm’,"u’m/_j_;w.f ’ i(‘"( . | 0.6 # ‘ﬂ'-\flf.

Bar graph of CISR precipitation is best fit 1o station precipitation and scatier plot of 17 is greater than 0.6 for all evqp,.
ated sub carchments. ; g

Using gridded climate data and HBY Light rainfoll-runoff model atomatic calibration was done 109 gauged c-z‘ri.cfim(,m_‘.l
The jnodel was calibrated for period from 1979-2008. The performance of the model was evaluated on the basis of per-

o catclunents using parameter regionalization Met).

Jormance efficiency (Reff), efficiency: using weiehted crrors (Reff weighted), efficiency using Q) tlog Kef) coefficien of

. . > 3 "o ’ » il _“1-:'_-,‘, .
determination (-),mean difference (mean diff). The overall perfornance of the model appears good. The 1= is greater thay
0.0. The hydrograph fit benween the estimated and ohserved is alse adequatel: represented: By using parameters of these

9 sub-carchments parameter regionalization is done 1o unganged caiclients. Afier catclinent parameterization yway done

Slow was predict for 13 ungauged sub carcliments of Omio gibe river hasin. The resudis of this sty can provide solutions

10 limitation of climare and Jlovw data in unganged earchments of Omao vibe river basin,

1. Introduction lactors is a scrious concern in water resources manage-
ment ol all riparian countriecs. The Omo Gibe River Basin,
\ 1 ) Ale 1 ~ e ¢ oY - a2 -
1.1 Backeround vhich situated in the southern part of (he Country. is a

In nature. the water of right quality in righ quantity is [-\plc“ll example. The Omo Gibe River Basin anmyally
usually not available at the right place and at the right CO"[!"blllés about P0% of runoff to Lake Turkana. The
time. Sometimes. it is available at the wrong place and at O™ .Busm 's Ethiopia’s second largest river system. ac-
the wrong time and its quality and quantity are not wha ~ SOUMING for 14% of Ethiopias amnual runolf. and being
they should be. Although in nutshell. this is the main poini  S¢cond only 1o the Blue Nile in runoff volume (Avery.
of the problem. this scemingly innocuous. albeit naughty 2010 Since the Omo-Gibe Basin is one of (he significant
interplay of words fails to convey (he gravity and the mag- S“”-_”CC Water Resources of Ethiopia. reliable runoff infor-
nitude of the problems that arc caused by the mismatch ~ Mation from this basin is o great importance in (he sus-
between the availability and the demand of good quality  *Inable management of water resources. As in most de-
walter. Nature can indeed be very harsh and ruthless o YelOPIng countrics. runofr nformation is limited in the
times. However. a positive outcome of this mismatch js ™0 Gibe River Basin of Ethiopia.

the development of a wide range of tools and echniques  The prediction of (he hydrologic responsc of ungauged
for water resources systems planning. development, opera- Ci_"d”"':“'s is @t deep-scated problem in hyvdrology. Re-
tion. and management. All over the world that water re-  8tonalization is one of (e ways where a conceptual model
sources of a river basin have (o be developed and managed 'S @PPlicd 10 4 represenagive number of gauged catch-
by systematically integrating socio-cconomic. environ-  MCENS and statistical relationships are derived between
mental. political and engincering considerations (Jain and ~ ™Medel paramciers and catchiment characteristics (o predict
Singh. 2003). ungauged basins, This has se far been done to Omo Gibe
In most international river basin systems. (he runoff vari.  RiVer basin wigh suceess,

ability of upper basins caused by natral or anthropogenic

water 3 (1) .
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To apply the model for ungauged catchments. it is ncees- ¢ To develop catchment parameterization scheme and
can (o first rclate model parameters to the physical and/or
clix'nulic characteristics of the catchments. For (his study
catchment pnr;nnclcri/;nion scheme is dey cloped and the ¢
mode! paramelers were estimated lor cach calchment. Fi-
pally. after catchment parameterization done flow is pre-
dict 1o ungauged calchments,

(o estimate (he model parameters for
each calchment.
To predict flow to ungauged catchments.

2. Study are and hydro-meteorological data

: - 2.1 Iv area
.2 Objectives of this study Study are ' ~ B
\ "~ ) Omo Gibe River Basin Located in the southern i

Ethiopia  between  4'N&9"22'N - latitude and b/.n
AUV E&IR24E  longitude,  The  Basin arca s
79.000km". At present. river flows arc measured at diller-
ent points in the basin. The basin is sub-divided into 30
sub-basins bascd on the major rivers in the basin and ils
tributarics (Richard Woodrool and Associates. 1996). But
64% of upper part of the basin. 27% of middle part of the
basin and 9% lower part of the basin flow is measured.
Generally most part of central and lower ol the basin is
ung;mgcél. To solve this limitation of data and (o generate
bascline Mow data to ungauged catchment of the basin this
rescarch is donc.

[.2.1 The main objective

! The main objective of this study was (o estimating runoff
in ungauged catchments using parameter regionalization
methodologics to ungauged sub-basins of the Omo Gibe
River Basin,

1.2.2 Specific objectives

The Specific objectives of this study were:-

+ Tocvaluate satellite gridded Climate Forecast Sys-
tem Reanalysis (CFSR) data to Omo Gibe River Ba-
sin

¢ Toidentify the physical variables that alfect (he rain-
fall-runofT transformation. and then (o
look for a regression relationship between model pa-
rameters and physical characteristics.

e

Figurc 1: Omo Gibe River Basin

2.2 Hydro-meteorological data

Secondary hydrology and metcorology data arc collected
from Ministry of Water and Encrgy (Mo\WE) and National
Meterological Agency (NMA). In upper part of the basin
flow and metcorological data is almost available for long
period of time but for central part of the basin flow data is
available only for 3 sub-catchment and meltcorological
data is available for some catchments but for some sta-
tions the data is not long period. Lower part of the basin in
somce calchments metcorological (RF) data is available but
water 3 (1)

is it not long period data. Flow data except Neri River near
to Jinka lower Omo is not gauged.

Daily satellite gridded global climate data (Precipitation.
maximum and minimum temperature. relative humidity.
wind speed. net radiation... cte) from 1979 (o 2010 \\'c;c
collected from IWMTI stafl. For this study slope. aspect.
flow dircction. flow accumulation is calculated by using
DEM 90x90m and arc hydro and Arc GIS 9.3.
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R:
mljltsr 1;l1nlnl rainfall, topographic witness index. NDVI
5 otl data were colleeieqg from IWMI stafl and I\WMI

GIS (
‘ ICP"””‘U" Anmml PET raster data clonnlo.mcl from
web site ol iy

I elestals
b i dale]

‘
=Caore/datyetobal-and

Dl ). - . &
1211al Elevation Modcl. together with the above devel-

oped raster file. wys used (o determine the different catch-
Ment characieristics, The different catchment characleris-
M. e average. slope. average aspect. average clevation.
median flow direction, average flow accumulation. aver-

N0

A8¢ annuyal rainfall, average topographic witness index.
average Soil Bulk densily.
content and aver:

il\'Cl‘i]uC

average soil available water
agce soil permeability. average NDVI and
annual PET were computed with the help of zonal
statistics in spatial analvs( ool of Arc GISv.3.

3. Mcthodology

3.1. Evaluation of Climate Forecast and Reanalysis
System (CFRS) data

Metcorological stations in most parts of the basin arc ven
sparsc and most watersheds are un- -gauged. Climale re-
cords are incomplete: high percentage of missing data and
relevant variables. To solve problem of limitation of cli-
mate data in the Omo Gibe River Basin we used CFSR
gridded global climate dara,

Time

| Product Spalial Temporal Vanables
Resolution ' Resolution } [Hornzon
|
— - g ! - -
: CI'RS 03]"dq=ru, Hourlv Dally | 1979 - | Chmate  vanables
(~38km) | 2012 and  [lydrological

quanlitics

Evaluate arcal average gridded CFRS precipitation data
with areal average precipilation of (he same calchmen|
gauged data to 9 sub-catchments of the basin (ic. Amara.
Great Gibe. Tunjo. Walga. Wabe. Grombo. Gilgel Gibe
Gojeb. and Guma).

3.2. Parameter estimation and regionalization method-
ologies

To apply the model for ungauged catchments. it is neces-
sarv (o first rclate model paramelers (o the physical and/or
climatic characteristics of the catchments. The method
classically uscd to regionalize the model parameters con-
sists of cstablishing correlations of this kind. The aim here
is to identify the physical variables that affect (he rainfyl)-
runofT transformation. and then (o look for a regression
relationship between model parameters and physical char-
acteristics. The model parameters were then linked (o

water 3 (1)

x‘
|
|
i
i

angd 0)“ ]
methods. Finally. a catchment pmumlcu/auonsl 1“0"

developed and the model paramelers were
cach catchment. The catchment pxmmclumlno; “‘

these basin characleristics by regression

Cing
CSli; alg g

tions for parameters FC. LP. BETA. pERc. Ipl; it
K2 AND MAXBASS. The general equation used 1 A, |\
ssion analysis has the form: 1 (h,

1egres

N =] +p*A +b*B +c*C + d*D +
Where .

| is intereept. a. b. ¢. d. arc the cocfTicien(s of the reore
Sl

sion cquation and A. B. C. D are the calchimen chch
1slics

4. Results and Discussions

4.1. Evaluated results of  gridded CFSR

and statio
precipitation data

Bar graph of CFSR prccipil:uion is best fit 1o s(ation pre-
cipitation and scatter plot of 1 is greater (han 0.6 for 1)
evaluated sub catchments. The evaluated resulis of erid-
ded CFSR and station precipitation data is very good so
CFRS is best chmate data to Omo Gibe River Basin and i
give a big reliel o limitation of climate data Evaluated
CFSR data of one sub-catchments out of nine is shown
below.

4.2. HBV Light Rainfall-runoff Model calibration re-
sults

Using evaluated gridded climate data and HBY Light rain-
fall-runofT model calibration is donc (o gauged calteh-
ments. Automatic calibration of HBY model is done onh
for 9 sub caichments which are good results and data’s are
available for daily format. HBY parameters used for cali-
brations are FC. LP. BETA. PERC. Alpha. K1. K2 and
MAXBASS. The model was calibrated for period from
1979-2008. The performance of the model was cvaliated
on the basis of performance cfficicncy (Reff). cfficiency
using weighted crrors(Reff weighted). glﬁClcnm using In
(Q) (log Reff). coefficient of determination (7). mean it
ference (mean diff). Thc overall performance of the modcl
appears good. The 1 is greater than 0.6, The h\dlo"l(‘l’l‘
fit between the estimated and observed is also : ldcqu-lld‘
represented. The hydrograph of one sub-catchments ou! 0
nine is shown in Figure 4.
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Figure 2: Walga station and CFSR montgly areal average (1998-2002)
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Figurc 3: Scatter plot Walga station Vs CFSR monthly arcal average data (1998-2002)
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Figure 4 Calibration of observed and simulated Now hyvdrograph of Walga (1998-2002)

4.3 parameter estimation and regionalization method-
ologies

Catchment characleristics used to parameter regionaliza-
tion are average slope. aspect. clevation. flow accumula-

water 3 (1)

h—

tion. annual rainfall. topographic witness index. Soil Bulk
density. soil available water content. soil permeability.
NDVI and annual PET and median flow direction. One

sample of optimized and predicted values of paramecter
Beta is shown below.,
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Figurc 6: Optimized and predicted values of parameler Bela

4.4 Flow Prediction to Ungauged Catchments

After catchment parameterization done Mow is predict (o
ungauged catchments. One of the main objectives in the

development of a conceptual model of the rinfall-runofT

process is 1o provide a model that can be used in ungauged
catchments to gencrate a record of runofT for planning and
design purposes. Various Kinds of rainfall-runoff models
have been developed since the carly 1930°s (K Birhan,
2009) However. the need of prior calibration by using an
available stream flow record of sufficicnt length makes i
difficult to apply existing models (o ungauged catchments,
IUis therefore appropriate to emphasize (he study of corre-
lating model parameters to measurable physical catchmeny
characteristics and in order (0 apply the model
gauged siles.

In this study 15 sub catchment was chosen gs ungauged
sub-basin as it has 9 sub-catchments has no gauging s(a-

al un-

water 3 (1)

ton and 6 sub-catchments has poor data. The task of cor-
relating catchments characteristics (o model parameters
and developing regional regression equation is described
in detail above and the predicted hyvdrograph for the un-
gauged catchments using the model is shown below for
Soke sub-catchments,

S. Summary and conclusion

To solve problem of limitation of climate data cvaluate

arcal average CFSR gridded global climate data with sta-
tion arcal average precipitation. The evaluated results of
gridded CFSR and station precipitation data arc very good
for all evaluated 9 suly catchments of the basin. So CFRS
is best elimate data to Omo Gibe River Basin and il gives
4 big reliel (o limitation of climate data in the basin. Using
gridded climate data and HBV-Light simple rainfall-
runol model simulation is done to gauged caichments.

90

Gener ated by CantScanner fromintsig.com




[ cor-
neclers
ribed
I un-
w for

Muate
h sta-
lts of
good
“FRS
gives
Jsing
nfall-
s.

90

A

| Soke Predicted Flow
= 6O ‘ * 8 i} 5
! Pl .
S IR
A I
EofhtdwjquvaﬁLbb.
0 S50 100 15.,0 N

Figure 7: predicted discharge of Soke sub- calchment outlet

Automatic calibration of HBV model js donc only for 9
sub catchments which is good results and data’s arc avail-
able Tor daily format. By using parameters of these 9 sub-
catchments parameter regionalization is done (0 ungauged
caichments. The HBV outputs results are good.

To apply the model for ungauged catchments relate model
parameters (o the physical and/or climatic characleristics
of the catchments. The method classically uscd 1o region-
alize the model paramelers consists of establishing corre-
lations of this kind. Identify (he physical variables that
affect the rainfall-runoff transformation. and then look for
a regression relationship between model parameters and
physical characteristics. The model paramciers were then
linked to these basin characteristics by regression and op-
timization methods. Finally, a catchment parame(crization
scheme is developed and the model parameters were esli-
mated for each calchment. After catchment parameleriza-
tion donc flow is predict to 15 ungauged sub catchments
of omo gibe river basin.

Once (he amount of water available in the Basin is csli-
mated for future. it will give an important clue for plan-
ners. decision makers. water users and other stakeholders
in managing the water resources for cfficient usc of water
for various purposes like hydropower. large scale com-
mercial farms. environmental flows. residential. industrial,
livestock. ccology and catchment conservation will pro-
mole, effective management and utilization of natural re-
Sources. planning of sustainable development projects and
ultimately creation of cconomic development in the Basin
and its people Finally the oulcome of this study is giving a
big relicf (o limitation of climate and flow data to un-
gauged catchments of Omo gibe river basin. Therefore
this could contribute its own contribution (o (he millen-
Nium development goal of the country.

Water 3 (1)
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Abstract P
: I ;
Ethiopia is a nation endowed with enormots hird of the
: . a :
tional fossil fuels plus hiomass and onfy aboit i
' : o itself in unprecede
however, the country has engaged itself in uny

LT et » soctal, ¢
hvdropower potential is assessed and the

if thivg
: 3 T ] nn‘.\ffll"'!/',' R R s
Jects are discussed. The conclusion of this work she Sier 1o cast Africam nations in a few vears. fy g als
' supplie B

i 2 ot
meet its energy demancds but also he a giant energ

- ' fance
ojects are of vital importa
that while the current giant Iivdropower projects ar of

for the nation.
scale hvdropower plants are the hest options for the

Kevveords: Sustamabilipy, Renevahle energy, Hveie

I. Introduction

A. Foreword and Research Motivation

For centuries. our use of energy for different purposes has
created massive impacts on the environment putling the
ccosyslem under enormous pressure. Consequently. re-
placing our comventional fossil fuel dependent energy sys-
tems with sustainable encrgy sources has received world-
wide attention in (he past few decades. As a resull. (he
quest for sustainable CNCrgy sources seems reaching its
maxima. Many countries have managed (o reduce their
dependence on traditional cnergy sources through new
innovations and improved infrastructure while others s(ill
depend largelv. in some cases almost cntirely. on fossil
[uels.

Ethiopia. located in (he hom of Africa. is g couniry
blessed with huge amounts of hydro. wind. geothermal
and solar power potentials, Howey er.only a small portion
of these resources has been utilized so far. For instance,
while its hydropower potential
45GW (DFIP. 2009). only about 2% of (his potential s
exploited so far. The nation's energy sector is rather jiy-
ported oil dependent and over 0% of (he population de-
pends on biomass. such as burning of woo(.
nure and crop wasle.

IS estimated 1o be up o

animal mg-

The consumption ol energy in the form of importeg petro-
leum and burning of wood poses many cvironmenyy|
problems: as air pollution, biodiversiy Jogg. sotl crosio.
clc. The use of wood in ruryl arcas has
cerns as it usually causes smoke related |
bumings. cte. It also poscs

also sociy| con-
1calth Problems,

N cconomic ch;lllcngc lo

water 3 (1)
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Ethiopia. As a result it is very important for the Matiop g

shift to socio-cconomic-friendly encrgy resources,
B. Aim of the Study

Given the aforementioned social. cnvironmenty| and eep.
nomic concerns of our time and the need 10 a profoung
encrgy development in Ethiopia. the aim of (his work is g
mvestigate the hydropower potential of (he country. I glsy
analyzes the socio-cconomic and implications of curren|
and future hvdropower projects in Ethiopia.

C. Methodology

To achieve the goal of (his study. a comprehensive liter.
fure review was conducted. Different articles. books and
scientific journals were used as main sources and differen
cnergy policies of Ethiopia were investigated. The study
was analvzed based on (hree guiding concepts: cconomic.
social ang covironmenty| suslainability.

IL. Ethiopian Hydropower Potentials and
Current Staqys

A. Ethiopian Energy: A Brief History & Current
Status

Ethiopia s country of diversity in its climatic. biophysi-
cal as well g nits socio-ccono-mic settings. The pation’s
climage ranges from Cquatorial rainforest with high rainﬁllly
and hunudity the South and Southwest 1o Afroalpine 01
ll@ SUMMILS of (he Semien Mountain and (he Bale mow!
tain chaing g desert ljke conditions of (he Northeast.

by CanScanner fromintsig.com



d Southcasicrn lowlands. Similarly. the tempera-
from up 1o 60°c in the Dallol Depression of

East an

qure varics ;
Ethiopia 10 frecsing Icna'pcr:unlrcﬁ at Kas Dashien in ihe
Semicn sonntains: causing a rainfall variation of from
Jhout 31100 punAear in the Baro-Akobo basin 1o as Jow as
;m; A ear in the Ogaden and Avsha basing (MoWR,
onling) The nation’s socio-cconomic sciling is also un-
evenly distributed with urban arcas beng well connecied
(o cach other while some rural arcas arc barcly reachable

(Ibid.).

I recent years. however. in its cffort 1o change the na-
fion’s ocio-cconomic arcna. the Ethiopian government
lins commuticd itsclf o the improsenient of infrastructures
in the cncrey. iclccommumnication and (ransportation scc-
jors For instancc. massive hvdropower projects have
been built in recent vears and niany more arc undervay. A
successlul complction of the undergoing challenging bui
vl promising projects would provide a huge percentage of
;hc counin's population with a cheaper and cnviron-
mental fricndly cnergy.
Ethiopia 15 onc ol the countrics that suffer a very low con-
sumption of clectricity, Until as recent as 2007, only 22'%,
of Ethiopians had access to modern clectricity. This figure
was down 1o 16% at the end of 2005 (Besha. cr al.. 200Y)
and only 13% in 1999 (Teferra, 2002) While more than
86% of urban residents have access to electricity. the con-
sumption is as low as 2% for rural residents (Hathaway.
2008). According 1o a report by the Ethiopian Electric
Power Corporation (EEPCo). the eleciric encrgy access of
ihe country has reached 32% as of mid 2009 (EEPCo.
onlinc).
The bifth of modern clectricity in Ethiopia dates back 1o
the late 1890°s when King Menclik [T of Ethiopia acquired
the first gencrator 1o light his palace (Ibid. ). Nearly three
decades later. in the occasion of King Haile Sclassic’s
coronation ceremony in 1930, the supply of clectricity was
extended 1o light the streets of Addis Ababa (EEA.
online). Since then. the nation's encrgy sector has under-
gone through several developments and restructuring. To-
day. the state-owned Ethiopian Electric Power Corpora-
tion controls the power industry and is solely engaged in
the generation. transmission and distribution of clectric
power.

B. Ethiopia's Hydropower Potential
Ethiopia has enonmous hydropower polentials that 1s csti-
maled 1o be between 30GW - 45GW (EEPCo. onlinc:

DFIP. 2009: Dalelo. nd). The nation has generally 12 ma-

Water 3 (1)

jor basins; % river basins, 3 dry basins and the Jast onc 15

Jakes basin (MoWR. online). Most of the walcr basins

have very special nature duc 10 the landscape of the coun-
iy, Inonany cases it is possible 10 usc the water of these
basing for hydropowcer in the highlands and nsc the samc
waler for irmigation in the Jowlands. Another special fca-
ture of Ethiopian rivers is that jnany of 1he major rivers
are sourced in the central pant of the country and streain 10
Al directions with some of the river basins covering very
large arcas. Wabishcbelle Piver, for instance. covers an
arca of more than 202,000k (bid.).
While there are more than 300 different spots in the differ-
ent basins where Iisdroclectric power gencrating stations
could be installed. the basins have the irrigation poltential
to change the nation’s rainfall dependent agriculiure drasti-
cally. Figure | presents the main water basins in Ethiopia
and their distribution across the country.

The Nile. Abay in Ambharic. is onc of the two main tribu-
tarics of the Nile, ofien considered 1o be the longzest river
in the world, The Blue Nile is the source of mosl of the
water of the Nile and the transponcd sediment. Combinced
with the Tekeze and Baro-Akobo rivers. it contributes (0
about Y0¥ of the water with the Blue Nile contributing
about 60% of 1he total water (Bevene ct al.. 2010). About
96% of transported sediment by the Nile River also comes
from the Blue Nile, The available mincrals and deposits in
the basin are belicved 10 be over 265 of which 190 are
metallic including (gold. iron. copper. zinc. cic) and over
75 are non metallic including limesione. marble. lignite.

silicas. clc (MoWR. onlinc).
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Figure 11 Ethiopian water basins (Awulachew ct al.. 2003)

Gener ated by CantScanner fromintsig.com

LA —————

A




This basin is probably the most important river basin in
the country as it covers 20% of Ethiopia’s land arca. aboul
50% of the nation’s total average annual runofl which
emanates from the Ethiopian highlands. 25% of its popu-
lation and more than 40% of the agricultural production
(Awulachew et al . 2003), Its overall hydropower potential
is estimated o be up to 78.820GWh per vear (Ibid.).

Despite these facts. this resource has been underutilized.
Until recently. there were only two operational hydro-
power plants buill on the Blue Nile River. Tis Abbai 1
HPP. commissioned in 1964, has a total installed capacity
of only 11.4MW while Tis Abav 1I HPP was commis-
sioned in 2001 with a total installed capacity of T4MW
(EEPCo. online). However. different hydropower plants
arc built in recent vears. Tekeze hydropower project. inau-
gurated in November 2009 with an installed capacity of
300MW._ is developed on Tekeze River. tributary of Blue
Nile River. Similarly. the recently inaugurated Tana Beles
project with installed capacity of 460MW is the largest
hydropower plant in the country and is built using the
Tana River. a tributary of the Nile River. This project 1s
unique among other hyvdropower plants in the country as
the discharged water is used for downstrcam irrigation
purposes. The Grand Ethiopian Renaissance Dam com-
menced in 2011 is also under construction on the Blue
Nile River which will have an installed capacity of
GOOOMW when completed.

A proper utilization of the river's potentials could bring
vast opportunitics for the nation. However. in addition (o
its underutilization. (his basin has also been a center of
controversy and has crcated some political suspicions and
regional tension over the fair sharc of the resource among
countrics of the basin. Nevertheless. the recent mega pro-
jects on the Blue Nile River by the Ethiopia show how
desperately the country needs (he available potentials of
the river and its determination to go forward.

ii. Omo-Gibe Basin

Covering a total arca of some 79.000km?2. the Omo Gibe
basin is home to millions of livestock resources. wild ani-
mals and difTerent bird species (MoYR. online). This ba-
sin covers a wide area ol forest as well as agricultural
land. In the carly 1980s the Omo River (the lower reaches
of the river) has been affirmed as UNESCO’s World Heri-
tage Site. following the discovery of the carliest known
fossil fragments of Homo sapicns. This culturally and so-
cially rich basin has immense potentials to offer if appro-
priate irrigation. energy. (ourism and fishery projects are
exceuted with caution. This Basin has an estimated small
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scale h.\dro;)o“-cr polcnlial (5-30M.\v) o i
and largc- scalc h.\‘drop_m\'er potential (

well over 2. 497TMW ([b»ld.),

In recent years @ huge myestment fuud. has beep .
by the Ethiopian £0% crnmenl. for PrQICCls i 18 n. o
fhc Gilgel Gibe cascaded pro_wcls. Gibe I-V., ar¢ beli
{o boost Ethiopia's clectricity production 1o an expon
once completed successfully.

Located on the Gilgel Gibe River. the constnugyig,
Gilgel Gibe dam. the first of the five cascaded -
plants. was started in the mid 19805 but mainly by bﬂr
tween 1997 and 2003 and became operationg] in 20(;
oencrating 183MW of power to the grid on its Compgy
;H) power. 2000). The complc(i'm.] of this power olam lm;
increased the countny’s cleetricity supply Sig“iflcam\.
The Gilgel Gibe dam is used both for Gibe I Gilge] Gibcii
hvdropower plants. Gibe I1. inaugurated in January T
with a generating capacity 420MW ol electric i
doecsn't necd a dam 10 be constructed. 1t rather yseg ﬂlc‘
discharged water from Gibe I that is channcled througl 5
56km tunnel to Omo River Valley.

, S6n

e,
ey
IQ\'cl

Gibe 111, a very controversial project. is the third phage in
the cascaded Gibe projects that uses the same river (g
build the third power plant which is located al aboy
1 50km downstream of the Gibe 11 outlet. When completed
in 2013-2014. the plant is expecled to generale 1.870Mwy
of clectric power. the largest ever in Africa. While Gibe
IV and V with a capacity of 1.472MW and 360MW of
clectric power respectively are planned (o be buill. (e
currently underway Gibe 11 project has raised controversy
over its social and environmental impacts (CRBM & CEE.
2008 Hathaway. 2009: ARWG. 2009). However. (he so-
cial and environmental impact assessment conducted by
EEPCo concludes that the project is feasible and labeled
its potential adverse cnvironmental impacts to be shorl
term compared to the multidimensional benefits thal (he
completion of the project could offer (o the region. (he
socicty and the country at large (EEPCo & CESI SpA.
2009). Generally. while the controversy over (he consie
tion of dams on this basin is eve catching. the construction
of well studicd projects and a wisc usc of the rc:sourcﬂl5
could be a turning point (o the country that laces multidi-

mensional social and cconomic problems related 10 Tack of

adequate encrgy,

iii. Other Basing

Other major basins with substantial hydropower poleh

include Baro-Akobo. Genale Dawa. Wabishebelle and
Awash basins,

Lials

y
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. wabishebelle has a total hydropower potential of
“’]'-IILG\\"'l yvear. Genale Dawa has 9.270GWh energy
7437 5 pc} vear. among others (MoWR. online). A com--
bc:C]:TOl“ oﬂh-osc basins is one of the biggest resources that

ind

the nation has and appropriatc utilization of these re-
sourees is vitally important. The hydropower potentials ‘f’r
the main river basins of the country arc summarized in
Table 1.

Table |: Ethiopian hydropower and Irrigation potential (Source: MoWR. online; Kloos & Legesse. 2010)

[ No River basin Hydropower polential Potential hydro
(GWh) sitcs'
1 Bluc Nil¢ 535000/78820% 132
2 Omo-Ghibe 26026/36360% 23
3 Baro-Akobo 19826 39
it Genale Dawa 9270 23
3 Tekeze 8384 15
O Wabishebelle 7457 18
7 Awash 5389 43
8 Rift Valley 12240/800% 6
Lakes
9 Mereb nak* na
10 Aysha na na
11 Denakil na na
12 Ogaden na na
Total 166,706% 299

** na: data not available

C. Ethiopian Energy Status

While (he Ethiopian clectricity system has a total installed
capacity ol about 1.963MW [rom ils hvdropower plants as
of 2011. generally there are two power supply systems in
the country: the ICS or the interconnected system and (he
SCS or sclIf connected system. The earlier consists of ma-
Jor vdropower plants and the later consists of diesel gen-
crating units and small hydropower plants that operate in
remole areas (Hailu. 2000). As of 2009, (here are some
three hydropower plants in the SCS system with an in-
stalled capacity of 6.15MW and isolated diescl power
plants with an installed capacity of 30MW (EEPCo.
2008/09). Table 2 summarizes the total installed electricity
capacitics in the country’

As can be seen from table 2. in addition (o its main 12
hydropower plants and a single geothermal plant. Ethiopia
uses some diescl power plants (o supplement (he supply.
For the landlocked country the use of the dicsel generators
!ms o big disadvantages: (he cconomic drawback of
Importing expensive fuel and the environmental concerns
of using fuel. As a result. it is very essential to avoid (he

Water 3 (1)

* Different data from different references: both values are put whenever the difference is considerable

use of these energy systems by moving towards belte
allernatives.

r

As can be scen from table 2. in addition (o its main 12
hydropower plants and a single gcothermal plant. Ethiopia
uses some dicsel power plants to supplement the supply.
For the landlocked country the use of the diescl generators

has (wo big disadvantages: the cconomic drawback o
importing expensive fuel and the environmental concern

f
s

of using fucl. As a resull. it is very essential to avoid the
usc of these encrgy systems by moving towards belter

altemmatives.

D. Ethiopian Energy Development Plans and
Sustainability Concerns

i. Sustainable Development and Poverty Reduction
Program

In 2002 (he Ethiopian government launched an ambitious
I5 years plan entitled Sustainable Development and Poy-
crty Reduction Program (SDPRP) for the period of 2002
(0 2016 where the government planned (o carry out differ-

ent development programs (o achicve its goals.
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Tablc 2: Total Installed Generatin

g Capacity of Ethiopia

b

Since then. a number of projects have been e
Jbout cight vears later, in a recen| mess.]e 0“'anq-
[¢

(Source: EEPCo websilc) —  UNFCCC. the Ellliopia'n Ell\*imﬂﬂﬁlll&ll Prolcge. lo B
No Plant Tnstalled Ca- Year of thority handed 1]1c' mitigation actions and dec.hoh Ay,
pacity (MW) _90,"‘_“‘_-- plans of the Ethiopian government in Jipe Wit l;elop]n%
. Hydropower |1 accord. presenting bricl‘i developmeniy] aClionle |
I | Koka HPP 43.2 1960 different infrastructures including energy apg o k 4
f : , T | 1964 tion for one decace. Accordingly. the epepp. Sy,
2 | Tis Abbai I HPP 14 ————1  pether with the COuntrics energy polentjg| id anAs !
3 | Awash I HPP o _.__] i capacily are analyzed here based on hreg guidicx]stmﬁ
4 | Finchaa HPP 134 1973 cepts: their socictal implications. Cnvironmepyy i:ld :
5 | Awash 11l HPP 39 1974 nomic implications. .
6 | MelkaWaken: 153 1988 N e AF :
’ S ii. Encrgy Boost and Environmental Concepyg
7 ?i[:PAbbﬂj 11 HPP 74 2001 Despite a conlinuous opposition from d-jfferen[ o
: around the world of some hydropower projects, (e o
8 | Gilgel Gibe I 210 2004 energy plans of Ethiopia focus highly on boosling [hccnl
9 | Tckeze 300 2009 crgy supply from its waler resources. The Ethiopiap go::
10 | Gilgel Gibe 11 0 3010 ernment plans the 1nsl'allztllon of 10 hydropower ol
with an installed capacity of 11.172MW (o be compiyy
11 | Tana Belss s ' on or before 2018 and another 8915MWV ll}'dfOpO\\Crpm.
12| Fincha Ament 97 2011 jects under study. These projects are tabulated beloy,
Neslhe
Diesel Table 3: Future Ethiopian Hyvdropower projects
I | Kalit 14 2004 (Source: EPA. 2010. EEPCo. website
2 | Dirc Dawa 38 2004 No Projecl Installed | Year of Com-
3 [ Awash 7 33 2004 ' Capacity missioning
(MW)
4 | Naczarcth Dicsel 30 rented ] Gibe 111 1870 2003
5 | Debre Zeit Diescl 30 rented 2 | Fan Project 100 2013
6 | Standby (different 23.3 1958 3 Genale 111 258 2014
siiex) 4 | Halele Wera- 122 2015‘—
In view of this. the ministry had put resource development besa
prioritics to the different available resources. Conse- 5 | Chemoga- 278 2015
quently. the priorities that the Water Resources Manage- Yeda ol
ment Policy has put include (MOFED. 2002): 6 _Gibc IV Pro- 1472 2015
‘ Ject e
= Expanding irrigated agriculture to the maximum pos- % gcg’ﬂl;:'lv %56 __Z__g%_:___,
sible extent; = C.d and 11 366 o
= Mceting hydropower gencration capacity needs aris- ’ i(go-l'Cb Pro- 130 2015
ing from clectricity demand in the e S
disWMm: : sgonome dnd sa- g Hidase Pro- 6000 2018
= Providing water for the industrial developmen: —-_—J%:(T
= Utilization of the resource for fishery. tourism s 11,172 _
(ransporiation purposes: siorS o

As

presented above generation of clectricity fron hydro

power has been set as one of the prioritics. Tjye recen
boost in the energy scctor is following (he ambitious plap
set at the beginning of the century.

water 3 (1)

This huge energy development and the consif' ™
d y [latiof

!rzmsm[ssion lines. howeyer. have been criticized ¥
including:
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Table 4: Hydropower projects thal are under stud

(source: EPA. 2010) d
No | Project Installed Capacity
(MW)
| Beko Abo Project 600 —
2 Dabus Project 125 —
3 Tams Project 1000
1 Tckese 11 Project 150 e
5| Boarder 1200
| Mendeya 2000
7 | Gibe V 600
% Wabi Shebele 100
[ | Birbir Project 167
10 Lower Dedessa 613
|1 Genale Dawa V 100
Total 8915

Intermational Rivers. Survival International. Friends of the
Earth. ctc. The Gibe HI project is on the top of the lisl,
The different bodics condemn the construction of (he
highest dam - African. Gibe 11 for being socially and
cnvironmentally  destructive. Survival Inicrnational. for
mstance. argues that the construction of the dam will im-
posc cnormous negalive impaclts on the ccosystem duc (o
scasonal Mooding of the Omo River and also as decrcase
its downstrecam volume considerably (Survival Interna-
tional, onling). It is also underlined that at least 100,000
people will be facing food shortages (Ibid ). Similarly. a
2008 report published by CRBM & CEE cntitled “The
Gilgel Gibe Affair” argues that the construction of the
dam together with the other Gibe projects. will probably
have a significant negative impact on the wholc ccosysiem
surrounding the arca including the tribal based local popu-
lation that depend on the traditional usc of natural re-
sources (CRBM & CEE. 2008).
However. i its in-depth social and cnvironmental tmpact
assessmenl report. EEPCo has presented that while the
benefits of the dam and that of the hydropower plant is a
greal assel 1o (he nation’s cconomy. the environment and
the socicly. the impact of the project in terms of P?I)'Ulf"
lion displacement and that of the ccosystem arc minimal
and proposed (hat possible measurcs should be taken 1o
avert (he effects of the negative impacts (EEPCo & CESI
SPA. 2009).

Water 3 (1)

1. Discussions

Discussion: Encrgy Projects & their Implications

Socictal Implications

The social benefits of modern cnergy systems extend from
health condition improvenents (o family safcty and from
cconomy improvements (o betier quality of life, While the
majority of the socially diverse but cconomically poor
East African nation’s population hias no access 1o modern
encrgy. many expericnce the negative conscquences of
using fircwood and different fossil fucls. One of the main
socially devastating impact of using wood as i source of
energy in rural honscholds is in connection with the burn-
ing of children. housewives and propertics (in many cascs
the house itsclf). Whereas the frequency may vars from
region 1o region depending on the tvpe of wood con-
sumed. the type of stoves used. cic. the incident is rather
common in many parts of the world. For instance. accord-
g 1o a study conducied by Courtright et al. (1993) based
on samples from 16 different communitics with a total
population of about 10,180 in Gurage-Chaha region rural
Ethiopia. some 271 burn inpaticnts were recorded for the 7
vear period the rescarch considered. The article pointed
oul that most burns arc in the domains of women. Another
study in Mckelle town in nonthern Ethiopia showed that
the annual incident in burns is 1.2% in the town with chil-
dren of less than 5 vears old being the highest victims of
the incident (4.8%) (Nega & Lindyjorn. 2002). Smoke is
also another problem that might causc pncumonia. cye
infcctions cle.

Children and housewives nsually travel long distances 1o
gather firewood and the time they spend to accomplish a
specific task using this traditional energy system is also a
burden to many countryside villagers, Similarly. while the
usc of fossil fuel for cooking is rclatively cleaner and
faster means of energy with less risk of fire, it is usually
unaffordable to many houscholds.

Generally. the majority of the population in the country
desperately needs a safer. cleancr and cheaper cnergy. As
a result. the recent rapid energy development in the coun-
trv plavs a decisive role in unloading the burdens to many
rural residents. However. in spite of its manv social bene-
fits that the development of the scctor offers. the associ-
ated negative social impacts ol different projects arc also
substantial and often controversial. In one hand. the con-
struction of dams and transmission lines cause the reloca-
tion of thousands of pcople and costs them their Jand and

social lic.
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For instance. the Social and Environmenial Impact As-
sessment repen by EEPCo & CESI SpA (2009) concluded
that Gibe [ project affects some 355 househelds. On the
other hand the construction of dams together with water
diversion usually leads to food security and clean water
S3ARCIY 1ssues. among others.
ii. Economic Implications
Probably economic advaniage is the most impontant bene-
fit that the country secures from the ongoing and plancd
projecis. First. the navon will be relisved from the burden
of petroleum imponi and secondiv. the expon of electricin
1o nzighboring countries will also offer an economic ad-
vange. About 204 fuel anker rucks enter the countn
daily carmying 43,040 liters of oil cach. Consequentls. the
Svelopment of the energy secor is of vital imporance 10
1C N3UON'S poor 22ono v as it will liberate the country
om oil impon burden.

o N

—
-

iiL. Environmental Implications

The emvironmental implications of the projecis can be
seen from different perspectives. The long term implica-
uons might be of great imponance 1o the environment
than the shon 1erm onzs. Ethiopia is a daveloping countn
with high population and the nation will engage iscli in
different industrial agricultural and other energy demand-
Ing sectors in the decades 1o come. As a result promoting
clean energy supply is of vital imponance for CO- reduc-
tion and other fossil fugl relaied emissions that have a
global impact. The Gibe 11 project for instance. produces
enly about 90.00¢n of CO-/vear comparad 10 43000001 of
COxz/year which an equivalent thermo power plant would
produce (EEPCo & CESI SpA. 210y).

In the shon run. howsaver. there are many Controversics
that arcle the differemt projects specially that of the Gibe
HI project. Its impact on the entire Omo-Turkana coosys-
tem has been criucized by many (Intzmational Rivers,
2009: CRBM & CEE. 2008 ARWG. 2009 Sunvival Inter-
natienal. enling). Howaver. the EEPCo social and environ-
menial impact assessment repon presents that while nanm
of the potential adverse environmeznial impacts are shon
term impacis. they could be controllzd within acceplable
limuts for as long as appropriate nmitigation and compensa-
tion mcasurss are adopted. Generallv. aven though it is
difficult 1o quaniify some of (he nvironmenial impacts
that the ongoing projects cause (both négatne and posi-
thve). such as soil erosion. ccosysiem imbalance. CO- re-
duction. etc. the negative impacts seem shon 1em \.\Thilc
the major environmental benefits are in the long run.

water 3 (1)
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B. Design and Construction of H_\'dropg‘,‘Er

Plants

While the recent energy boost m Ethicpia seems e
promising in man aspects and q“”‘t '?~:C-5‘=df} 10 the by
terment of the naton’s SOCI.?I?! n::d: ILs cconomy ang g,
environment. there is reom for IMprovement as such 5,
oressive development plan might also backfire.

Ethiopia is not in a position [0 CONSULCL Buge projects iy,
cost hundreds of millions of dollars and see them fail 45,
sometime. Projects of that 1ype should be carefully qpg.
ied. highlv engincered and well reliable in their consyry..
tion lo_mivnimi/,c their social. economic and SMVITONmicngs)
impacts and failures. As a result. EE_PCo si‘;0uld Amf'.-_f =
in depth analysis of the projects prior (o investing hug:
monay and resource. The projects should be constructed i
a na\- that they function at least for the period they ars
d:—sig-nc-d for. Howgver. some projects are sh-:ming pocr
perf.;nu nce. For instance. while the Gilgel Gibz I dap
was designad 1o be operational for at least 70 vears. 3 -
cent study by Devi et al. (2043) showed that the volums of
the dam will be reduced by half within 12 vears and =gi-
matzd 1o be complately filled with sediments and awrifisd
within 24 vears. The main reason for this is that nearks
.3 X 106 nv of sediment is deposited in the dam znmg-
ally (Ibid.1. This shows that about 4.4% of the dam's &=
pacity s filled with sediments each vear. From engineer-

2

ing perspective. however. if the sediment deposition po-
tenuial is greater than 1”4 1o 2% of the original capaciyv of
the dam. an immediate remedy is necessany. Similarhy a
2008 repon by Intemational Rivers presentad that the ex-
isting dams in Ethiopia have axperienced heavy sadimen-
tation over the vears and pointed out that the problamisa
real nsk 1o the lifespan of new hvdro dams and also dams
for other purposes such as imgation and water supphy
(Hathaway. 2008,

The rainy season of the yaar 20610, for instance. had s2en
Addis Ababa suffer power outages afier siliauon coused
the closure of Koka Dam (Avalew. 2002) The auhor alse
noted that a number of dams that were built in the past
including Angereb and Melka Wakena have baon ereatht
afTecizd by sitltation and r

tion shonld be given while constructing huse dams and
resenoirs (Ibid), % il

ccommends that due consider-

G Sedimemiation docsn’t onh affact the
lifespan or resenoirs but also downstream ecology and
agzrnaies downsiream crosion (Hathaway, 206185
Generally. most of the underway and planned hadro pro-
huge projects including the cascaded
where the failure of one dam has a direct

Jects in Ethiopia are
Gibe projecs.

)
o
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(( is not unclear that the filure of any of the projecis (o
function in their full capacity would cayse social. ﬁllallciz\l
and environmental crisis to the area ang the nation gt
large. As a result a due consideration should be given
prior 10 the development of such projects.

[v. Summary, Conclusions and Recommendationg
Ethiopia. a socially and climatically diverse country. has a
I,Opul:uion of over 88 million inhabitans and a growth
rate of 3.208% (CIA World Factbook. online). Located on
the hormn ol Africa. the country has one of the lowest
cconomics in the world. Agriculture. mostly traditional. is
the backbone of the nation’s cconomy accounting for 83%
of the total employment and 45% of GDP by (he scctor
faces a continuous challenge due (o drought (Ibid.). How-
ever. recent developments have showed g dramatic shifi
towards industrialization leading (o an ncreasing demand
for encrgy. Consequently. recent developments in (he en-
ergy scctor show a promising start to meeting the demand.

While the nation’s energy scctor is largely fossil fucl de-
pendent. the government has launched different ambitious
cnergy projects in recent years. The projects are intended
to provide clectricity access to the majority of the Ethio-
pian population and improyve its coverage from the current
32%. Some of the production is also expected (o support
the nation’s economy by exporting power (o neighboring
countries. While many hydropower projects are underway.
(he sustainability of some of the projects has been ques-
tioned. However. EEPCo has given the projects (he green
light to carry on as the social and environmental impact
asscssments conducted by the corporation show that (he
projects arc rather beneficial.
Never the less. this desk study assess the energy develop-
ment projects from sustainability (social. cconomic and
environmental). reliability as well as urgency point of
view. Consequently. the following conclusions and recom-
mendations are drawn to get the most out of the available
natural resources and conscquent energy projects:

* Ethiopia is endowed with enormous amount of hydro-
power potential. If this potential is correctly used. the
nation has (he potential to supply clean cnergy not
only Lo itsclf but (o its ncighbors.

¢ The construction of hydropower projects need a scri-
ous attention in all phases: design through construc-
tion - 1o post construction management of the projects
and failure of dams are not affordable as the effects
are devastating and might be very costly to fix them
once a failure oceurs.

Water 3 (1)

While the different negative social and environmental
impacts of many. if not most. hyvdropower projects arc
unavoidable. the long (erm benefit of the projects
should be the main guiding factor, The EEPCo social
and environmental impact assessment report lacks
objectivity since it gives less altention to the negative
impacts. However. while building different projects
that affect thousands of people. cover a big ccosysiem
and cost hundreds of millions of dollars. different
critical issues such as health. food security and dis-
placement issucs. ccosystem imbalance. cultural and
aesthetic values. economy and others must be studied
in-depth both for their short and long term implica-
tions and benefits o the socicty that they are buill for,
¢ Equally important to developing new hydropower
plants. EEPCo should also find a solution to problems
that reduce the lifespan of the existing dams and a
limely remedy is critical. As discussed carlier. (he
Gilgel Gibe I dam might be totally filled with sedi-
ments in less than 23 vears compared to the 73 years
service lime which it was designed for. Many other
dams arc also in critical condition and immediate and
appropriate actions to reducc the sediment levels play
a critical role in avoiding the risk of failures. Erosion
reduction and sediment flushing are recommended as
alternative solutions.

V. References

ARWG. Africa Resources Working Group. 2009, A Com-
mentary on the Environmental. Socioecconomic and Hu-
man Rights Impacts of the Proposed Gibe III Dam in the
Lower Omo River Basin of Ethiopia

Awulachew et al.. 2005, Water Resources and Irrigation
Developments in Ethiopia. International Water Manage-
ment Institute. Working Paper 123

Ayalew. Lulscged. 2002, Something that We Need to
Know about Our River's Hydropower Polential. Niigata
University. Japan. available at:
http://mwww.mediacthiopia.com/Engineering/

Lulseged on_hvdroelectric.htm

Besha. T.. Negash. S. & Amoroso. DL. 2009. The Impact
of Organizational Culturc on IS Implementation Success
in Ethiopia: the Case of Sclected Public and Private Or-
ganizations. Americas Confcrence on Information Sys-
tcms (AMCIS). 2009 Proceedings

99

Gener ated by CantScanner fromintsig.com




ate change
Bevenc et al.. 2010, Hydrologic impac Sommlq)lgv lPCaC
on the Nile River Basin: implications of B Springer
scenarios. Climatic Change. 100. pp. 43 Bl o]

in
Courtright. P, et al. 1993. The cpidemiology ] bl”“lsm\
rural Ethiopia. Journal of Epidemiology and o]
Health: 47: pp. 19-22

CRBM & CEE. 2008. The Gilgel Gibe Affair: An ;mz.ﬂ_\s.ls
of the Gilgel Gibe hydroclectric projects in EHHOPIH'
CRBM - Campagna per la Riforma della Banca Mondiale
and CEE Bankwalch Network

Dalelo. A.. (nd). Rural Electrification in Ethiopia: OprF
tunitics and Bottlenccks. Addis Ababa University. Ethio-
pia

DFIP. Department for International Development. 2009,
Water storage and hvdropower: supporting growth. resil-
ience and low carbon development. A DFID cvidence-into
-action paper. UKAID

Devi et al.. 2008. ~Assessment of siltation and nutricnt
enrichment of Gilgel Gibe dam. southwest Ethiopia.” Bio-
resource Technol. 9 (3). pp. 975-979

EEPCo & CESI SpA. 2009. Gibe 111 Hyvdroclectric Pro-
Jject: Environmental and Social Impact Assessiment

 EEPCo. facts in Brief. 2008/09

EPA. 2010. Environmental Protection Authority of Ethio-
pia. for Appendix Il - Nationally appropriate mitigation
actions of developing country Partics. for COP accord

Hailu. G.. 2000. Energy Law Ethiopia: International
Encyklopedia of Laws. KLAW Interanational

Hathaway. T.. 2008. What Cost Ethiopia’s Dam Boomny? A
look inside the Expansion of ElthpId s Energy Scetor.
International Rivers

Hathaway. T.. 2009. Facing Gibe 3 Dam: Indigenous
Communities of Ethiopia’s Lower Omo Vlley. Interng-
tional Rivers

HyPower. 2006. Gilgel Gibe 10 Drive Elhiopi

a’s Develop.
ment. Voith Siemens Hydro Power Generation cuslomer
magazine

International Rivers. 2009. Ethiopia’s Gibe 3 Damy: Sow-
ing Hunger and Conflic(

water 3 (1)

Kloos. H. & Legesse. W.. 2010, Waer o
N
agement in Ethiopia: Implications fo the Nile

Cambria Prcss as“l.

MOFED. Ministry ol Finance and EconomJ
ment. 2002, Ethiopia: Sustainable DC\clome” nc(}cloD

crly Reduction Program

Nega. KE. & Lindtjorn. B.. 2002. Epldcmlolo,‘
injuries in Mckele Town. Northern Elh]()pn A llbum
nity based study. Ethiopia J Health Dev. 16 i

Teferra. M.. 2002, Power Sector Reforpyg i B,
Options for Promoting Local Investments i Rura] oy Dn
fication. Encrgy Policy 30. pp. 967-975

wWeb references:

1. CIA. the World Factbook h11ps://\\'\\'\\',cia_go\-/
Country Profile: Ethiopia. accessed: 2010-08-1]
hllps://'\\'\\ w.cia. gov/library/publications/the-worlg.
lactbook/gcos/ct. himl

2. EEA. Ethiopian Electric Agency

htip thiocleciricag Cney .oy
Hlsionc‘]] S\nopsns Power Scctor Regulatory Aclivity iy
Ethiopia. d\d]llb]C accessed: 2010-07-10

htip:/rethioglectricagency . ore/about i

3. EEPCo. Ethiopian Electric Power Corporation

NP /AW WLECPLo. Poy . 2l

4. International Rivers hifp://waww.int ntcrnaiionajrivers org
The World Commission on des Framework - A Briel
Introduction. accessed: 20 10-09-03 .
I e v e o s.0rg/en/na -forward world:

N OTIU-commIssion-das-franiey otk

3. MoWR. Ministry of Water Resources of Ethiopia
WWW.mowr.gov ¢
Water resources ol Ethiopia. accessed: 2010-07-14

6. Survivy] Internationa|

N ¢y :
L nnalintermational ore

A massive hydroclectric dan llucalcns (he tribes of the
LO\\Cl Omo River. accessed: 2010 0‘) (03

11! "'_‘_giil..‘_.‘ RN 1' ore 1| csal HOY "I‘

' R 1
alian government over Ethiopd? ™

- dccessed: 2010-08-23
WALy

Protest Lrgets
disasier
hzlf\v_ /

G 1] T / Il
SUR Al matonal.ory/ney $/0182

|(l(l

Gener ated by CantScanner fromintsig.com

-



Soil Moisture Assessment Using Hyperspectral Remote Sensing

™ . l -
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1. Introduction

Soil is (he base for all life processes. As soil waler is a
highly dynamic entity. exhibiting substantial variation in
time and space. rapid acquisition of spatial and temporal
information on soil moisture remains vital to the precision
ol agricultural and other environmental studies (Liu er al..
2009, p.332-540). The amount of moisturc in the soil.
therclore. is important for recognized need of soil mois-
ure information (o support niny (ypes ol applications
such as timely sowing ol crops. deciding spatio-temporal
water requircment. irrigation scheduling. drought managce-

ment.

Quantitatine estimati
laver of soil has been most successful using the Visible

and Near Infrared regions as soil moisture. Mouazen ef al..

on of soil moisture in the surface

(2006. p.1293-1302) quantitatively and qualitatively
evaluated soil water content through Spectroradiometer

(PLS) rcgression method lor
1gle and multiple ficlds. Soil

srovided better prediction
). Sa-

applving partial lcast squarc
soil samples taken from sl
samples (aken from single ficld |
(R* = 0.98) than multiple-ficld sample sets (R*=0.88

hoo ¢/ af.. (2005.p.17-24) developed numerical onc di-

mensional index called “total information content index”

from spectral data of soil in 400-1100nm range and evalu-

water 3 (1)

plavs an important role in taking many: decisions in waler management. -
exhibiting substantial variation in both time and space, rapid ncqui\'i?f'on of i
remains vital 1o the precision of agriculiural and other L’lH»’fﬁ‘(l}’HHL‘HF(I‘/ stucies. Die
>l-n'uu('/w.\', livperspectral remote sensing has been known to provide re

The objective of this stuch vwas 1o discriminate soils at their various noisture
v firom hyperspectral reflectance data by the help of field spe
A ser of SO sampling points of six soil series were selected and a tota
Srom each point(0-135cm, 13-30cm, and 30-43cm). Spectral measure
Samples were divided into calibration and validation data sets. Spe
for surface soils was nuieh higher than subswrface soils and high correlation values were
1900mm aid 2200 wavelength regions. It was fc

L soil moisture is a highly cdhynamic
-al information O

AL

spatial and 1enipol

liahle informal
Jovels and assess moisture con-

ter (350 ta 2300 i, ASD,
cotlected taking
-esh and

ctroradionie
[ 240 soil sampleswere
ment was conducted for hath fi
ctral analvsis showed that spectra
shown in the strong

sund that the spectral reflectance at

jon than visible region and bands in this range were con-
stepyise regression method and principal coni-

content (R7=0.799) and (R"=0.803), respec-

egression, PCA

ated in estimating soil moisture of different soil types of
India. Petrone er af. (20004, p. 41-32) states that under-
standing of the soil moisture balance. its spatial and tem-
poral variability. is instrumental in quantifving the linkage
belween a region’s hydrology. ccology and geology al a

variely of scales.

Soil. being a non-idcal system and chemicallv and minera-
logical more complex than 'pure’ system. is often studied
using traditional laboratory procedures which are expen-
sive. costlv and impractical for assessing variability in
larger arcas. It has been a major concermn for soil scientists
and environmental managers to scarch rapid and inexpen-
sive techniques. Although remote sensing is handy when
mapping conditions at rcgional. continental and even
global scales and possibly on a repelitive basis (Schmugge
et al.. 2002, p.1367-1383). ground bascd method of soil
moisture mcasurement provide high quality data at a
point. Reflectance spectroscopy. specifically designed for
ficld environment remote sensing (o acquire Visible -near-
infrared and short-wave infrared (350-2300nm) spectra. is
precision instrument used (0 make proximal sensing mcas-
urements of the reflectance spectra of materials under

study.
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redic-

Reflectance data have been successfully “slciqg?;lla)re and
tion of numerous soil propertics. su.ch as 50[1 , aid B
organic matter in laboratory SludlC.S (Dl"( 4 ‘} g
1986. p.120-123: Ben-Dor and Banin. !,))-;-914-) -soiI i
nitrogen content (Vagen cl al.. 2006 P-.Z‘Sl'-' ) —
our (Mathicu er al.. 1998. p.17-28). soil "1015“'_“ e
(Carlson er af 1995, p.191-2035). and (he presen
swelling soils (Kariuki er af.. 2004, p 455-4‘6‘)). e
The extensive use of remote sensing techniques has 1ntro
duced a new cra for soil resources assessment and mo;:n-
toring in terms of information quality (Mermut and Es-
waran. 2001, p. 403-426) and created tremendous pOlCI}-
tal in assessing soil moisture. Bogrekei ef @l (;”fb-
P-1307-1317) showed the soil moisture cffect in predicting
Phosphorus concentration in soils and obsernved betler
results with (R*= 0.951) afer removing the moisture cffect
on absorbance spectra of phosphorus. The objective of the
study was aimed at quantitatively assessing soil moisture
content from VNIR hyperspectral reflectance data,

2. Material and Methods

2.1 Study site

The rescarch was conducted at Indian Agriculiural Re-
scarch Institute (IARI) farm. New Delhi. The farm is lo-
cated between latitudes 2837 — 28"39" N and Longitudes
77" = 77"11" E and lics at the end of (he western Mank of
the remnants of the Aravillj hills. The total cultivated area
of the farm is 243 ha. The relicl is ncarly level with almost
uniform inclination of Iow gradient ranging from 1-3%
and little more than 3% in (he upper picdmont plain, with
clevation ranging from 217 (o 241m above mean sea level
(masl). semi-arid climate. soil vpe ranging lrom sandy
loam (o clay loam. lemperature range varics from 43 v'C
10 45"C and annual rainfall ol 708.6mm.

The Directorate of All India Soil and Land Use Survey
cstablished six soil serics: Mchrauli.  Palam. Nagar,
Danvapur. Holambi and Jagat (Ingle er al 2009 pA43-48).
Mehrauli soils are well drained. veny deep. sandy Io
loam  soils. dark vellowish brown (o vellowish- browy
color (Ustocherepts familv): Palam are well drained.
sandy loam to loam soils of vellowish brown (g ¢
lowish  brown colors (Typic Ustocherepis

Holambi are moderately well draineg 1o well drained. vep
deep. , loamy (fine) soils ol dark brm\'ﬁ
to dark vellowish brown color (Tvpic Ustocherepis -
ily): Darvapur are moderately el drained (o well
drained. very decp. calcarcous, Joap, 10
silt loam soils of yellowish brown
brown colors (Ustifuvents familv): N

am lo

ark yel-
lamily);

0 dark vellowig)y
Agar are modery(cly

water 3 (1)

CGener at ed

well drained (0 well Flrililléd- very deep, Sandy o
loam soils of ycllowish brown 1o darg Yelloyjig, g
color (Typic Ustochcrepls l';l_ll}l]_\-)-_ angd Jaga .
ately well drained t0 well dum‘llcd clay logy, o ‘I’dcr.
soil of dark yellowish to yellowish broyy, (Typic Ug iy

: :
crepts family). )

2.2. Soil samples |
A total of 240 soil szm?plcs from iaﬂ S.’]ll\.l)]il‘lg Poin

samples from cach po.ml up to 45cm us:.ng augy sam:;c
and cach sampling points \\cr? labelled in (o lhree dq])“q
(0-15cm. 13-30cm. and 30~45cm) from Novcmbcr 231s
Dec. 2. 2009, were sclected over the fap of 24311:1‘1 ¢

And cach sampling ppomt was marked usmg a dif,

. 5 rcll[jﬂl

Global Positioning System (DGPS) intg jg longimdc i
. . L

Jatitude. Gravimetric moisture conlent wag then, ety

mined from the soil samplcs.

2.3. Hyperspectral reflectance measurementg

Alter optimizing with a white reference radiome(ric pang)
(spectralon) for correction of raw soil speeirg 10 reflee.
tance valuc. the reflectance mcasurcment ywyg made f
cach fresh and dry samples using ASDFicldspee handuglg
Spectroradiometer with calibrated source of light in gy
room condition without allowing any stray light yiig
may act as noisc while doing spectral measurement, Speg.
tral readings were taken in the spectral range ol 330-231
nm at 25° Field of View (FOV) and 0. [nm spectral resgly.
tion which was nadir loaking over approximately 43¢ of
the sample surface. An ASD Pro Lamp light source of
[4.3 Volt 50 Watt that is tripod mountable ywas in a direct
contact with the optical measurement unit situated at 0.70
meter from the  soil sample provided almost collimated
raxs over the sample arca and was connecled 1o a regula-
tion device (o avoid possible variation of electrical power
supply. Within (he optical unit.
reflectance fiber arc coll
43" Then immeq

the light illumination and
ccted together at constant angle of
ately afier speetral reading in the labora-
samples were Kept in oven for 24hrs al
¢s would dry up and attain a consanl
moisture of cach soil was determined gt

torv. the wel soj
105 “¢ 1) sampl
weight and (he
\'J'mclricnll_\'.

2.4. Data Processing and statistical analysis
For Processing reflectance data. different mathematict
Pre-processing lechniques have been applicd to raw reflee-
lance ang absorbange spectra (o remove noise within Spec-
(ra orjginzmng from  effects of illuiiiiiaton ot (oK
I‘O'“Ogt‘llcous distributions of particle sizes.
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The reflectance data were trgnslm;d from binary (0 ASCI]
and cxporlcd in balches using ViewSpec Pro (Analytical
;pcclfi'l Devices, Ine.. Boulder. CO). Then the 10 sequen.-
(jal reflectance readings ‘oblilll?cd from cach sample (240
scans) Were averaged using Mlc.rosofl Office Excel 2007,
p,roducing a master data ﬁlc with ong representative re-
flectance spectrum. per soil sample. Speciral data were
gransformed w ith first and sccond derivatives, Multivariate
Spatistical mcthods - Multiple Lincar Regression and Prin-
cipal Component - \\'crc. usu:q i cahbrating soil reflec-
fance (o individual gravimetric soil moisture for the fact
(hat these methods are important in dealing wiih high di-
mensional multicollincarity in the data sey (which is (he
case of in soil speetral data). The statistical analyvsis and
mode! development was done using SPSS statistical sofl-
ware and principal component analysis (PCA) lollowed by
multi-lincar sicpwise-regression analysis (MRA) used 1o
cxamine the relationship between the reflectance measurc-
ments and the soil moisture,

2.5. Selection of optimum band

The optimum number of variables used for regression was
determined by comparing their correlation values of raw,
first and sccond derivatives of reflectance and absorbance
values of the spectra. The first derivative of the surface
reflectance speetra was chosen for it was (he one having
highest correlation. Two approaches were used (o develop
the regression modcl: a) corrclation approach - MRA was
done by taking highly correlated bands 1o soils moisture
contents through comparing the correlation valucs be-
tween each band and moisture contents: b) PCA - for (he
calibration data sct. a total of 180 samples were cxpressed
as a lincar function of their spectral reflectance (for 40-
bands) with (he following Multlincar regression equation:

for as much as possible of variations in the original data
set. Finally, the stepwise regression method was used (0
develop regression equation and model predictability
model (R%) was cvaluated.

2.6. Development of prediction model

Best 23 and 40 bands were sclected from the first deriva-
live of reflectance spectra for correlation and Principgl
component approaches respectively for predicting soil
moisture content. The R* (coefficient of determination).
which is the proportion of variance in the dependent vari-
able which can be predicted from the independent vari-
ables. was used for evaluating the ability of model’s pre-
dictability of soil moisture. The R* values of (wo ap-
proaches were compared and the spectral data set with
highest Adj. R* was taken for selecting the model and the
optimum number of bands (independent variables). Tak-
ing Adj. R* is important becausc it attempts to vield a
more honest value (o estimate the R* for the observations.
Stepwise regression procedure in SPSS staistical software
was used for development of parameter prediction model.

2.7. Prediction accuracy

The ability of Visible and ncar-Infrared techniques to pre-
dict soil moisture was evaluated using the R* of measured
and predicted valucs of samples.

3. Results and Discussion

3.1. Soil reflectance

Soil reflectance was generally lower in the visible range
and higher in the near infrared with specific absorbance
bands around 1400, 2200 and 2400 nm. These are strongly
associated with OH' features of free water at 1400 and

1900 nm and clay lattice OH features at 1400 and 2200
nm (Fermando. 2003). Correlation coclficients between
soil moisture and reflectance spectra showed both positive
and ncgative correlations at various wavelengihs across

Yi= a*X) +a*Xs+ .. +a,X,

Where. Y; are the i" number of observations (dependant

variable. in our case soil moisture) (o be predicted. b0 is
constant: ay. . ... a, are the coefficient values computed
by the model: and Xi. Xa Xs..... X, denote n-number of
independent variables uscd in the rcgression model.  In

this case. what the model does is that the highly correlated
original variables (in (his casc. bands. independent vari-
ables) were transformed to a new set of uncorrclated vari-
ables by multiplying (he variables with their respective
component score cocfficients called “principal compo-
ents”. which in definition are lincar combinations of (he
original variables and arc derived in'dccrcusing order of
importance so tha the first principal component accounts

Water 3 (1)

the spectrum.

3.2. Optimum band width for developing relation-
ships with soil moisture

3.2.1. Correlation approach
The correlation with soil moisture conlents
data was computed and plotied against wavelength. The
highest correlation for raw spectra. firs| and second de-
rivatives of reflectance and absorb

ance with their respee-
tive wavelength regions.
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3.3.2,

tion approach _ ¢ volume of

This approach involves reduction of the bulk eelinisd

faw spectral data (o new spectra data scts ive ables were sclected to develop reg;

I spectral averaging at cvery 10nm successive robability of F—to-enter 0.03
- al ¢ 4 8 ¢« - e jolod ]

and the raw spcclc;q of both reflectance and absorb- :

¢ o &

throug
bands;

; iino correla-
Development of regression model using

) ] 1d deriva-
ance spectra with their respective first and sccond

ives were tested for. sc?lccling best b,
the most fitting prediction of spj
derivative of the surface refleg N
mum correlation values Containing pRIE |

il moi ‘ 1 predictability
Table 1. Spectral models developed for soil moisture and model |

Regression model : : __
Parameter = 126.219%R 195 - 44 1LOGY*R’| 3 +634-974*R_ 2235 - 801.426%R S~y
X e " 483.272%R s + 337 I54*R 735

. e epression model
R’ indicates firs derivative of reflectance used in developing the reg

3.3.3. Development of reo
tomponent analysis

Multiva
monly

Properties prediction (Shi
Was applied for selecting
moisture contens, The fir

Spectral

Parameter

rate regression modelling. one of the most com-
used approach i

best data st for studving soil

data was also sclected and two new set of uncor-

Table 2. Speciral models developed for soil moisture

and model predictability using PCA

(0 develg

Regression Model

me

= 136332 pC, - 361.422PC2

an,
. ds 1Qse“
MOis(yp, loy,
ance gpo. )

4 ¢,
CSsion
and l‘emo‘-e 0

1oy,

i fincip: independent variables called .

sing principal  related |
sresion model wingz 4 nents” (PCs) were transformed from, (h
original set of variables which are
1 soil spectral analysis of soil  (otal Ql’ ‘)5_.5% variation l'Il the
and Huang. 2007. p.393-407).  those identificd two PCs were ug

1P ¢
¢ highy M

o ol
accoun(jy for o
origingl da
cd

models through stepwise regression
st derivative of (he rellectance  shown below:

T
A5l T,
P Prediciy,

Adj. R?
0.906

Where. PCI and pCa2
cipal componen( 2.

In the above (wo cqu
ues indicatc (hat 94.

moisture
variables

of the strength of association.
tent to which any particul associ- i,
ated with the dependent variable,

samples useq fo

water 3 (1)

are principal component |

ations of (he model. (he Adj Ry
3.9% and 90.6% of the variances in

content can be predicied from (he independeny
respectively. Note that (his js

al-

an overall measyre
and does no( reflect (]

eex-
ar independenq variable is

0.08 1
0.06 -
0.04
0.02

Figure 1. Plog of Predicted vg Me

asured V.

and prin- 334, Valid
A total of 6() s
derivative of (e reflect
moisture confens Soil
= 0.799) when the b
used and (he predict
analysis (R* = 0.803) wij
at the mode] g predic(iy

ation of prediction model
amples were used for v

abilif

= 0.810x+0.017

R:=0.799

alues o Mois(yre content

= - mocanner 1romi ntsi g. com

alidation of the fi
ance spectra with gravimetric i
moisture was predicted good (X
ands of high correlation values were
v better for principal componeil
hAdj. R* = 0.906, 1t was foud
¢ ability was found to be good

Y9I predicting moisture contents of 6
rvalidation,

M

D¢
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i Conclusions

avclopment ol new spectra data scts from (he bulk vol-

D I
pe of raw spectral daty (which was iy Inm widily)

u ; -
(hrough resampling at 10nm helps o minimize (he dimen-

gon of data sel thereby suppressing the bands i visible
jcgions which do not contribute for moisture study. The
chosen Tirst derivative ol the raw reflectance spectra was
(he besl among other spectral paramelers (o {IC\'cIop the
mast (iling prediction model of soil moisture. Onee (he
soil moisture is sufficient (o cover most of (he particle
surfaccs. additional water that fills large pore spaces will
[ave small impacts on spectral reflectance. In contrast.
absorption of water at wavelength greater than 1000nm
causes any water added to have important effeet on (he
reflectance. Although the moisture contents are less than
(he vatlue where increase in moisture content will have no
significant cffect. the results observed from the spectral
curves showed that the spectral reflectance at the NIR
wavelength is more scnsitive (o the soil moisture varia-
tion.

Thus. the soil moisture was quantitatively analyzed based
on the reflectance at NIR region which are of strong ab-
sorption bands. Thus. the regression model developed by
using 180- samples in calibration data set and 60 samples
for validation showed good performance of the model
with coefficient of determination (R*= 0.799) using step-
wisc regression mcthod and belter resull (R*=0.803) was
found using PCA approach. The study has scope (o take
up for other soils having large variation in soil moisture
and other soil propertics both at ground and satellite level
for suggesting suitable bands and model for soil moisture
estimation both at local and regional scalc.
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Emluation of Rural Water supply and Sanitation system in Dendi woreda
oromiya Region

| Girmay Hadgu' and Mckonen Ayana?
South Water Works Design and Supervision Enterprisc
“Arba Minch University

Abstract »
The { nited Nation General Assembly stated that having safe and clean drinking water and sanitation is a lnman

yight. Hlowever: [’f'f"'f-‘ff”’ ‘?f-‘"”-""”"””’”'" water supply and sanitation is a serious problem in Ethiopia in vast and in Dendi
yoreda in particular. 1 i"“”“f/”""' this study was conducied 1o evaluate the sustainabilipy of rural water supply and sanita-
o systen Dendi Woreda. A multistage sampling technique was used to select the Kebeles. - total of 240 question-
paires were administered in eight sampled Kebeles. Both quantitative and qualitative data were generated Sfrom pri-
marv and secondary sonrces through questionnaires, observation checklists, kev informant inferview, Jocis group
discussions and - document review. The largest (IWorkagara) water supply. distribution sysient was analvzed using
engmnecring sofware EPANET-2.Inaddition, Are GIS software was used 1o generate waler supply access map .
H;c data fram households were analvzed using descriprive statistical rechniques and triangulated with the discussions.
ponrteen water samples were also collected and analvzed using standard procedures. In addition, a cross-sectional
nation with faecal

pisk assessment using a standardized format was carried out to identifv risks for contami
from hand dug

samtary
pacteria and to see the association with water quality result. The sampled water supply schemes were
wells, shallone wells, springs and bore holes. The result indicated that higher non Sfunctionality rate ywas ohserved in
porchales (60%) and the remaining faced frequent interruption due to poor design and construction, low operation
and maintenance and lack of spare parts. Inappropriate pipeline route selection and excess pressure was ohserved in the
fargest spring (Workagara). The capacitv of IWASHcos 1o manage the existing water schemes ywas limited. Conmunity,
expecially women's participation, was ignored. The study indicated that 63.32% of the respondents pay 10 birr per
m3 for water fee. However, the community consumes 9.43lcd and is_found 1o be below the Ethiopian and 11'HQ stan-
dards of 135 and 20 led with in 1.5km and Tk radius, respectively. The collection and  transportation of waler
was done by mathers (32.92%) and daughters (43.73%). Most of the physicochemical parameters cansidered were
with in WHO guideline for drinking water but turbid water was observed in Bete ejersa lafo (16.317TU) and Ashene
(1031100 The fecal coli form indicator was found from nil to 104 ¢fit (coliform forming unit) perl 00 mil. and total coli-
Jorm was from nil 1o oo many to count. Imost all publicly used water sources were glossily polluted of fecal cali form.

The result of cross-sectional sanitary risk assessment was significamly and positivelv correlated with water quality (r
0.64%. Presence of animals nearby the well, poor drainage, cracked drainage canal, missing of fence and col-
lection of spilt water in the apron area were anong the identified risk factors. The respondents have traditional
pit latrine wpe (41.3%) and the availability of latrines were strongly associated with sanitation education (r = 0.75%).
Hence. the literates have better exposure toward pit latrine availabifitv. It was observed that 57% of the re-
spondents dispose drv wastes in open fields and 64% splashed liquid wastes any where or in their backvards.
Thes stedy found that the status of water supply and sanitation svsiem of the Woreda is poor. Thus, the donors and the
nunicipaline: should give  priority attention o improve the walter supplv and sanitary conditions. It is reconm-
mended that reevaluation of the design and consiruction of water supply schemes and regular disinfection of

drinking water sources needs to be run. In addition, the sanitation practice should shift from drop and store‘do

HUU’.’.‘H‘;{ (1/_1/_]!‘{)([(‘]?(’.\' 1o !i'c:ulngicn/ satitation.

Key Words: water supply, sanitation, water quality, sanitary survey, Dencdi 1Horeda

Life™. Most rccently. the UN General Assembly again
alfirmed safc and clean drinking water is essential as
human right to the full enjovment of life (WHO.
2011).

L. Introduction

The UN General Assembly declared the period from 2005
02015 as (he international decade for action. “Water for

Water 3 (]) 107

P

Gener ated by CantScanner fromintsig.com




e ized
. Iy recogniz
This is becausc water and sanilation .;1rc \\lldil.lh nd well
as an essential component of life since 13‘ e 1 O
being of a population is dircctly affecte —
crage of water supply and sanitation (Mengeshx
2004).

Despite various efforts by governmental chim”‘C”lSl:”:)c]j_
non-governmental organizations on  the developmel g
water schemes of the arca like Intermon Oxfam \Vo'r a
gara large gravity Water supply. sanitation and h)g:Cll(;
promotion project. (here is still a critical problem o
sustamability of (he water supply scheme bCC:IlISC‘Or
poor OI)CI':I.liOH and  maintenance,  low conslrlucllron
quality. low water quality. low hygicne and sanitation
practice and poor design in distribution systems.

Most  of (he recently  constructed  water  supply
schemes are not functional as a result of frequent
break down and large gaps have been obsenved in the
sustainability of warter supply and sanitation system of
the Worceda, According 10 MoWR (2006) estimates
33% of water supply schemes in Ethiopia are non-
functional a any time. with negative impacts on cov-
crage and universal access due 10 lack of funds for opcra-
tion and maintenance. inadequalte community mobiliza-
tion and commitment and lack of sparc parts (Moriarty ¢t
al.. 2009) This gap about sustainability issue is (hus boltle
neck to provide water i sustainable manner,

Currently. there will have no  lesitation  (ha the
nced  for such study in Africa and specifically in

Ethiopia. fargeting 1o cvaluate Waler
\nitation  systems have  paramouny impoﬂa
sanil: :

ore and post-project phases. This rescarey, Work
i «

specifically investigates about (he cxisling Wi

" T sy
svstem in the study arca. the |)]1}SlC0€hCIHiCa] IIDDL
logical and sanitary risk assessmen| of the vy,

svstem and the existing sanitation system

arca.

2. Materials and Methods

2.1. Description of the Study Areg

Dendi Woreda is onc of the 20 Woredyg in W,
Zonc of Oromiya Region.  Dendi is (e seco
Worceda next (o Gindebert (2.369 k:112) in Wes Shoy,
Zone with a total arca of 1411 kin® The gcogfaphicm

location of Dendi district is 8% 337 " Latitude
3821070" Longitude East. In addition (he high
lowest clevation of the district are 3270m gp
respectively,

2.1.2. Data Collection  and method of analys
Table I below summarizes (he data collection
ods used (0 analyvse them. The schematic repres
sampling selection followed s given in Figure |

Table 1: Brief description of data collection and Mcthog ol analysis

Methods of anal

*  [Elevation, Diameter,

Roughness cocllicient

* GPS reading of water supply
schemes

* Tourteen  waler samples  [rom

diflerent water supply schemes

Length  and

* Arc (1S 93

Physisca ¢h

Sanilary inspection records

pcrccniage

Percentage of TIIT res
quality

ponse, Waler
and sanitary Inspeclion result

W * _Qualitaljye
- Qualitative
*  Sccondary Data

water 3 (1)

* EPANET 2.0 based on the

Membrane Filtration (for '
Baclcno]ogicu]) and Aloinic '
absorption § -+ Water quality

The score was summed

* STATSTIX 8

ysis I Output

* Pressurc at junction

PEelro photo mefrie (for |
cmical waer samples '

and changcd o

'+ Correlalion

| *_Qualitative Information

| o 1als ‘ 1 n
Document Rey Qualitative Informatio

icw
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50 Kebele 5
33 Kebeles :
I St il

: Woina Dega ' i

| Dega 29%)

‘ Purposcly

| Stratificd based on scheme availability

Stratificd based on agro-climate zones

r/\sgorr’
Wamura Scko
Yuobdo Legabatu
Geba Dilbeta
Sarawa Dcbis
Awash Boloto

dite Ejersa Lafo
Worka gara

Random sclection

- A total of 240 House holds

Figurc I: Schematic presentation of sampling design

3. Status of Water Supply Schemes

Of the constructed water supply schemes most of them are
nol functional for many reasons. For the major problems
identificd. as the causcs for scheme breakdown mainly in
hand dug well was flood intrusion. ground water draw
down. collapsing of the well. poor commitice perform-
ance. pump failure and pump taken by river. These could
be the resull af inappropriatc sitc sclection. poor design

Proportional 10 sample size

and construction and poor commitice paricipation. As per
the report. from the then Water Desk Officer sixieen hand
dug wells were constructed in summer 2006 and the water
table was found at shallow depth. However. the wells got
dricd soon in the winter season. Regarding the non func-
tionality of the water points. it was reporied that it was
duc 10 the failure of finings like Couples. Gate valve. Un-
jon and Check valve,

Table 2: Functionality of water supply schemes of Dendi Woreda (Woreda Water office)

Type of water Number of | Number of func- | Number of non | Percent of non
sources total schemces tional schemes functional functional
schemes schemes
20/
Hand dug well 78 60 13 3%
Motaorized spring 3 J = -

- ¢ 3 23%
Medium/Shallow 12 J ‘
well

5 3 0%
Borce hole - 2 7 60%
T : 3 1 16%
Gravity spring 0 - ﬂgn/J
o 5 D £ , 0

On-spol spring 8

EU—

(
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3.1 Community Participation w
According to the findings of (he survey. the community I$

mainly participating through labor and local construction
matenial contribygion,

The participation ip

planning and site sclection was negli-
gible and hjs |,

as been also confirmed during the FGD
meeting where (e participants complained that (hey were
ot consul(ed during site selection. One best example was
the case wiy), Workagara Kebele conflict with Water Ac-
tion.  The villagers who reside around break pressurc
“wake village™ wiih hearly 23 HHs was observed fetching
Water from the breyk pressure. The reason was (hat there is
o water points around there vicinity and they arc nol
agreed with (e water points site selection and they were
not participating a1 g1 Brett et al.. (2007) also observed
that with ouy considering communitics preferences from
the differen members of the communitics it is unlikely

that an extemally chosen water supply infrastructure will
sustain longer.

3.2 Continuity of w

ater supply
When (he v

ater 1s not available in the tap for different
Icasons almost 50, (n=120) of the respondents said that.
they use Iake water and 37%, (1=89) utiliz¢ from unpro-
lected spring, This happens especially when (he scheme is
non functional or when there s discontinuous supplics duc
to different reasons, This implics (hat when the water sup-
plics is irregular. house holds are forced 10 use other alter-
native sources probably less water quality but morc con-

Source.3

[
Source.2

P2
TU] P

pis
JU2,
i /N

Source.1

Figure 3 Workagara water supply distribution network

water 3 (1)

venient in terms of distance. This eyl c

as a result of fragile gre My
study arca occurs as a result of fragj colicrﬂlion an "l
- . 1157 - . <
(enance. poor design and inappropri Plpeling
‘ [
oy le S0,
lo mc@l

“lai"_
lection. This leads 1o (he inability of the Sup

demands especially during peak demang ;

'I'aaf £ Al R )
Figurc 2: Distribution pipcling
surc around Awash River

res.

To look for the exact problem of frequen break dowy of
pipelines. the largest i.e. (Workagara Spring) yy
distribution network was evaluated for its Pressure jy, 1hlc
nodes using EPANET-2 software based on
document (Water action. 2006). The result shown i figure
3 indicates that the low pressure nodes are hormally (o
at relatively high clevations (labeled in blye color). The

node with red color indicates (hat the pressure in the pipe.
line is above 100 m head.
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¥,

h 48

ElhiOPm" guideline criteria for the minimum and
J opcmling pressure valuc in the distribution net-
{5 m and 70m respectively (MoWR. 2006).

1L

lnﬂ‘i”"”"

the

werer: . .

Ho  more than 200m head for example the actual free
]]lllc

A was 363m. while. the pipe has capacity of 100m head
Other than the incomparability of pipe rating and
head. the design alsa lacks proper material speci-
which can tolerate the adverse condition at this

«ific point. In this respect Abreham (2012) and Tizazu
55{"”2) nas observed that the main cause of water supply
;lcmlp[ion for Hawassa and Yirgalem town was not of
sressure. rather it was due to water shortage from
and lack of maintenance.

hhei
(10PN)
rcgsurc‘

fication

excess |
(he sourcc

3.3 Water consumption

The average water consumption of the total houscholds
were calculated and it was found that. on average 16.52 %,
(n=40) of the houscholds were found to use 201it. 20.74%,
(n=48) of the houscholds 40 lit. 22.62 %( n=34) of the
nouscholds 60 lit and the rest 40,12 %( n=96) of the
houscholds use 80 lit of water per day. The average is
about 30 lit per day. The average value of the per capita
water use for the sampled Kebeles with average sampled
sizeof 6.75 15 7.4 1lcd.

One of the possible rcasons for the low values of daily per
capita water usc is that the distance to the scheme is not
comvenient and frequent interruption of supply. When it is
compared to \WHO (2003) standard. the houscholds are
below basic access (i.c. 20 led) and below Ethiopian rural
water supply standard (i.e 13lcd) (Mo\WR. 2006). The
volume of water used is primarily a function ol proximit
and it has been shown in a number of studics that once the
source of waler is located outside the home environment.
the volume of water used decreases significantly (Howard.
2002).

3.4 Conveniences

The average distance people’s travel to feich water is
about Ikm (30 minutes). As per the JMP (2006). if the
distance from the source is more than 30 minutes. people
collect less water than they need to meet their basic needs.
Since a large number of houscholds are using public
sources due 1o inconvenient location and longer waiting

lime. most of rural houscholds had to go out (o fetch their
drinking water.

Water 3 ()

3.5 Water cost and willingness to pay

As per the investigation about willingness to pay for the
service 63.32% (n=152) of them respond that they pay for
the water while the rest don’t. It was obscrved that. in ar-
cas where they don’t pay for water fec. the scheme is less
repaired when break down occurs. Since. (he annual main-
tenance cost is covered from water fee. In arcas where the
community pays. they report that they pay 20 cent per 20
litter Plastic tanker which means 10birr per nv’. In arcas
where shower facilitics arc available i.e. in case of Inter-
mon Oxfam target Kebeles they pay 30 cents per person
mostly to stay taking shower from 20 to 30 minulcs. Bul.
the users don’t pay for their cattle’s. Regarding (he under-
standing almost all respondents are willing (o pay as far as
they get better services.

3.6 Operation and Maintenance

The data shows that. 37.02% (n=136) of the water supply
schemes arc with water point operators. Nevertheless. the
operators have not reccived adequale training and neces-
sary tools to operate and maintain their system. It was
found that 87% (n=288) of the respondents in the Woreda
did not believe the operation and maintenance trainees had
the capacity to maintain the scheme. based on the trainces’
performance. Aboul the sysicm mainienance. cmergency
(vpe maintenance is practiced. It is carried out usually
when major schemes break down. Whenever a break down
occurs there is no an immediate measure taken. Rather. it
takes in average 2-3weeks especially when fittings arc
lailed.

The frequent maintenance could be the result of poor de-
sign and sound construction. Other problems encountered
arc lack of ownership. lack of sparc parts available near
around. lack of capable manpower. lack of evaluation and
monitoring. lack of (ransport. ignorance of local bodics
and insufficient water fee collected.

From table 3 it is observed that the highest fecal coliform
number (i.c. 104/100ml) was found in hand dug wells. In
addition all of the hand dug wells were E-coli contami-
nated. Therefore. the result from the present study reveals
that most of the people in the arca are prone (o waler born
discascs such as Typhoid. Diarrhea and the like. The peo-
ple also reported that Typhoid 31 %( n=74) Intestinal
parasilc 48.85 %( n=117) and Diahrra 6.75 %(n=16.2) arc
the major discases facing in the Worde.
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4 Water Quality and Sanitary

4.1. Water Quality results

The water quality parameters of selected wal

o ply Schemes..,
Table 3: Bacteriological Water Quality of Sampled Waler SUPP

: nted
er supply schemes arc as prese

|
|
[
'
|
|

in Table 3.

: No. of Total | Number of Fe. Rcm'lrk
No | Kebele Site Source S“_'“pl'"g colforms/100 | cal coli form
point ml (cfu /100 ml)
TNTC 88 m
1 Wamura Samoncnya | HDW | HDW Potabjg
N Seko 38 Nop.
7 | = Ashanc HDW = [ HDW e —_m
‘ TNTC 104 7@;55\\
3 >> D;]go'\'c HDW HDW abl
68 2
4[> Dugingi HDW | HDW 120 ’ 7@5}@@;
10 :
5 == Dagoye Spring | Public ™ m
_ stand pipe
6 |>> Aba  Keo- | Spring | Public 107 at [ Non-porgiy
| bede Stand Pipe
7 | Warka Wake spring | Pressurc break | NIL ) W
Gara
8 | Worka Andenya spring | Public NIL Potable
Gara Mir stand pipe
9 | Awash Sotalo spring | Water point NIL 3 Potable
Bololo
10 | Asgori Asgori BH Water point 26 2 Non-polable
11 | >> >> BH Resenvoir 13 4 Non-potable
12 [ Sarawade- [ Kore SHW SHW NIL Polable
bis
13 | Bite Ejersa | Bete Chns. SHW SHW TNTC l Non-potable |
Lafto tian
14 | Thud Ihud BH Walter point NIL potable
Gabaya Gabayva (private)
Note:-TNTC=Too numerous (o count .CFU Colliform forming unit. BH borc holc, SHW. shak
low well. HDW. hand dug well

Among the hand dug wells the minimum ¥

Coli form was found in Ashene (38/100m])
mum number was counted in cho_\c(l(M/I()(hnl). This

high level of microbial cont

alue of fecal
and the maxi-

amination was probably be-
cause the wells are located near (o river. poor design

and

poor sanitation condition around (he well. Whereas, (e

number of fecal colifrm count in workag
from nil at the break pressurc where
(Guduru. Gogola and Harbu) meet 10
coli form counts at the fringe w
likely due to frequent maintenance in (he
tion pipeline and intrusion of con

water 3 (1)

ara spring ranges

the (hree Springs
gether (0 27 fecy]
ater points. This jg most
ater distriby-
aminants through (he

loosen joints. The results of the physical and chemicl
paramelers were within (he acceptable guide line lin
its of WHQO standard for drinking water but (urbid wate
was observed Biteejersa lafo shallow well (16FTU) o
Ashene hang dug well (10FTU),

4.1 Sanitary risk assessment
Table 4 describes (he sanitary risk assessment scores ™
corded. Except (he shallow well found in Sarawadebis IJ g
Test studied water sourees were at risk of contaminl®"
with bacterig] [ecal organisms,

12
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¢ aggregalc risk score varied from low (o

e ‘l‘f“"[‘sl,cciﬁw“-"- 66% of the schemes had a very
oy mg“- (g 1-100%). while 16% had a medium risk
pigh l'i _’;(]‘,'/u)- another, 16% had low risk scorc. No hand
SCoror pallow well attained a risk score of cither nil (0%).
qugt

, risks identified were presence of animals

_ commo! ;
poor drainage. cracked drainage canal

ThL, » lhc \\C”.

arb} :

e i o fence. less cement around top ol the well. col-
ssine : : .

mll'on 0 il{ water mn the apron arca. cracks in the ce-
I . ‘ ”

lee ~bsence of diversion ditches.

pent floor-

able +: Hand dug

Tllc correlation of fecal coli form counts with the sanitary
risk score was (r=0.63*) thus. the correlation of fecal coli
form counts with the sanitary score showed that. it is 2
consistent with water quality result. According 10 loyd
and Bartman (1991) finding in a number of developing
countries, (he contamination in walter supply schemcs was
significantly associated with the sanitary condition around
the well.

and medium/shallow well sanitary inspection result

.
Rebele :|2;;;211(:)1'1-10[\]\;’]]\]\(‘Llldug Riskcobsenved - msk QW
Wamura Scko ["Samoncnya 3.4.5.6.7.8.9.11.12 ;%Orc I\)/Icor;-(;ligh

Ashane 3456789101112 100 Very High

— | Dagoxe 333810 50 —Medium

_— | Dugingi ‘ 3.4.5.0.7.8.9.10.11 90 — [ Very high
Sarawa debis Kore 3 10 _IE\'—‘_-_—__—
Bite cjersa lafo LEClC kircstian 3.4.5.6.7.8.9.11 80 Very high

Regarding (he house and environmental sanitation in the
Worceda. the result from the survey shows. there is no
proper Way of disposing for both dry and liquid waslcs.
The community simply disposcs wastes in open fields
indiscriminately. Mor¢ {han hall of the dwellers 37%
(n=137) in the Woreda dispose in open ficlds. The other
32 %( n=77) disposc in open refusc ficlds and 1 %( n=2)
dispose 1n closed refuse pit and the rest 10% (n=2+4) burnt

in open ficld.

This implics that most of the
fenced off to prevent access by scavenging
degrades both the quality of the life of the community and
(he environment as well. Becausc. (he solid waste which is
decomposed can be used as manure. it will be supportive
(0 encourage and teach the community aboul {he modemn
sustainable sanitation system 1.C. Eco San (Ecological
sanitation) of decomposition of solid waslc and its usc as
fertilizer.

According (o the data.
Pour the grev water in 1o waste pil.
in to their back yard and the reslt simply spl
i their surrounding.

disposal (refuse) sites are not
animals and

36% (n=86) of {he respondents
18 Yu( n=91) splashing
ash any where

% (n= 80) disposcs

Among the visited houscholds 33.16
o,( n=84) of

feces of children in side the toilet. whereas 35

water 3 (1)

them dispose in the forest. Thus. the majority doesn’t dis-
pose it properly: mainly they throw it arbitrarily at their
homestcad. This shows that. their attitude and awarcncss
(oward the proper use of latrines is not good. Most of the
respondents believed baby feces werc harmless while it
has been reported that baby feces that is not properly dis-
poscd might put houschold members at risk of diarrhea

(Tumwine et al.. 2003).

4.2. Types of latrine constructed and level of utili-

zation ;
ructed in the rural Kcbeles arc

Most of the latrines consl
mainly waler independent traditional pit latrine (TPL).
3 meters depth and

The visited latrings are between 2103
they are not ina good condilioil.

Some of them arc attached with the main house and don’t
have proper ventilation and lightening. Somc of them
don’t have also properly constructed wall and roof and
they are only covered with plastic sheet. However. the
(oilet has culturally accepted and there is no any prohib-
ited problem in regards (o the custom of the latrine.

[n all Kebeles there were three (ypes of latrines observed
(hesc are open pil latrinc/without house, pit latrine with
walls but without roof. and pit latrine with closed wall and

rool (Table 3).

113




In regards to the utilization of toilet. it is difficult lov C?ll-
mate the utilization rate. as because day to day obsen ation
and rccord are required to evaluate the ulilizall(.m rale.
However. the house hold inspection revealed that in most
of the rural Kebeles, feces were observed in the surrm!nd-
ings of the,toilets. There was also smell around the lonlc-.:t.
This was in agreement with he house hold survey {11
which 38.88%of the toilets bowl was not covered and in
most of the toilets there was no water container.

Table 6: Types of latrine constructed

Per- N
cent
Simple dug with out housc 17.1 41
A house with wall and roof 57.5 138
A house with wall bu( without 2543 ol
roofl
Total 100

As per the discovery of the study 41.3% (n=99) of (he
interviewees constructed their own latrine. However, the
latrine availability docs not mean that the peoples used it
rcgularly. Among the reasons they raise for not using the
latrine regularly were due (o bad smell around the com-
pound 16.67%(n=40) feeling uncomfortable in using the
latrine 27.78% (n=67). and large distance between agricul-
tural ficlds and their home and latrine 35.56%(n=133).
This mayv be duc to many of the respondents were males
65%(n=156). Generally. (he approach on sanitation in the
study arca relies mainly on two calegorics “Open defec-
tion™ (Do nothing approach) and “Drop and store (Pit La-
trines)” approach.

4.3. Impact of sanitation education

According to the result. 70% of (he respondents in worka-
gara Kebele have pit latrine. This may be because 68 Ya
( n=156) of them got sanitation education. The lowest
number of pit latrine availability was observed in Bitegjer-
salafo. Among 34 %( n=81) who got sanitation education.
only 14.7 %( n=335) have pit latrine,

The sanitation education was significant associated with
pit latrine availability (r) 0.75 (his implies sanitation edy-
cation is the prominent factor for (he existence of pit Ia-
trines in the study arca. The present study was in agree-
ment with the study conducted in Bangladeshi in which
the sanitation condition was poor as a result of low level
of education about sanitation (IWSC. 1989).

w;ﬁcr 3(D)
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5. Summary and Conclusions

This study was aimed (o evaluate the susl:linabilil_y ofm.
ral water supply and sanitation s'vslcm‘of‘Dcndi Wored&
It focused on water supply s_\'slfzm‘ samlauc?n system, yy.
ter quality and sanitary inspccllop anq hygiene behaviorg
in the study arca. Dendi Woreda is I.I]Z]l‘nl_\' ‘ser\'ed by hang
dug wells (78) and spring with distribution network to
waler points (above 36) and 12 shallow \\‘.clls, Howeyer
there is a high rate of scheme and waler poin( breakdown,
which has harshly affected water service delivery. High
ratc of non functionality rate was observed in Boreholeg,
In addition. 27%of waltcr points arc not functional.

Dendi Woreda is mainly served by hand dug wells (78)
and spring with distribution network (o water poins
(above 56) and 12 shallow wells. However. there is 3 high
rate of scheme and water point breakdown. which has
harshly affected water service delivery. High rate of non
ful1Cli6n;|lil)' ralc was obscerved in Boreholes. In addition.
27%of water points arc not functional, ,
The cause for frequent break down was duc (o inappropri-
ate site sclection. poor design. poor commitice participa-
tion. lack of fence and ownership. Couples. Gate valye,
Union and Check valve were indentified as part of distri-
bution system which fails frequently.

When scheme breakdowns oceur. the speed of mainte-
nance is slow and cmergency (ype maintenance is prac-
ticed. Maintenance js carried out usually when major
schemes break down. Even tough 37.02 %( n=137) of the
water supply schemes are witly water point operators. the
Operators have not received adequate training and neces-
sary lools (0 operate and maintain their system. As a re-
sult. 87 %( n=208) of (he respondents in the Woreda did
not believe (he operation and maintenance trainees had the
capacily lo maintain he scheme,

Most of the water points are not placed at a reasonable
distance 1o sene (he majority of the community. A num-
ber of houscholds reported that the locations of alternate
waler sources are more convenient for them, About 283
Y of the water supply schemes arc found in distance
greater than 2 km, '
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schemes do not provide enough water (o
[ The per capita consumption for (he (o(a]

o denane . ;
werage family size of 59 is 8 471cq

th ‘

|\clml(ls with ¢ .

g o is ess (han 20 Jiters reccommended by WHOQ 35 5
sy 1S A=

whic

am requ |

also lower than the standard set in Ethiopian

(0 {1CCCSS I5 liters of water per capita within g

]]h.'C

7 irement for respecting the human right 1o
1 :
mintt .
paler s
g[ll(lclmc i
| 3k radius. . : ,
‘l' pipe line route sclection and installation for (he larg-
The ; derenra) i : ODri .
vty Spring (Workagara) 1s not appropriate. Some
ogl LI . B o R
’ (ol it was laid on gullies and to overcome the problem
pil : : -
I osion protection measures nor other mechanisim

i
peither € _
{ also lacks appropriate trench depth and back-

was taken ! . .
flling [n addition (o this. the rver Ccrossing structure wis

paken by lood. So that. it is .'1|'|":|i(| that the water supply
astem will sustain for long (ime unless mcasures are
faken

The weihk continuity in the study arca occurs as a1 result of
fraeile operation and maintenance. poor design and inap-
pr(;pu;llc pipeline route selection. The result of analysis
of distribution system for Workagara spring shows that (he
pressurc i the pipe ling was much higher (363m head)
fhan the pipe capacity (100 m head). This leads to frequent
pursting of pipes and couplings.

Regarding the water fee almost all of the respondents arc
willing to pay. But. currently 63.32 % n=132) of them
responded that they pay 0.2 birr per 20liter Plastic tanker
or 10 birr per m® for water fee.

Generally, sustainability of water supply svstem  in the
study arca 1s clearly being undermined due to less commu-
iy participation. in proportion of women in the WASH
committee. poor design and construction. low capacity of
carctaker’s. less availability of spare parts and unreliable
of waler supply in the Woreda.

The major sanitary risk factors recognized in the study
area were cracks in the infrastructure. leaks. unsanitary
conditions around the source. additional potential source
of pollution closer to the water. animal aceess (0 (he water
souree. and poor drainage system. Hence. (he use of local
knowledge in addition to scicntific methods is advised in
the sitting of dug wells. There is posilive co relation be-
teen water quality and sanitany inspection (r =0.63) this
WS, the poor sanitary condition at the well deteriorate
the wager quality in i, -

The regy ol \'\
(‘\‘\"01']-\2\!32!!';1)
the \\’HO

ater quality at the source of the spring
for both fecal and total coli form was within
guideline of drinking water quality but. it be-

Mter 3 (1)

comes below the standard while it was tested at the users
water points. This happens because (he distribution pipc
lines fail frequently. In general. from 38 to 104 of fecal
coliform and from nil (o too many to count of total coli-
form was observed in (he water supply schemes. From the
sampled sources 75% of public watcr sources have pre-
sumptive bacleria count above permissible limit for drink-
ing water. This implics the potability and safety of these
sources were questionable. The  results of  the physical
and chemical parameters were within the acceptable
guide line limits of WHO standard for drinking water
but turbid water was observed at Bitecjersa lafo shallow
well (16FTU) and Ashene hand dug well (10FTU).
According 1o (he observation made. (he contamination was
mainly duc 1o lack of proper care for the water supply
svsiems. Furthermore. lack of regular supervision. lack of
disinfection and proper maintenance were (he reasons for
contaminating protected water sources. In this regard. the
Worcda personnel raised the problem vehicle as one major
obstacle they faced to make regular monitoring of the wa-
ter supply syvstems in the Woreda.

According to the data regard to sanitation practice. 37%
(n=137) of the respondents dispose dry was(es in opcn
ficlds. 36 %( n=86) of the respondents pour the grey water
in (o wastc pit. 38 %( n=91) splashing in to their back yard
and the rest simply splash any where in there surrounding.
From (he visited houscholds 33.16 % n=80) ol thcm dis-
posce fcces of children in side the toilet. whercas. 353%
(n=84) of them disposc in the forest. Thus. the result from
the survey reveals that dry and liquid waste handling and
disposal practice in the study arca is poor.

As per the finding of the survey about 41 %( n=98) of the
community owns pit latrine. Most of them were with in
Workagara WASH project target Kebeles. However. the
level ol utilization was not significant. The output of the
sanitary survey also shows that there is direct relation be-
tween the availability of latrine at houscholds and their
exposure for sanitation education (r) 0.75 was significant.
This shows Kebeles which are exposed to the Workagara
walter supply and sanitation projeet have more cxposure (o
gcl sanitation lessons and owns latrines than others does.
In general. the sanitation system in (he study arca falls in
(o two categorics thosc arc “Do Nothing™ and “Drop and
Store”™ Approach.
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‘ pstrac . . o , 7
i pssmeit and mapping of vulnerability to climate change is the first task _for identifving vulnerability hotspots and then

o the development of site specific adapiation opiions. The present study was concucted in 1] selected districls
7)( i, Ljeres Walnara, Berehana alel, Akaki, Davo, Ilu, Becho, Tole, Kersana Kondaliti and Alemgena) in Upper
Drash river hasin with the objective of assessing vulnerability to climate change, and producing vulnerability map that
] ‘“/U,,“/\ vulnerability hotspots. Vulnerabilitv to climare change was analvzed using integrated v ulnerabilitv assessinent |
; aproach wsing proxy indicators of biophysical and the socioeconomic factors. In this studv, 17 biophysical and socioeco- i

e

| al !
2 2, > ’ 21U ) ~ /. 1

i Homic indicators were used to reflect the three vulinerability components: Exposure, Sensitivity and Adaptive capacilty. |
judicalors i exposure components of vulnerability, firequency of drought was analvzed from gauged rainfall data of more :

g 30 years using Stanclard Precipitation Index (SPI) while the future climate projection, ensemble of four GCMs
(CGCMS T IDGINL MRS and ECHANMS) data under A 1B emission scenario was used to analvze the change in tempera- i
e and rainfall in 2030s from base period. The values of all indicators were normalized by considering fmclimml rela- i
sionship benween the indicators and vulnerability, and expert judgment vwas also used 1o assign weights 1o all indicators.
Using GIS environment, the aggregated vulnerabilin index map ywas produced using the weighted sum of all indicators in
the three sub-indices map of Exposure, Sensitivity and Adaptive capacitv. The preliminary vulnerabifity sub-indices result |
revealed that Denddi, Davvo and Welmera districts are highlv exposed to the risk of drought and fiture change in tempera- i
e and rainfall. While, Dendi and Dawo are highlv sensitive to the adverse impacts of climate change due to high human 1 I
{ environmental interaction caused by the combined effects of large agriculural tund owned by smaltholder farmers, high :
! dependency on agricultiral activities and topographically stope area. Davo and Tole districts have a higher adaptive ' ,
capacity that averts the negative consequence of climate change. This is mainly due to the combined effect of high level of i
literacy, crop productivity, farm asset, and use of credit services. The overall vilnerability index map which is a compos-
| ite of the three sub-indices maps revealed that Dawo districts is relatively highlv vulnerable 1o the impact of climate '
| change while Alen gena and Kersana kondaltiti are less vulnerable.
| level of vulnerability to the impact of climate change. The vulnerability mapping is an important 1ool that helps to take i
! effective response actions o the adverse impacts of climate change through identification of vulnerabilitv hotspots. In line
with this, the knowledge of vulnerability to climate change can assist decision makers in recommending adaptation meas-

The rest of districts are under relatively mediwin il

i

{ - . . . g = - N o o imi N - - g i A
i ures and prioritizing resource a//()cnll(m. /m‘ xpecqﬁc areas as well as detei ning lnvc.\nuemsfor mfnpmmm measures (o ; Il
| . ; S | I
‘; Juwre impacts of climate change. | [
| i

{ '$ ~7. " ofe o 2T T » e, ; ‘ ‘
‘ Key words: Climate change, agriculture, vulnerabililv, exposure, sensitivity, adaptive capacity g
? |
i

j L Introduction

Climate change has been one of the current issucs that
Guse severe impact on agricultural sectors: It has the po-
fential 10 hold back cconomic progress. or reverse (he
Rins made in Ethiopia’s development and could exacer-
bate sociql and cconomic problems (CRGE. 2011). Be-
f:rlilss l(l)f“i“ have multidimensional effect on humanity in
lure hlm]SC\CMI socioeconomic plzlramelcrs like agricul-
- iman health. sea level rise. disease prevalence etc.

Watep 3 ()

..

Agriculture plays a great role in the livelihood of rural
communities in many African countries. In Ethiopia. agri-
culture is the dominant sector in national cconomy. How-
ever. it is highly vulnerable to the impact ol'. climate
change which is manifested by recurrent drought and vari-
able rainfall. According to the Intergovernmental Pancl on
Climate Change (IPCC). (2007). (he worming of the cli-
mate system is unequivocal. and climate change incre
the likelihood of extreme weather events such as drouglhts,
floods, sca level rise and heat waves as well as more grad-
ual changes in temperature and rainfall.

ases
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The predicted changes in temperatures and rainfall pi?l'
tems. as well as (heir associated impacts on water avail-
ability. pests and discase occurrence arc all likely 10 ;)ﬂ‘c?l
substantially the potential of agricultural production. This
makes particularly small scale farmers vulnerablc (o lh‘C
adverse impacts of climate change. Rural poor communt-
ties which are vulnerable (o (he adverse impact of climate
change have only limited capacity (o protect themselves
from environmental hazards. in particular from extreme
events such as drought and flood. They also bear the brunt
of the consequences of large-scale environmental change.
such as land degradation. biodiversity loss. and climate
change. According (o Temesgen et al.. (2008). (he impact
of climate change is substantially affccting on poor people
in rural arcas where livelihoods of the majority depend
directly on natural resources in general and agriculture in
Particular. This implies that climate change could have a
significant adverse impact on agricultural production.
which would have important implications for the wellbe-
ing of small scale farmers unless proper adaptation options
arc implemented.

Assessment of (he vulnerability to climate change is the
base for (he development of site specific adaptation op-
tions that reduce the risks associated with climate change.
According to Houghton ef al.. (2001) and McCarthy cf al..
(2001). vulnerability to climate change is defined as (he
degree to which a system is susceptible (o. or unable 1o
cope with the adverse effects of climate change. including
climate variability and extrenmes. Vulnerability has differ-
ent meaning in different disciplines. Liverman (1990)
noted that vulnerability has been equated to concepts such
as resilience. risk. marginality. adaptability. and exposure.
This diversity of conceptualization is duc 1o (he lact that
the term vulnerability has been used in differcn policy
contexts. referring to different svstems exposed (o differ-
ent hazards. -

Vulnerability is a function of the character. magnitude.
and rate of climate variation (o which a svstem is exposed.
its sensitivity. and i(s adaptive capacity (McCarthy ¢f al.
2001). Luers et al. (2003) proposed a method for quantify-
ing vulnerability based on its (hree componcents: exposure,
sensitivity. and adaptive capacity. Exposure can be iner-
preted as the dircet danger. and the nature and exten( of
changes (o'a region’s climaic variables (c g . lemperature,
precipitation. ‘extreme weather events): Sensitivity de-
scribes (he human-environmental condilions -

that ¢an
worsen the hazard.

ameliorate the hazard. or (rigger an
impact. and Adaptive capacity represents (le
implement adaplation measures that- help
impacts. In order to develop site specific

potential 1o
AVeft polentiy]
adaptation op-

water 3 (1)

tions. identification of vulnerable hospo, Cling
change is the first task to bf: done. The ]C"'Cl of\'ulllcrabilQ
itv of different arcas (0 Clln_mlc change is delcrminc(i
bbl]l sociocconomic and environmental laclors. The SO%.\
cconomic factors include ll}c lc.\-cl. of lcc.hnologicul dc\-el.
opment. infrastructurc and institutional lm.kagc (Kelly &
Adger 2000 Mchll'lh."_ el f”' 200?). while (e CNYirgy,.
mental attributes arc climatic clon'clm_ons. Quality op &
and availability ol water for llﬁgnlloh (O'Brien el al.
2004). The variations of these socu?cconomic and Cn"imu:
mental factors across different social groups are respopg;.
ble for the differences in their levels of mlncrabi]i“- )
climate change. Besides. the degree to whigy C’ill‘lalic
risks affect an agricultural systcm and make i ‘“l“erablc
depends on a wide varicty of factors. including (e (ypes
of crops or livestock produced. the sc_nlc of the fary, 0p-
crations. the quality of the natural resource base, and hy.
man resources. In general the poor rural people wiyg do
nol have access (o different livelihood options. nfrasinc.
ture. and institutional setups arc known (o be | mos|
vulnerable. The degree of vulnerability is mediageq by
availability ol different technologies. human and finypein
capital and management capabilitics.

Approaches to vulnerability assessment attempt (o explore
questions about who and what are vulnerable, (o yhy
extent are they vulnerable. their degree of Vulnerability.
the causcs of their vulnerability. and what ICSPonses can
lessen their vulnerability (Downing et al. 2001). Despite
many challenges that cxist in quantifving vulnerability.
several quantitative and semi-quantitative  metrics have
been proposed and applied. Amongst them. the indicator
approach is the onc widely applied to quantify vulnerabil-
ity bascd on sclecting biophysical and socioeconomic in-
dicators and then systematically combining (he selected
indicators 1o indicate the levels of vulnerability (Cutter. ¢l
al.. 2003). The indicator approach is the most common
method adopted for quantifving vulnerability in the global
change community. Hebb and Mortsch (2007) also ex-
pressed that indicator approach is used (o develop a betier
understanding of (he sociocconomic and biophysical fac-
tors contributing (o vulnerability,

Vulnerability Map arc nceded for practical decision
making processes. such as (o provide policy makers Wil
APPropriate information aboy where (he most vulnerable
arcas are located. In linc of (his. the present study W
cartied out with (he objective of identifving different fevel
Or“:“lncr“bilil_\' lo climate change and producing vuIne”
ability map that helps (o determine site specilic adaptation

: L
OBlions (0 the eyrreny and future impacts of clim
change, ]

ancial

(18
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ylaterials and Methods
. pescription of the study sites
2.1 v Was conducted in cleven seleeieq distric
A gl"t; watershed  (Fig. 1) which s found
¢ River Basin. The districts are Dengj. Eje
Dawo. lu. Becho. Tole. Kers
Berchana Aleltu and Akaki.

site
Study si Ethiopian River Basin

IS in de-
. i .
fincal 1 Upper
_,\\\Ll.ih ;
Walmard- ana Kondalti;,

\lemgeni:

Legend
Sauge stanons.

Figure I: Location map of the study arca

Table 1= List of identified indicators and

their relationship with vulnerability by vulner

2._2. Data collection
Biophysical and socig

_ _ cconomic data used for y ulnerability
analysis were coll

o ccted for study sites. Afier defining the
ophvsic: . i L
Physical ang Sociocconomic vulnerability indicators

(Table 1), Primary data such as [requency of drought and
change in rainfall ang lemperature was generated through
una'l_\'sis while. (he sccondany data was collected from
Various sources: National Melcorology Agency (NMA).
Central Statistical Agency (CSA). CCAFS GCM data por-
tal and International  Food Policy Rescarch Institute
(IFPRI). Vulnerability is understood
components: exposure. sensitivity and adaptive capacity.
which are influenced by a range of biophysical and socio-
cconomic factors (TERIL. 2003). Thus. in this study. 17
biophysical and socioeconomic indicators were identificd
and used 1o reflect the (hree vulnerability components:
Exposure. Sensitivity and Adaplive capacity (Table 1),

as a Tunction of three

fability components

r e ili P - 2 . . = - - .
Vulnerability Indicators Description of indicators Relationship
components e e

vulnerability to
climate change

Exposure Extremes Climate cvents IFrequency of drought Increcasing

Changce in climate variables Change in Maximum and Minimum Increasing
from the basc ycar temperature; Change in Rainfall

Sensitivity Rural population density Total population per Km? Increasing

Dependency ratio Percentage of unemployment Increasing

Proportion of HHouschold fully Agricultural houschold heads Increasing

cngaged in Agriculture

Crop diversification index Percentage of arca under a major Decreasing
crops

Access to water sourcces Percentage of population to Decreasing
proximity to water source

o derce . S arcsz creasi

lopography Percentage of sloppy arca Increasing

Adaptive Literacy ratce Proportion of agricultural population Decreasing

Capacity aged 15 years and older who can

rcad and writc
IFarm organization Percentage of farmers utilizing Decreasing
advisary services
A to credit Percentage of farmers utilizing credit Dcecreasing
ccess > )
service
Crop production per unit arca Amount ofYicld per hectarces I)ucrcasing
Lana 2 under smallholder Percentage of total land arca Increcasing
.and arce ] g
farmers - :
A - kot All weather road density I)ccrcasmg
ccess to marke
Total value of farm assct Decreasing
FFarm assct

Mler3 ()
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2.3. Data analysis

7 il 3 : sl
V ulncmbl]ll_\ to climate change was anmalyzed using inte
grated \'ulncrnbilily asscessment approach using proxy in-
dicators of biophysical and the sociocconomic factors that

reflect the (hree vulnerability components: Exposure. Sen-
SILVItY and Adaptive capacity.

The sociocconomic

and biophysical indicators mentioned
int

able I were used (o measures the level of vulnerability
by Computing sub-indices of exposure. sensitivity and
icity and come up with an aggregate vulner-
ability index. In order (o stand

adapltive cap:

ardize. and ensure that the

value of all the indicators arc comparable (Vincent 2004)
normalization w

by considering
tors and vulner;

as computed using the formula (Equ. 1&2)
functional relationship between the indica-
1bility (o climate change.

I the indicator is hy

pothesized 1o increase vulnerability.
then .

Whereas. if the indicator is hypothesized 1o decrease vul-
nerability. then

el = 2¢

Where. VI= ulnerability index: AcV=actual value:
MinV= minimum valuc: MaxV=maximum valye

Alter normalizing. expert Judgment (Brooks ct al. 2003
Moss ct al. 2001) was used 1o assign weights (o all indica-
tors in order (0 ensure (hat large variation in any one of (he
indicators would not largely dominate the contribution of
the rest of the indicators.

Exposurc  components of volnerability. [requency of
drought and change in rainfall and lemperatures were ang-
Ivzed wsing Standard Precipitation Index (SPI) and GCMs
outputs. respectively. Mckee et al. (1993) noled that SPJ is
the most widely used index for quantifving the lrequency
of drought events. Thus. the frequency of drought cveny
was calculated using SPI index using the following cqua-
tion:

§pl = ——— (3)

<

Where. X;= is the scasonal precipilation ang. Xin 1S ils

long-term scasonal mean and o is its standard deviation,

water 3 (1)

|
i

SPI was calculated using scasonal rainfy]| daty

stations found in and around the study Sites whig, fom lh
and more vears of rainfall data. Ay
weight (IDW) interpolation technique v,
late the value of rainfall data of the argy Where |, :lcrl)n.
logical stations arc nol found. In (his study, (o . COrg,
of drought having SPI value less (han - 5 e l:lsllcnq
indicate drought events in the study sifes, o

inverg ey
y . 18ty
as uscd lo l Co

The future climate projection. enscmble of four oy

(CGCM3. HADGEM. MK3 and ECHAMS) dais u“dh
A 1B cmission sccnario was used (o analyze (he Chingg tr
temperature and rainfall in 2050s from byge pCriod‘c Fl'n
nally. the climate change vulnerability indey mayy \\‘1:
produced using the weighted sum of gJ| l'ndicalors i “‘m
three sub-indices: Exposure, Sensitivity ang Adapliye o
pacity in GIS environment. On the basis ol indey. disti
were classified into high. medium and low leyg| ol vulpey.
ability to climate change.  Medium level of \'lllncmbjm\.
was defined as an index within one standard deviation gy
of the wholc districts index mean, While High ang P
level were greater than and less (han | standard deyia iy
unit above or below the whole districts index mean, re.
spectively.

3. Results and Discussions

3.1. Analysis of vulnerability using vulnerability
components

3.L.1. Exposure index

The future climate projection. enscmblel of four GCMs
(CGCM3. HADGEM. MK3 and ECHAMS3) data under
AlIB emission scenario revealed (hat there would be a
change in rainfall ang mean femperature by 2030, The
spatial trends in Fig 2 shows (ha change in scasonal rain-
fall ranges from -3- 3 7 percent while average scasonil
mean emperature from |2 — 3.3°C. This result was vsed
as-a proxy indicator for measure of cxposure {o fure
climate change in vulnerability analysis.

The exposure indoy is related (o (he frequency of climat
hazards. Tl preliminary result indicated that DC“.‘“'
Dawo and Welmery clislri'cls arc highly exposed to lh? nsl;
ol drought and fuure change in temperature and ﬂ”"m_l
(Fig. 3). while 11y and Keresana kondoltiti districts MY
relatively less exposure, The remaining districts ar¢ mOd(;
crately exposed. Iy view of (he result. the current &

. ) hange
Tuture ExXposure (o adverse impacts of climate Cd [
helps indicae iy

the likely occurrence of climate rel
ard

and their impacts in wide economic scelors.
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Figure 2: Projected Change in Rainfall and Mcan Temperature

3.1.2. Sensitivity Index

Results from the sensitivity analyses revealed that Dendi
and Dawo districts were relatively highly sensitive to (he
adverse impacts ol climate change duc to high human en-
vironmental interactions (Fig.+4) caused by combined cf-
fccts of large agricultural land owned by smallholder
farmers. high dependency on agricultural activities and

topographically slope arca. The least sensitive districts arc
llu and Alem gena districts. From (he result. the overall
scnsitivily index holds higher \\cig,hi on livelihood scnsi-
tivity except for crop diversification and accessibility 1o
waler source as the result of which the impacl of climate
change on the livelihood of the farmers is expected (o be
IOrc SCVere.

r " Berehna Aleltu

T Ejere Walmara ™

g

lu Alem Gena

Akaki

Kersana Kondallil Level ol Exposure

Water & ( | )

Figure 3: Vulncrability sub-indices map:
Exposure index
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3.1.3. Adaptive capacity Index services. Ejere, Alem gena and Kersana Kondaltitj g,
The analyses of adaptive capacity sub-indices shows tricts have relatively lower adaptive capacity, while the
that majority of the districts have medium level of yest of the districts showing medium leve| adaptive
adaptive capacity that could avert the negative conse- capacity. The result implies that both socioeconomic
quence of climate change. Dawo and Tole districts have  and infrastructural asset distribution makes the major-
relatively higher adaptive capacity (fig.5). This is ity of the area to build capacity to respond to the clj.
mainly due to the combined effect of high level of liter-  mate risks.

acy, crop productivity, farm asset, and use of credit

N

@0 .

’ ’\i/

\ \

ot
\f‘\,]
~ 1

&

Berehna Aleltu

: : Ejere  Walmara
Dendi

A
R llu
/i \Dawe Alem Gena Rt
Becho
Tole
T - Kersana Kondaltiti

Level of Adaptive Capacity

High

'
Hedarm

930

Figure 5. Vulnerability sub-indices map: Adaptive capacin index
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4. Conclusions

Asscssment of vulnerability (o climate change using proxy
mdicator based integrated valnerability assessment ap-
proaches are parmmount importance in order indentify
hotspots of integrated biophysical and sociocconomic vul-
nerability for further climate chimnge impact study and
adaptation planning,

The valnerability mapping is an important toal that helps
otake effcctive response actions (o the adverse impacts of
dimate change hrough adentification of vulnerable hot-
Pots. This also hielps 10 pencrate baseline information that
helps 1o conduct further impact study in real fime situation
ad e future for penerating, different adaptation options
Withiy relatively larpe peopraphical area,

The knowledpe of yulnerability (o climate change can
wsist decision makers i recommending the existing adap-

“lon measures and prioritizing resource allocation for

Waler (1

wener at ea

specific areas as well g determining, investments for adap-
(ation 1o future impacts of climate change. Besides, the
need for further site specific impact and adaptation studies
should be made based on such identification of risk levels
ol specilic locations,
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| r,\b_s'tl‘ﬂct A o
1 The world Is now facing o new erg of climate

change und the im
/)(u'!.‘cm’ur[r in the developing

_ . pacts of climate change are already being felt every-
| - countries and smalf istands The locat knowledge
gnd techniques adopted by local people remain the dominant form of coping )
| Lessons from the past show that thousandy of traditional farmers i, many ru
| hanging environments by (lm'cluping diverse '

and rey
‘ onstraints faced over time. Many of these
! con _ Y @

systems and agricultural practices
mechanisms/responses to climate change.
rural areas have evolved and adapted to ever-
ems in response 1o different opportunities and
ms around the world serve as models of sustainability that
Ip millions of rural people 1o reduce their vitlnerabilitv (o the impact of ‘
: : " goods and services. Some of these adaptation siraregics include: use of locally ¢
adapted varteties'species exhibiting more appropriate thermal time

pesistance 1o heat shock and drought; enhancing

ifient Sarming sy
agricultural sygye
ofer examples of adaptation measures thay can he

dlimate change and (o maintain ecosvsyc

and vernalization requirements and/or with increased
ent of soils through compost, Qreen Banures. cover crops,
wider use of local knowledge and practical means 1o “harvest” water and

nlion anel mulching), and more
water 1o preventwaier logging, erosion, and nurrie

gies (intercropping, agro forestry, crop-y

paising: preventing pest, disease, and we

organic cont
elc.. thus increasing warer holding capacity;
| conserve soil moisture (e.g., crop residue reqe ffective use of irrigution water, managing
ntleaching where rainfull increases: use of crop diversification strare-
equencing, ete.) an integration with vther farming activities such as livestock
ed infestations vig managenent practices that enhance biological and other natu-
onisms, allelopathy, ete.), and de
pests and discases; and using :'/imu.'cﬁm.'('a.s‘fmg 1o reduce

ral regulation mechanisms (untag velopment and use of varieties and species resistani (o |
production risk.

Introduction already being experienced by many communities in coun-

trics of the Southern hemisphere. There will also be an
THE threat of global climate change has caused concern
among scientists as crop growth could be severely afTected
by changes in key climatic variables (i.e., rainfall and tem-

increase in droughts and heavy precipitation events, which
will further damage crops through crop failure, flooding,
soil erosion (including wind crosion). An increase in in-

&

perature) -and agricultural production and food security
could be affected both globally and locally. Although the
effects of changes in climate on crop yields are likely to
vary greatly from region to region, anticipated changes are
expected to have large and far-reaching effects predomi-
nantly in tropical zones of the developing world with pre-
cipitation regimes ranging from semiarid to humid (Cline
2007). Hazards include increased flooding in low-lying
areas, greater frequency and severity of droughts in semi-
arid arcas, and excessive heat conditions. all of which can
limit crop growth and yields. The Intergovernmental Panel
on Climate Change (IPCC) in its fourth Assessment report
(IPCC 2007) warns that warming by 2100 will be worse
than previously expected, with a probable temperature rise
OFL8C 10 4°C and a possible rise of up 10 6.4°C. As tem-
Peratures continue o rise, the impacts on agriculture will
be significant (Doering et al. 2002). These impacts are

Water 3 (N

tense tropical cyclone activities will cause crop dawage in
coastal ecosystems. while sea level rise will reduce crop-
ping areas and will salinize coastal aquifers. Pacific is-
lands and large dehas are already being affected by these
phenomena. The adverse effects of climate change will be
felt most acutely by populations particularly in developing
countries who have contributed least to ¢limate change but
who are already in vulnerable sitvations. owing to factors
such as geography, pdverty. gender, age, indigenous or
minority status and disability.

¢ gradual changes like melting of snow and ice, thaw-
ing of frozen ground, and shrinking of sea ice;
sea-level rise and higher water temperatures;
increased frequency of hot extremes and heat waves;

¢ increases in heavy precipitation events and droughts.




¢ Increased intensity of sudden impacts in the form of
weather-related disasters such as tropical cyclones,
hurricanes, and floods:

°

Increases in heavy precipitation events and droughts.

Undoubtedly. the livelihoods of thousands of smallholder/
traditional family farming communitics and indigenous
peoples in the developing world will be severely impacted
by climatic changes. It is therelore critical that implica-
tions of climate change for foed security arc explored and
understood not only at global and national levels but also
at local level. It is also imperative to have a better under-
standing on how 10 sustain and combine indigenous agri-
cultural knowledge systems and scientific knowledge. and
how to translate this into decision- making processes that
provide the necessary support 1o the local peoples. Les-
sons from the past show that thousands of traditional
farmers in many rural areas have cvolved and adapted to
ever-changing environments by developing diverse and
resilient farming systems in response 1o different opportu-
nities and constraints faced over time. Many of these agri-

cultural systems around the world serve as models of sus-
tainability.

Over the past 50 years, humans have changed ecosystems
more rapidly and extensively than in any comparable pe-
riod of time in human history. Between 1960 and 2005.
the demand for ecosystem services grew significantly as
the world population doubled to over 6 billion people and
the global economy increased more than six fold. To meet
these growing demands, (ood production increased by
roughly two-and-a-half times, water use doubled, wood
harvests for pulp and paper production tripled. and timber
production increased by more than half (Stockholm Envi-
ronment Institute 2007).

Agriculture is an essential component of societal well-
being and it occupics 40 percent of the land surface, con-
sumes 70 percent of global water resources and exploits
biodiversity at genetic, species and ecosyslem levels. Al
every point of production. agriculture influences and is
influenced by ecosystems, biodiversity, climate and the
economy. Destabilization of long-established production
systems via stresses such as waler shortages, salinity, arid-
ity and heat has increased. in the light of a growing de-

mand for food which poses serious challenges to human-
kind. Furthermore. the expected increase of bio-fucl
monoculture production may lead to increased rates of
biodiversity loss and genetic crosjon. A key challenge will

be how to safeguard biodiversity for food and agriculture

water 3 (1)

ions as well as maintain 4 be
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ool which ensures ccosystem resilience.
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Impacts of Climate Change on Smallhofq,

; i
Fuarming Communitic
andless and urban poor, smal| b

AR > """7!'

Apart from the | et
among the most disadvantaged anc! vulnerable grou‘:fl
the developing world. The share o surveyeq smallhold"
houscholds falling below the poverty line i close ;F
percent in most continents. Mgsl climate change mod‘;
predict that damage will be .d|spmporlionalcly bo!‘ncebs
small farmers, particularly rain-fed agriculturaligyg in lh:
Third World. ¢
In some Alrican countries. yields from rain_feq agricy
jure — the predominant form ol agriculture in Al‘rica:
could be reduced by 50 percent by 2020, Additiona”y
agricultural pmduclinn in many African countries g FTO:
jected to be severely compromised especially in dry fangs
About 70 percent oft Africans depend directly op dry ﬂnci

sub-humid lands for their daily livelihoods.

Jones and Thornton (2003) predict an overall reduc(joy of
10 percent in maize production in the year 2055 in A
and Latin America. cquivalent 1o losses of $2 billion per
year. alfecting principally 40 million poor livestock keep-
ers in mixed systems of Latin America and 130 million i
those of sub-Saharan Alrica. These yield losses will intey.
sify as temperatures increase and rainfall differences are
less conducive to maize production. It s obvious that oli-
mate-related environmental stresses are likely to affect
individual houscholds differently compared to more mar-
ket-oriented farmers. Some researchers predict that as cl-
mate change reduces crop yields. the effects on the well-
[are of subsistence farming tfamilies may be quite severe.
especially il the subsistence component of productivity is
reduced. Changes in quality and quantity of production
may affeet the labor productivity of the farmer and ncga-
tively influence his/ her family health (Rosenzweig and
Hillel 1998),

Models on plant diseases indicate that climate changt
could alter stages and rates of development of certain
pathogens, modify host resistance, and result in changes i
the physiology of host-pathogen interactions. The mos
likely consequences are shifts in the geographical distribu-
tion of host and pathogen and increased crop [osses:

caused in part by changes in the efficacy of control sUae
gies. ,
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ercd wind patterns may change the spread of bacteriy
L J fungi that are the agents of windbarne plant discascs,
; jimited literature in this area sugeests that the most
fikely [y impacl of climate change will be felt in three arcas:

. Josses [rom plant diseasces. in the efficacy of discase
in 10>

management strategies and in the geographical distribu-
tion of plant discases. Climate change could have positive.
negative or no impact on individual plant diseascs. but
with increased temperatures and humidity many patho-
gens are predicted 1o increase in severity.

Rox |. Possible impacts of climate change on agriculture. forestry and ecosysiems

Alfected Potential Tmpacts Region

Africa

tion.

By 2025, approximately 480 million people in Africa could be living in water-
searee or waler stressed areas, By 2020, in some countries, yields from rain-fed
agriculture could be reduced by up 1o 50 percent. Agricultural production, includ-
ing access 10 food., in many Alrican countries is projected to be severely compro-

mised. This would further adverscly affeet food security and exacerbate malnutri-

3

Asla

By the 2050s. freshwater availability in Central, South. East. and Southeast

Asia. particularly in Larue river basins. is projected 1o decreasc.

Lalin America

By mid-century increases in temperature and associated decreases in soil water
are projected to lead to a gradual replacement of tropical forest by savannah in
castern Amazonia. Semiarid vegetation will tend to be replaced by arid-land vege-
tation. Productivity of some important crops is projected to decrease and livestock
productivity to decline, with adverse consequences for food security. In temperate
zones, soybean yields are projected to increase. Overall, the number of people al

risk of hunger is projected to increasc.

Source: FAQO (2008),

The possible increases in pest and disease infestations may
bring about greater use of chemical pesticides to control
them, a situation that may enhance production costs and
also increase environmental problems  associated  with
aerochemical use. Of course. this may not be the case with
farmers who use poly-cultures, agro lorestry or other
forms of diversified cropping systems that prevent inscct

pest buildup cither because one crop may be planted as a
' diversionary host. protecting other, more susceptible or
more cconomically valuable crops from serious damage.
or because crops grown simultancously enhance the abun-
dance of predators and parasites which provide biological
suppression of pest densities (Altieri and Nicholls 2004).

Theye agro ccosysiems that are of global importance 10
Jood and agricultire are hased on cultivation of a diver-
SUY of crops and varieties in time aid space that have
allowed traditional Jarmers (o averl risks and nraximize
harvegy security in uncertain and marginal environments,

under low levely of technology and with limited environ-

Waler3(|)

based on information from [PCC (2007)

mental impact. Such biodiversity farms are endomyed with

nutrient-enriching plants, insect predators, pollinators.
nitrogen-fixing and nivrogen-decomposing bacteria. and a
variety of other organisms that perform various beneficial

ecological [unctions.

By properly assembling a functional biodiversity (that is, a
collection of organisms that play key functions in the
farm). it is possible to promote synergy which enhances
farm processes such as the activation of soil biology, the
recycling of nutrients. the enhancement of biological pest
suppression. etc.. all important in determining the per-
formance of agro ecosystems.

Recent abservations. studies and research suggest that
many farmers copc and even prepare for climate change,
minimizing crop failure through increased use of drought-
tolerant local varictics. water harvesting, extensive plant-
ing, mixed cropping, agro forestry, opportunistic weeding
wild plant gathering and a series of other traditional farm-
ing system techniques.
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These points lead to the need 1o re-evaluate mdlg‘f”(?“i
technology as a key source of information on ada[_ﬂl\_/li
capacity centered on the selective, cxperimental and ‘IES:‘
ient capabilities of farmers in dealing with climate chd'n‘:,h-
Observations of agricultural performance after e,\-ueme.
climatic events in the last two décades have revealed that
resiliency 1o climate disasters is closely linked to levels of
farm biodiversity.

A survey conducted in hillsides after Hurricane Milch_ in
Central America showed that farmers using diversification
practices such as cover crops, intercropping and agro for-
estry less damage than conventional
neighbours using monocultures. The survey,
by the Campesino a Campesino movement, mobilized 100
farmer-technician teams and 1,743 farmers to carry out

suflered ther

spearheaded

paired observations of specific agro ccological indicators
on 1.804 neighboring sustainable and conventional farms.
The study spanned 360 communities and 24 departiments
in Nicaragua, Honduras and Guatemala. It was found that
sustainable plots had 20 to 40 percent more topsoil.
greater soil moisture and less erosion and experienced
lower economic losses than their conventional neighbours
(Holt- Gimenez 2001).

The 1991/92 drought had a crippling effect over much of
Southern Africa. with many countries in the region having
seasonal deficits of up to 80 percent of normal rainfall.

There were unprecedented crop failures. The region. usu-
ally a food exporter. had to import 11.6 million tons of
food worth over US$4 billion. Regional grain production
fell some 60 percent short of expected levels. The drought
led 10 widespread hunger and malnutrition with loss of
cattle and crops. Farmers® responses to the effects of the
drought were varied. In Zimbabwe. farmers. especially
women in Nyanga. Chipinge, Mudzi, Chivi and Gwanda
districts, undertook many actions to mitigate drought and
these resulted in at least some level of food security. The
following are some of the measures employed:

= Permaculture: Helps farmers prepare for droueht
through land use designs that enhance crop diversity
and water conservation.

Water hurvesting: Farimers harvest water from roof-
tops and divert water from natural springs into tanks.
This ensures that they have a substantial amount of
water stored up. In case of a drought, the stored water
will be able to sustain them for about {jve

A months
depending on the volume of the tank.

The water s

water 3 (1)

L sentary irrigation o i
also used for gupplemeniany. s f"e‘:!ﬂables
ol .

and crops-

Infiltration piis: Some farmers dig infiltratio, Pitg
Wi ' ~ollects in the pits dur:
contours. Water colie PIS during

along ' 5
‘ when the weather becomes dry, g .

period.

ainy . e e .
LEI 2 short pm-md of rains. the water iqf

ety OF hra( ;
the casc © L T S
lmdw_‘rnuml and is uscd by l.hu plants, Crops a
. maturity by using this conserved m“is‘ure

orow up 10 e 6
% xperience shows that even if there gy o

Farmers ¢ in the whole rai

P o in th N "any ¢
five days with rain . ' ¥ season, fhe
crops will reach maturity using conserved ang .
vested water in the pits.

.y Granaries: Most farmers store Tood to be used iy case
ol a drought. They have a specilic granary Stockeg
with erain (sorghum. millets. and maize for a shope
period of time). especially those resistant (o S
harvest pests.

Droughi-toferant ¢rops. Many farmers prefer the ys;
of wraditional grains such as millets and sorghums

are more drought-resistant than maize and therefore

I

aive a good yield even with very little rain. Farmers
;lso prefer specific crop varieties for drought seasons,
such as an indigenous finger millet variety (chivaufe),
a cucurbit (Nyamunhororo), as it ripens fast, and an
carly maturing cowpea (Vigna wnguiculata) variety,

These examples are of great signilicance as they point the
way for resource-poor farmers living in marginal environ-
ments. providing the basis for adaptive natural resource
management strategies that privilege the diversification of
cropping systems which lead to greater stability and eco-

logical resilicncy under climatic extremes.

Coping Mechanisms and Strategies to Enhance Resil-
iency to Climatic Variability

In many arcas of the world peasants have often developed
farming systems adapted to the local conditions. enabling
farmers 1o generate sustained viclds 1o meet their subsis-
tence needs, despite marginal land endowments, climatic
variability and low use of external inputs (Wilken 1987:
D.eneva“ 1995). Part of this performance is linked 10 the
high levels of agro biodiversity exhibited by raditiond)
agro ccosystems. which in turn positively influence a2ld
(:‘.COS)‘-’SIEH’I function (Vandermeer (ed.) 2002). Diversific”
ton is therelore an Important [arm strategy lor anaging

roduction risk L
production risk in smaly farming systems.
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jans S 2 tradiy i

_ «| by smallholder traditianaliind: ;
Jrategics used by sme aditionaliindigenous fam-

il farming communities 1o enhance resiliency againsy
oI < ) i . ! y
I'im'uic variability are:

chmd

Multiple eropping or poly-culture SYSle

ploying multiple cropping or poly-¢

A) ms

[y em ulture gy stems,

“miilit‘”“' farmers can adapt to logal conditions, and sys.

Dly manage harsh environments and meet their sub-

mechanization,

e
l\.li‘;cncc needs  without \|L‘|k‘m|i||~:v on
chemical fertilizers. pesticides or other technologies of
modern agricultural seience. Indigenous farmers tend 19
combine various production SVstems as part of tpical
pouschold resource managemeny scheme. Natarajan and
willey (1986) examined the eftect of drought on enhanced
yields with poly-cultures by manipulating water stress on
'inlcrcmps ot sorehum (Sorghum bicolor) and peanut
(Arachis spp. ). millet (Panicunr spp.) and peanut. and sor-
ehum and millet. All the intercrops over vielded consis-
ety at five fevels of moisture availability, ranging from
20710 384 mm ol water applicd over the cropping scason,
Quite interestingly. the rate of over vielding actually in-
creased with water stress. such that the relative diflerences
in productivity: between monocultures and poly-cultures
became more accentuated as stress increased. These tvpes
of ecological studies suggest that more diverse plant com-
munities are more resistant to disturbance and more resil-
fent to- environmental perturbations (Vandermeer (ed.)

2002).

B) Agro forestry systems a nd mulching

Mzmy farmers erow crops in agro forestry designs and
shade tree cover 1o protect crop plants against extremes in
the microclimate and soil moisture Muctuation. Farmers
Muence the microclimate by retaining and planting trees,
Which redyce temperature. wind velocity. evaporation de
dircet exposure 10 sunlight and intercept hail and rain. Lin
(2007) found that in coffee agro ecosystems in Chiapas.
Mexico, temperature. humidity and solar radiation fluctua-
tions increased significantly as shade cover decreased:
thus, jy was L't)l\dl]kl\.‘d that shade cover was direcl|‘_\ re-
Bied 1o 1he mitigation of variability in the microclimate
M soil moisture for the coffee crop. Clearly. the presence
Ol trees agro forestry designs stands out as a I.x‘t‘_\’ strat-
e8y for Mitigation ot'-microclinm[e variability in small-
h()ldcr ﬁ"ﬂﬂng systems,
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Iurvm in the form of tra
MAjor staple crops.
sily
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ing ;

ame time and in the
ars of the same crop. In a
ersity on farm in-
’ found that consider-
FSILY continues 1o be maintained on
ditional crop varictics. especially of
In most cases. farmers maintain diver-

s insurance avains i
<> Isurance against future eny trronmental change or 1o

et social and economic needs. M
col 2 ari i
icluded hat variety richness enhances productivity and

reduces yield variability. but as Di Falco et al. (2007)

found in (heir study of wheat genetie diversity in the hish-
lands of Ethiopia.

me
any researchers have

the richness must reach a certain thresh-
old level, as apparently reduced yield variability only oc-
curs athigh levels of genetic diversity.

The cxistence of gencetic diversity has special signilicance
for the maintenance and enhancement of productivity of
small farming systems, as diversity also provides security
to farmers against diseases. especially pathogens that may
be enhanced by climate change. By mixing crop varictics.
farmers can delay the onset of diseases by reducing the
spread of discase-carrying spores. and by modifyving envi-
ronmental conditions so that they are less favorable to the
spread ol certain pathogens. This aspect was well demon-
strated by rescarchers working with farmers in 10 Lown-
ships in Yunnan. China. covering an area of 5.350 hec-
tares. The farmers were encouraged to switch from rice
monocultures to planting variety mixwres of local rice
with hybrids. The enhanced genetic diversily reduced blast
incidence by 94 percent and increased total yields by 89
percent. After two years, it was concluded that fungicides
were no longer required (Zhu et al. 2000).

Conclusion

The local knowledee systems and agricultural practices
and techniques adopted by local people remain the domi-
pant form of coping mechanisms/responses to climate
change. Many of these agricultural systems around the
\\"01'!:1 serve as models of sustainability that offer examples
of adaptation measures that can help millions of ['thl"d|4 peo-
ple 1o reduce their vulnerability to the impact of climate

chanee and to maintain ecosystem goods and services.
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Abstract

Agricutiure is the backbone of Gojjam, Ethiopiq economy
This study analyses the components of regional clj
(ENSO) events and their impact on rainfall \
The temporal and spatial distribution of (e
cally in /o agricultural productive season
and MODIS satellite data in Gojam, E

as it
mate varigpi|
ariability

f’”ﬂl'”[y depends on seasonal characteristics of rainfall.
il T ‘;?_(';:;l:e‘;’:”y La Nijia or El Ni:?o Southern Oscillation
mperature ezizai, & season normalized dlfferen?e vegetation index.
s for a period of 9 ave been investigated statisti-
thiopia. The normalized differ ion i "1_8180"0/081'601 5y
’ : erence vegetation index (NDV1) is widely accepted

.” pr Cfl?@"fles and associated changes for large scale geographic regions. Inves-
\'t’ge!(lfion condition and thus Belg crop P:SO'I()[Z:;:ZF:H;II:;:;IIIC H[arly-m Hl? ot mfu)} s A
s : . cal correlation analysis shows strong positive correlation be-

nreeti NDVI‘S””[ rainfall {1 most years, and negative relationship between temperature and NDVI in both seasons. Al-
though El Niflo and La Niiia events vary in magnitude both in time and space, ENSO analyses shows that two strong La
ses result shows that its impact to the region rainfall variability is
o predict all the time. The NDVI anomaly patterns approximately

mperature anomaly patterns associated with ENSO, but also show
additional patterns not related to ENSO. The spatial and temporal analyses of climate elements and NDVI values for the

growing season shows that NDVI and rainfall are very unstable and variable during the 9 years period. ENSO /El Niiio

and La Nifia events analyses show an increase of vegetation coverage during El Niflo episodes contrasting to La Nia
episodes.

and vegetation cover
v years (2000—2008), using dat
fio

jigations indicate that climate variabiliry

Niiia years and one strong El Niiio years. ENSO analy
mostly noticeable but it is inconsistent and difficult t
agree with the main documented precipitation and re

1. Introduction other climatic factors. All other factors of vegetation dy-
namics are most likely dependent of climatic factors and
they don’t vary temporally in a very short period of time

LL Background and justification like temperature and rainfall. This spatiotemporal varia-

The interaction between climatic elements, vegetation tion of climatic elements has great influence on the vege-
dynamics and sea surface temperature anomalies are not

well defined, and there are differences from region to re-
gion all over the world. According to many previous stud-
ies, the climate parameters and the normalized difference
vegetation index (NDVI) have a positive relation in some
region (Nicholson et al., 1990); while, it is negative in
other regions depending on geogruphical position, geo-
Morphology, vegetation type, climatic condition and other

tation dynamics and seasonal agricultural productivities.

In the Gojam region, Ethiopia, the majority of the popula-
tion depends on rainfall based agriculture and agricultural
related activities for their livelihood. Nowadays, the sea-
sonal rainfall is not coming on time and is decreasing in
amount (UNFCCC 2010). Rainfall fluctuation has signifi-
cant long and short term impacts on natural resources par-
ticularly forests, lakes, wetlands and rivers. The Gojam

factors (Zhong et al., 2010). Vegetation condition is de-
pendent on soil type, moisture of soil and type of vegeta-
tion i the region; besides, climatic elements such as tem-
Peralure, rainfall and sea surface temperature. AMONg
those many factors of vegetation dynamics the climatic
clements are very unpredictable and variable in ﬂ.V'CT)’
$hort period of time, spatially and temporally. Precipita-
lion is much more variable in both time and space than

Water 3 (1)

people economy is mainly based on rain-fed agriculture.
Regardless of the presence of surface and groundwater
resources, the failure of seasonal rains seriously affects the
region's agricultural activities that leads to food insecurity
and other hardships.
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. . ; -iability has
However, in the present time climate variability

changed and unseasoned rainfall is often observed
(Conway et al., 2005). High population growth, dcforcsm-‘
tion, very traditional agriculture techniques and impropet
use of land have resulted in massive land degradation with
losses of fertile soil. Today, many rural familic:% ca.ﬂ
barely make their living from agriculture. The basic cli-
matic elements such as rainfall and temperature show sea-
sonal or annual fluctuations somewhat different from nor-
mal expected climatic conditions, which are very impor-
tant to agriculture productivity in the area. [thiopians arc
facing the consequences of rapid deforestation and degra-
dation of land resources. The increasing of population has
resulted in extensive forest clearing; for agricultural use.
overgrazing, and exploitation of existing forests, for fuel
wood, fodder, and construction materials (Bishaw, 2001).
Understanding the impact of vegetation dynamics to cli-
mate variability and response of vegetation on climate
variability at the inter-annual to decadal time scales arc
desirable.

The El Niiio and La Nifia events result from the tropical
pacific Surface Ocean and atmospheric interaction in the
tropics. Although EI Nifio originates in the Eastern Pa-
cific, its warming effect is rapidly spread by the winds that
blow across the ocean altering the weather patterns in
more than 60 percent of the planet’s surface (Kandji et al.,
2006). Some of the major disasters associated with El
Nifio events include floods, droughts, heavy snowfalls,
devastating effects in fish industry and frosts. EI Nifio and
La Nifa have positive or negative influence in the timely
coming of rainfall.

Therefore, the rainy season in Gojam, Ethiopia, depends
on El Nifio and La Nifia events occurring in the tropical
Pacific QOcean: besides, the Indian, and Atlantic oceans
and other factors. Analyzing El Nifio/La Nifa-Southern
Oscillation ENSO episodes together with other climatic
parameters would be helpful for agriculture management.

The El Nifie and La Niiia event are the main causes of

Ethiopian climate variability, including the Gojam region.
Changes are rapidly occurring in carth surface relating to
climate variability and vegetation conditions.

Therefore, understanding the interaction between climate
elements and vegetation condition in response 1o climate
variability and change in global or regional scales would
have great scientific importance. Geoslatistics and remote
sensing could be helpful for analyzing the EI Nifio and La
Nina events together with other climatic elements and
vegetation responses.

water 3 (1)

jjam, Cthiopia.

icctives
1.2 Objectty . . F
! o i s study is lo analyz b
The main objective of thi Y analyze {ime Serip

of scasonal, monthly and yearly NDVI \{egetalion indices‘
climatic elements for slwor:t and long rainy seasons (Bey
and Kiremt) and Seca surface 1?111!33"3111"6 (.SS_T) anoig,
lies. which is the main causc of climate variability jy, Go.
: Belg has a short and moderate rainy seasop
from February to May and lremt ha_s the main rainy e,

- om Jun (0 Scptember, which is related to the Teve.

son | L —

nue of agricultural actvitics. It is clear that Slatisticy
— climatic clements and vegetation characteris.
[ €

s would help 10 assess crop production and the vege(y.
tion cover in Gojam, Ethiopia. .

This study also aims al investigating the statistica| rely.
tionship between climate parameters, normalized diffey.
ence vegelation indices (NDVI) and Sea surface tempers.
wure anomalies. The analyses will be based on time series
of vegetation Indices, ENSO and climatic elements fo
nine ycars (2000-2008) and also aims (o predicl vegela-
tion condition and agricultural products. The study wi))
also assess the ENSO impacts on the spatial and temporal
distribution of rainfall and vegetation in Gojam, Ethio-
pian.

To achieve these objectives spatial interpolation of cli-
matic elements and NDVI analyses will be performed.
Unpredictable and very variable atmospheric circulation
patterns, lack of complete data and different topography
are some of the limitations that the study will have to face
for getting accurate gridded data for climate variability
and vegetation dynamics analyses in Ethiopian high land,
particularly Gojam,

1.3. General methodological framework
The general methodological framework followed during
the study is presented in Figure 1.

1.4 Gridded datasets derived from climate data

Monthly mean maximum, minimum temperature and rain-
fall data were collected from National Meteorologicd
Agency of Ethiopia. These data were also recorded fion
IS Meteorological station placed in the study area for gt
cultural or rainy seasons (February -September) during 11
period 2000-2008. Three variables are analyzed in lhES
study: mean monthly, seasonal and yearly rainfall, ma"
mum and minimum temperature. The meteorological S
tions werc irregularly distributed over the study ared ‘1_"d
doesn’t represent the whole region well. There werea few

ans - . o5l
data gaps and removed by averaging data from the neare

neighbor stations.
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- of gridded climate maps was made by interpo-  that much important but the relief or topography of study

0 = . i’ . :

prePﬂm” s records based on the longitude, latitude and  area has a bit influence on the spatial patterns of climate
Ch 3 3+

! eather stations. Use of elevation as sec- parameters.

- ‘\.’
of the . :
ion , for modeling gridded maps was not

, infOl'"‘miO]

jatio” ?
elevd
Ondar}

Basic Climatic elements and Vegeration Characteristics

Il

!

Clamaric elements Temperature and Rawfall

pacific Ocean Sea surface Temperanure anomazlies from NOAA

et of NTNO3 4. NINO3 and NINOH SSTA \/

MODI13Q1 NDVI Imagery from USGS

T ————

MODIS re-prozection to convert from Hdf 1o Geotit

Interpolation of Clisatic elements

e

Image resampling using a nearest neighbor operator

Geostatistical Ordinary krigung

Qualiry assessment process of MODIS 230m NDVT !

]

Fix the extent with the shape file

¢

Filrer and Rescale hIODIS 230n: NDVT bv10000

Final NDVT Values

lovestizanng Spatial-Tempora! relanonships of vegetation condif:ons. climatic elements ' E
using AreGIS and R

Figure 1: General methodological framework of the study 6
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The magnitude of elevation ranges from 639 m 1'0 4(.}38’_:“
The general increase in precipitation with elevation :'s W -
known, it is due to fact that hills are barriers to moist -?,Ill_
streams, forcing the airstreams to rise and they act as high
level heat sources on sunny day.

Different interpolation methods were tried in 0"der. o
crease the prediction accuracy such as inverse distance
weighting (IDW), simple kriging, Universal kriging and
ordinary kriging. Ordinary kriging method was thfe 13_65[
for this study and all raster maps of seasonal precip:lﬂ?loln
for the study region were constructed using the geostatisti-
cal interpolation method known as ordinary kriging (OK).
OK relies on the spatial correlation structure of the data to
determine the weighting values instead of weighting
nearby data points by some power of their inverted dis-
tance. Ordinary kriging is an effective spatial interpolation
and mapping tool, because it honors data locations pro-
vides unbiased estimates a unsampled locations, and pro-
vides for minimum estimation variance, i.e. a best linear
unbiased estimator (Jantakat and Ongsomwang, 2011).
Monthly mean sea surface temperature (SST) anomalies
of NINO3.4, NINO3, NINO4 region also used from Na-
tional Oceanic and Atmospheric Administration (NOAA).
Since NINO 3.4 has characteristics of both NINO3 and
NINO4 most studies consider NINO3.4 SSTA for their
study (Babu 2009; Zaroug 2010). To be classified as a
full-fledged El Nifio and La Nifia episode the Oceanic
Nifio Index (ONI) must exceed +0.5 [El Nifio] or -0.5 [La
Nifia] for at least five consecutive months.

Satellite system Sensor

NASA MODIS Terra

Although the Normalize difference vegetation index
(NDVI) value classification is not specific, depending on

previous some studies the vegetation condition of the re-

gion classified as High vegetation (values above 0.5), me-
dium vegetation (from 0,292 - 0.5), low vege
0.292), no vegetation ( from 0.1 -
(USAID, 2006; USGS 20 I; USG

tation (0.166-
0.166) and water body
S & USAID, 2003).

water 3 (1)

Spatial resolution

MODI3Q]I
250m NDV]

1.5 Gridded datasets derived from Satelljte dag
: a

The multi-temporal imageslus!ed were acquireq o “
NASA Terra (AM-1) satellite’s Moderate RESo]miOH h‘e
aging Spectroradiomeler (MODIS) sensor, The MOD?_
250 m NDVI product (MOD.iJQ” '6'day Compoms
provided the needed vegetation phenOlOgy di &
MODIS re-projection tool was used to conyer HDf < g
Geotif and images ere . l'eSﬂ!.hplec'j using 4
neighbor operator from lh(?l[' native sinusoida| o .
to geographic projection with dalugn WGS 84 Dependinn
on the MODIS 250m NDVI .Qualuy Assessmen Scimc:
Data Set (QASDS) information and requiremeny
assessment also processed. NDVI pixels (ha i Gl
the acceptable QASDS quality level were dejopeq ang
flagged. The 16-days composite NDVI data Sets were

Quality

nen_

& )

erated using a maximum value composite (MVC) Proc.

dure, which selects the maximum NDV] vaye Within
]

16-day period for every pixel. This procedure is useq T
reduce noise signal in NDVI data due to clouds o Other
atmospheric factors. The monthly NDVI raster map ang
others such as maximum, minimum and mean NDVI yq.
ues were extracted by averaging the 16-composite. Nega.
tive NDVI values indicate non-vegetated areas such ag
snow, ice, and water. Positive NDVI values indicate
green, vegetated surfaces, and higher values indicate iy.
crease in green vegetation.

Digital terrain model also used from United States Geo-
logical Survey (USGS) for pre-processing of satellite da

and the supplementary statistical analysis in the main part
of the study .

Temporal resolution Time-period/ Acquisi-

tion date

16 day composite From 2000-2008

|3
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3 Results and Discussion

1. gpatial and temporal variation of Mean
,:mﬂfh]y NDVI for Belg and Kirem¢ season
generally- here is high vegetation coverage i Kiremy
ason (June. July. Augusl and September) (hap Belg
Februar. March. April and Mn__v) from the period 2000 1o
2008 du to good amount of rainfall in Kirepy scason for
plants of crop to grow. Relating o the altifyde there is
ettt vegetation coverage in the central part of the regjon,
around choke mountain (the highest plateay of the region)
in both scasons. [n the other hand. there is ess vegelation
coverage in the castern periphery of (he region while, be(-
(cr vegelation coverage in the western part of region

From scasonal quantitative analysis of vegelation cover-
aec in both scasons as shown in Figure 1 there is 77.14 %,
hjvghcsl high vegetation coverage class in (he year 2002
Kiremt scason. Yearly Kiremt scason high vegetation cov-
crage class from highest to lowest 2002 (77.14 %) and
2003 (66.59%) consecutively. Highest Kiremt season me-
dium vegelation coverage class is in 2003 (23.24%) while.
Jowest medium vegetation coverage class and low vegela-
tion coverage is in 2002 (12.74%).

In the Belg scason the highest high vegetation coverage
class vear is 2007 (2.55%) and lowest high vegetation
coverage class vear is 2004(0.48%). The highest medium
vegelation coverage class year is 2000 (58.15%) while.
the lowest vear 2003 (26.69%). The highest low vegeta-
tion class also in 2003 (61.91%).

The result of pacific ocean sea surface (emperature
anomalics analyses show that 2000 and 2008 arc strong La
Nina vears. but the National Oceanic and Atmospheric
Administration (NOAA) includes 2001 and 2007 as La
Nifia or close to La Nifia year as well. In the other hand.
2002 is strong El Nifio vear and NOAA also includes the
years 2003, 2004. 20035 and 2006 (NOAA. 2010). So that.
there was a decrease in vegelation coverage in 2000 and
2008 particularly in first two months (February and
March) of Belg scason duc to La Niiia cpisodes and de-
trease of rainfall amount( Figure 1 and 2 ). But the (otal
Yegelation coverage of Belg scason and La Nifia episodcs
'S not decrease because of the rest April and May vegela-
lion coverage and rainfall amount increasc (Figure 1). The
highes vegetation coverage is in 2002 is due to El Niiio
®Pisodes. The EI Nifio episode increase the amount of
rainfall ip Belg scason while. decrease the amount of rain-
fall in (he late Kiremt season. Hence, duc lo one or (wo

Water 3 (1)
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months lag (ime vegetation cov
fall of rainfyy the vegey
The spati
L

crage increment after the
ation coverage is increase in 2002,

al and temporal distribution of rainfall and vege-
EEBHHlion simil.ar patlern lhm. is. maximum
age and rainfall amount in the east and

horth east part of region while. decreasing of vegetation

a ainf; ‘
nd‘ mmﬁ.lll wesl. south. north west and south west part of
region (Figures 1 and 2).

alion Coverage have

2.2 Spatial and temporal variation of mean sea-
sonal rainfall in Belg and Kiremt

Ordinary kriging considered to be the best methods. as it
provided smallest RMSE and ME value for nearly all
cascs. Since the distribution of sample data points is un-
cven and sparse IDW interpolation techniques quality is
very less and docsn’t cover the whole study arca. Ordinary
kriging was sclected for (his study based on how well it
has performed on prior years data and because the statisti-
cal characteristics of the data in 2002 and 2003 make Or-
dinary Knging the appropriate choice of Exponential and
stable type of models are used for ordinary Kriging inter-
polation of scasonal rainfall data.

3. Conclusions and Recommendations

The relationship between precipitation and NDVI is very
strong and predictable when observed at the appropriate
spatial and temporal scale. The phenology of vegetation in
all formations closely reflects the scasonal cycle of rain-
fall. Within the period 2000-2008 there is considerable
monthly. scasonal or year-to-ycar variation in precipita-
tion and NDVI throughout the region of Gojam. The
vearly correlation coefficients between NDVI and precipi-
tation arc very high. while the correlation between NDVI
and temperature are low. The total growing season analy-
ses show that the gencral temporal or spatial distribution
of NDVI in the whole study area corresponds dircctly with
the spatial pattemn of average monthly or annual precipita-
tion. Belg scason NDVI cocfficient of variation analyses
shows high instability or variability in both fully strong El
Nino or La Nina episodes in 2000 and 2002 but the
Kiremt season NDVI coefficient of variation is more
highly variable in the whole years. Gojam is a region in
the tropics or in monsoon region. so that tropical pacific
ocean circulation effect. that is ENSO/ El Nino or La Nina
episodes, has a greal impact in the scasonal rainfall vari-
ability.
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Figure 3: Correlation between mean NDV and rinfall

The ENSQ result shows one ¢lear and full El Nino episede
in 2002, which shows total increase of spatial vegetation
coverage as compares 10 La Nina vears of 2000 and 2008.
ENSO warm phase events (El Nino) were associated with
high NDVT values. due to an increase of precipitation in
Belg season. Regarding maximum temperature and NDV
the result shows strong negative correlation between each
other. But the immediate decrease of maximum mpen-
tre. particularly in March or May. indicates that the stan-
ing of main miny season. Kiremt rinfall. and INCreasing
of vegetation growth in almost the whale VRIS, Sptio-
temporal analyses of NDVT shows lowest

maximum,
minimum and mean vegetation ooy erage in Februan and

March in almost all the vears or months, while Julv and

water 3 (1)

August shows the highest maximum. minimum and mean

NDVT values.

The sirong El Nino episode vear 2002 shows an earlier

starung of rainfall in March, while during La Nina episode
period year 2000 and 2008 rainfall started later in April
February mean rainfall is becoming almost zero in the
whole ning vears.

The Kiremt season El Nino episode show earlier decrease
of runfall as we compare it 1o La Nina episode. Generally.
year 2003 shows increasing or good amount of rainfall i
both seasons, while 2005 and 2007 show decreasing
amount of ranfall in both seasons.
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|y vegelation coverage analyses shows

onthl)
)2 and 2007 have betier medium vegetation

¢ castern and central part of the region than
AeC )
= March vegelation coverage analyses also

mo
,bnlﬂD
Ft'l2 1. 20t
I'lll in lh

olllcr d (but less than February) medium vegetation

51!0‘ | thosc arcas and more vegelation coverage in
I

VCrE ¢ years 2001, 2002, 2003 and 2007,

P]H mn III
Imonlhl\ yegelation coverage shows belter medium
il

ation €OV age in the years 2000..2002 and 2007 than
wu“ﬂ nd March. May monthly vegetation coverage
Fb“ nore medium and high vegetation coverage in (he
5|‘o 2000. 2001 2006. 2007 and 2008 than February,
\;ql:cll and April. All Kiremt months (Junc. July. Angu.sl
per) have shown better high and medium vege-

dSL [em
mlIO” coverage excepl some p: ir1s of the region in the west

Cnphuus
oms (hat there is a possibility to predict rainfall in

Gojant il ihe SSTAs and EI-Nino cvents could be fore-
casted in good time ahead. So that it would be very impor-
gt for farmers and other agricultural scctor as they pre-
pare (hemsehes depending on the scasonal rainfall forc-

casts. The Belg rains arc used for land preparation for the
main rainy scason Kircmt and some crop products such as
potato. sorghum and others uscd to sow il the Belg rain
comes earlier. Untimely Belg rainfall mcans poor land

preparation for the m
creased unwanted infestations of cert ain pests and reduc-

" |
C CL"“‘]

It sce

aiit rainy scason that leads (o in-

tion of crop production.
The total temporal and spatial analyses of climatic cle-

ments and vegelation characteristics of the rcgion shows
instability or variability of both climatic clements and
vegelation coverage during the study period from 2000-
2008. Long vear data analyses ol climatic clements and
vegelation coverage including the wholc three scasons
(Belg. Kiremt and Dry) would be important 10 understand
the variability. The detail observation of the vegetation
map clearly shows spatial and temporal variability of
greenness duc to rainfall variability ol rcgion. ENSO El
Nino or La Nina episodes has great influcnce in (he sca-
Sc_mal rainfall of the region which may weaken. increase or
dislocate the seasonal rainfall spatially or temporally.
Generally. EI Nino warm phase of ENSO shows the in-
(rease of vegetation coverage in the region due 10 carlicr
Slarting of rainfall during the El Nino cpisode. La Nina.
le cold phase of ENSO. shows decrease of vegetation
€Overage in the region duc to the late starting of rainfall in
gllel r:l‘::ﬂlThc monthly trend analyses of NDVI and mm:
il rs 1ows (hat how those (wo variables arc highly
rom year to vear during the analyzed nine years.
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Abstract

guz wezial jon .
) ias i mlgalml
Appraisal of irrigation water management scenai n;_\ ;,’,7\- ot
A comprehensive irrigation water managemei siid _)'m)’_q 68%
X o ~ 11 oy N
rift valley lake basin. It is observed that from 147 rrige

. ,(7’1 ”HH—’I . F .
e . 9% widergone throug — ed poor) organization .r .
countered unfair distribution of water and 66 %6 underg % of all scheme users noted | Kanization qf

) . o eak (30
allv. Al the schemes imvestigated witnessed a weak

. i § « q clear faws # by=lans € awork,. - ligy
scheme administration. The 11'UA2s lacks a clear lﬂ‘_' P o k of filling farmer s Skill gap. 1o hetve g Yorking p,
and iaintenances. 1itho strong IWUA, it is impossible 1o think of. e

d Fiitian of irricatian wiater Feliable irrigdt
hance strategy, fair distribution of irrigation water, reliable irrig

rer.

1. Introduction

There are mixed perceplions about (he contribution of
irrigation in general and SSI interventions in particular for

poverty reduction and food security improvement. In
Ethiopia. although i

gation has long been practiced at
different

farm levels. there is no clficient and well man-
aged irrigation water practice (Dessalegn. 1999). The rea-
son could be litile efforts made lo investigate irrigated
land management and water use in the country. Even some
rescarch results found out that no dilference is observed
sometimes between rainfed and SST user smallholders in
their food security status (Peden et al.. 2002). The world
major grain exporters such as USA. Canada. France. Aus-
tralia and Argentina produce grain on very productive
rainfed agricultura) |

ands while major grain importers de-
pend on irrig:

ition (o produce grain (De Fraiture et al.
2009). According to Shah er af. (2002). SSI development

should result in substantial improvement in houschold

food security and poverty reduction through low cost of

maintenance and better institutional support for its sust

ain-
ability and nation

al economic benefit. A review of several
empirical studies by Hussain and Hanjira (2004) indicated
a strong linkage between irrigation development
ertly reduction through improving level
productivity. livelihood diversification as
emplovment and income opportunities. Out of 200 sam-
pled irrigator and non irrigator houscholds in 3 particular

area of Oromia region. only 43 % of them were food se-
cure and more than 7¢ % Were irrigators (Tesfaye ¢t al..
2008). A study by Brabben er af. (2004) and Angood er qf.

and pov-
and security of
well as creating

water 3 (1)

hemes is crucial in project performanc,
i 8

Inap;
lucred on four SS1 irrigation schemes jj 1
I o

. Oy,
) i s G [‘.lhm 8
4 faced irrigation water supplv uny elmb,,',,_l.. 79 1o
. - ' 7 - e ) A
iness problen in wate d/.wubm,n” )Cca\.en,
Moy,
J
and strategies 1o lead small or major cqp
S - £

ay
S 0
al Opey. '

iny,

ion water supply and timely delivery <?/'il‘;'igﬁlil::a

e
q.

sulted in considerable rural livelihood. food se
nutritional improvement among the benefici
and Bangladesh. In addition. a study by Gebregziabhcr el
al. (2009) using survey of beneficiaries of g selecteq gg
schemes in Tigray region of Ethiopia revealeq that house.
hold income of irrigation users is higher than non imga-
tors by about 30 %.

With 'all these facts on hand and even water TCsources .
velopment for agriculture as a policy priority, poorly
planned and managed irrigation schemes undermines f.
forts to improve livelihoods and exposcs People at rigk i
Ethiopia. Much of the increase in irrigated areq had come
because of expansion of small-scale irrigation in (he coun-
try. Yet. the existing irrigation development in
as compared to the resource the country h
(Mintesinot et al. 2003).

curity, apq
aries iy Nepa)

Ethiopiy,
as. 15 negligible

Agriculture is (he b

ackbone of (he country’s econor
caming

a livelihood of more than 85% of (e lot
tion. The country grows

including cereals,
different v

ny
al popula-
a wide variety of irrigated crops
pulses. cash crops such as chan and
ariety of rool crops. The vast irrigation land and
abundant surface 3 well as ground water resources are
mostly found in (he lowlands of (he country. which ac-
counts 36% of the (ota] agro-ccological zone. Irrigation
has been developed in (he country by farmers. Govern-
mental Organizationg and Non Governmental organiza-

tions. Those trrigation structures developed by farmers are
traditional ones. constructed using local knowledge and
labor, .
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ablishment of state farms since

with the est
coll"‘ " nrO duce Jantation €rops such as .collon_ tobacco
]971 10 I these schemes were medium ones con-
& olhcr"irl owned bY the govemmcnt.
et J-e suslai“ablc production from irrigated agricul-
10 achic? arent (hat the management of important re-
agriculture. water and land. must be

(15
ure ! " im’gnled . '
Crop responscs 10 different inputs including

." q plication depend on the level of water avail-
fcmuzcr‘P o al.. 1996). Application of fertilizers not
gbi“'}’ S plant shoot and root growth (Brown et al.,
only mclgu‘l also increases ET and hence metabolism
: stcm and grcaler extraction of

ugh ¢ Jarge root S¥
i ter (Cooper ot al.. 1987). In addition. a large and

ier cANOPY cover resulting from the flpplicalion of fer-
(lizers can reduce soil water cvaporation and improves
feld waler utilization (th.lgj ct al.. 1998). Henee it is
ear that irrigation and rCl'l.lll7.Cl' arc thc most important

crop production and betler water manage-

inputs for high
y in the counitry and specific to the Rifl

mentl. Generall
Valley Lake Basin: several irrigation projects have failed
¢ .

or have had limited livelihood impacts and have been un-
ainable -because of different limitations such as less
integration of the socio-ecconomic. existing local commu-
nity water management practices. institutional. technical
ana policy weaknesses. (IFAD.2005).

The questions “how is irrigated agriculture managed with
limited water and land resources?” have not been yel salis-
factorily answered. Availability of irrigation water man-
agement information on farmer ficlds is not common.

Thus. this study have been focusing on cvaluating the iTi-
agement condition of small scale
alley lake basin

ample. The

e{ll’]

sust

gation scheme water man
imigation schemes in the Ethiopian Rift v
(aking four small scale irrigation schemes as a s

minor objectives could be:

Evaluating the managcment of different irrigation
schemes to learn a lesson from the bettered oncs.

* Identification of specific management elements that
makes a difference is irrigation schemes manage:

ments.

* ldentification of scheme management problems and

their causes in respective to schemes actual condition.

.Af.‘cording to MoWR (2001). it was planned (o expand
::‘T'eiar:ej agriculture area by more than 470.000 ha be-
i 002 and 2016 out of which 48 % will be ssl
the e\issn" Undertaking water nmnagcmeql as.sessmcm of
appr(;pn' ing SS_I ‘schemes in this regard_ is vital to make

ate decision between implementing new interven-

Water 3 (1)

tions and improving the existing ones to enhance the per-
formance and contribution to advance food sccurity and
cash incomes of smallholders.

2. Methods

2.1 The study area

Ethiopia has about twelve river basins with a potentia
irrigatc an cstimated area of 3.5 million ha. out of which
only 190.000 ha (4.3 %) is actually under irrigation
(Makombe ct al.. 2007; Tesfayc ct al.. 2008). Rift Valley
Basin (RVB) is one of the major basins having an arca of
52.739 Kin2. covering parts of the Oromia. Southern Na-

tions and Nationalitics peoples (SNNPR) rcgions (Fig 1).

| to

(
|

~

7 Argeda
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,E.ﬁl:)a‘!l'a

e ‘,

N ST ‘
I.A [ i ;
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2 i
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K \ /
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nrNTA

| Psiiinlit i, -

Figure 1: The study sites

The basin extends between latitude of 07°00" and 08°30' N
and between longitude of 38°00" and 39°30'E. The total
mean annual flow from the River Basins is estimated at
about 5.6 BMC (Awulachew et al. 2007). It has substantial
areas of productive rain-fed agricultural land. good range-
lands and also irrigation lands due to the great demand for
economic and social development. Irrigation development
is growing in the basin where about 10% of the estimated
irrigation potential of 139,300 ha of irrigation land is un-

der irrigation, out of which about 4627 ha is provided by
small scale irrigation schemes.
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; »
irrigation SI(CS namel}

a and Eballa lo-
ch the former
e lo-

For t(his study. four diversion
Gedemso 01, Argeda. Bedene Alemlicn .
cated within the basin were sclected: of whi o ar
two are located in the Oromiya and the latter w ‘casons
cated in the SNNP Administrative Regions. e ribilil\‘.
for the sclection of thesschemee siles IwchZ _ﬂci(’:s.st‘, al;d
scalc. management lype. agro ccological sinlarity
similarity of market outlel.

Gedemso 01 SSI scheme, constructed .
Oromiya Regional Government is located in }Vcsl i
zone in Arsi Nagelle district. Buku Woldaya l\('le c. i|
kilometers to the East of the district capilal. Alvsl EhEE .C
and 224 Kilometers (o the south East of Addis :/\b“b('-
Ethiopia. The scheme has a polential (o irrigate 180 hec-
tares (BoA. 2009/10): out of which 80 hectares arc localed
in Gedemso 01 (BoA. 2009/10; Awulachew ct al.. 2007).
and the remains 100 hectares is located in Gedemso ()%
Argeda SSI scheme. construcled by Oromiya nglO".”l
government in 2004 is also located in West Arsi Zone 1n
Arsi Nagelle district in Argeda Shaldo Kebele, 39 kilome-
lers (o the cast of Arsi Nagelle and 233 kilomelers to the
Southeast of Addis Ababa. Ethiopia. The potential irri-
gable land of the scheme is 80 hectares (Awulachew ct al..
2007).

Bedene Alemtena SSI scheme is located in SNNP admin-
istrative region in Halaba special Woreda. The project is
located 12 kilometers from the Woreda capilal. Halaba
Kulito town. The scheme was constructed by CoSAER-
SAR (o irrigatc 200 ha (Awulachew et al. 2007),

Eballa SSI scheme is located in SNNP administrative
region in Kembata Tembaro Zone in Hamido Goforo ke-
bele. It is located at a distance of 120 kilometres 1o the
Northwest of Hawassa. the regional capital. The scheme
Was construcied by CoSAERSAR in 1997 (o irrigate an
area of 120 hectares (Awulachew ¢t al. 2007: Mihrel el al..
2013). The planned beneficiarics of the scheme are 627
households. Both schemes use similar diversion struclures
to guide the water into a gravity water distribution syslem.

in 2001 by
( Arsi

2.2 Data collection

2.2.1. Document Review and Secondary data collection
Relevant project documents have been reviewed during
preparation of ficld data collection tools and thoroughly
reviewed during the preparation of (he report. The reports
include performance report. midierm review, baselines,
beneficiary assessment, inventory. project completion re-
port and others. Secondary data were also collected from
cach sector offices at Woreda and Kebele level.

water 3 (1)

2.2 Focus Group Discussion (FGD) ,
22)(:.115 group discussions were made wigj, Comyy,,,. .
and Das with special altentjgy, y ”mt_\ Iy

indicators listed above, 1, ‘

F .
rescnlatives

W,
¢ enl all ‘"Cr
managein : : i i,

schemes. focus group discussions wwith Organi o, Sl

; 7 : » y
in sources of information op 4 oy,
were (the ma oo ol m.]“
agement of §S1 projects. .

2.2.3. Ficld Visit and 0])59:’\':1“0:1 (transeeg Wally
Field investigation and SI.IC observation liseg .
Scheme uscrs were the major f‘l’l_’r0€f011 of the i, iy
ficld visits was made (o cach irrigation schemeg ]J]-(;l-b.c
plot to visuallv observe the current \.\mcr m““agc]“'\‘
situations in the schcn.lcs. Ovbscr\'unons inlo ‘Ziri:m
schemes helped in knowing l]l-Clr slatus ang idcnlif\ Colls
straints in sustaining (he scrvices of (he schomee .10 ”1:.
(argeted communitics. On l_hc spot discussiong W lhc
scheme management commitiees and scheme users \\Q,c
conducted so as to have first hand information
Dircct obscrvation was excrcised starting, from the heag
work (o farm level by sclecting representative SCClion o
the scheme. The structured walk through ()¢ Schen,
helped o assess particular indicators (waler “‘i'il:lbilil\_
maintenance status. soil type. soil characleris(ics, vpe 6[
crop. homestead. grazing land. tyvpe of livesiock vl
shed status ctc). It provided a good firsl overview of the
irrigation scheme and plot usc.

2.2.4. Houschold Survey (HH)

Houschold survey in the four irrigation schemes wss con-
ducted using structured questioner regarding the waper
management of irrigation schemes in the community,
Farm  houscholds  who are directly using irrigation
schemes were sunveved (0 sce walter management of (le
irrigation schemes, Primarily, purposive sampling based
on performance and convenience were employed

to select the four irrigation schemes: in the second stage.
cach sclected scheme was purposively divided into (hree
strata based on their relative location with respect (0 (he
diversion structure as head. middle and tail reach. This
stratification helped in classifying schemes into smaller
arcas (hat are homogenous in terms of access (o waler and
irrigation infrastructure, A probabilitv sampling method
in\'ol\'ing simple random sampling (echnique was used (0
select {he respondents. Proportional sampling was used (0
select the respondents. Proportional sampling was cn-
Ployed to pick female headed HH and male headed house-
holds from cach siraa. For irrigation water managemen!

Investigation 147 irrigation scheme user houscholds were
Involyved. .
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- yrotocol

Lt
qantl d Jistribut

bution of samples at cach irrigation scheme

jon ol sample houscholds with respect to scheme, their location in the scheme and sex are given in

rs selected and data collection

J4 dieato S
‘.I indicators presented n Fable 2 were used o
The . . o
o waler management in SSIoprojeets. These
gesess Ve ;
OrS WETE selected according to the context
ator

indic S . ) L
¢ his investigation (focusing on irrigation water
0 & =

: CIndientors used lor investigation
Table 2: [ndicators used for 0

ple 1 is!r
‘I“‘l‘ — .
oheme Fotal sample Location within the scheme
Female Male Head Middle Tail
il il :
Female Male Female Male lFemale Male
HII 111 HI11 il 111 Hi
,//”""‘ 7 28 ' 5 4 3 2 10
\l-ucdil 0l
s l 8 34 | 5 3 19 4 10
Gedems? 0
2 >
Bedene Alemiena 0 21 ! 2 3 9 2 10
U
7 34 2 3 3 20 2 I
Fballa
Total 28 117 5 15 13 6l 10 41
management), and the cost of data collection and

processing (Biswas, 1984, 1985).

Method of Data collection

Indicators
Fair distribution of lrrigation water

Reliability of Irrigation Water Supply
(survey)

Timely delivery ol Irrigation water
(Survey)

WUA Qreanization

Information and education

Status ol irrigation services

J. Results and Discussions

For the rapidly expanding small scale irrigation farms in
the arca, there are very few or no information regarding
appropriate management of irrigation water and crop man-
agement practices in the four irrigation projects investi-

I\ Y e . B .
Sled, Knowledge about irrigation water management

RACLCeS nre v . . .o -
Practices are very crucial to improve the productivity ol

ll'l'iu 3 . & . % 9 o

d_\ﬂlud agriculture through the application ol scientific
an S e o ;

modern irigation water management technologices

\\':ll(_\r 3 ( I)

|

Houschold survey to investigate Fair distribution of Irr

igation water

Houschold survey to investigate Reliability of Irrigation Water Supply
Household survey to investigate Timely delivery of Irrigation water

Presence of a water user organisation including men and women and
strength.( HE survey)
Acquired irrigation systems management skills (Survey and FGD).

Presence ol organised maintenance strategy (Survey, FGD, K1)

with ultimate goal ol improving livelihood of smallholder
farmers in the respective irrigation schemes without any
adverse effect on the social and environmental arena. Em-
ploying the aforementioned methods, irrigation water
management parameters like flairness in irrigation water
distribution, timely delivery of irrigation water and reli-
ability of irrigation Water Supply in the four schemes
were investigated. Each of these findings has been pre-

sented in this section.
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3.1. Fair distribution of Irrigation water '
In all irrigation schemes (mean of 79.1%), occasionally in
their field experience (Figure 2) they faced unfair distribu-
tion ol irrigation water. In Gedemso 01 irrigation project
for instance, unfair distribution of irrigation water is a
serious problem duc 10 illegal water users and weak waler
users association. In all other schemes the unfairness is
attributed to corrupt water users association and vested

mierest ol head water users.

Fair Distribution of Water

1230
- 10030
- s —HH
: 5
ey g ] :
= e 3 L
10
aC L =) e
R £33 fzg21z trezn
o i3 ¢ BT
B2 3 551 S L5090 EED
Niprazem 362 W03 ac T 17

Figure 2: Irrigation water management - Fair distribution of

walter

3.2. Reliability of Irrigation Water Supply

Unreliability of irrigation water supply due to poorly func-
tioning irrigation infrastructure and night illegal water
users (vandalism) are sometimes observed by 68 % of
irrigation schemes users (Figure 3). Unauthorised water
users. scepage, canal blockage for washing cloths and
herds of caule drinking from the canals may also contrib-

uted for supply unreliability.

Water Supply Reliability

e S,
I

.20 prabz:m 24 | ' C C

e EW R IEH 52F 735 C 630

nepribem 23C b A | i 37 !
0.8 i3 i1

Figure 3: Irrigation water management - Water supply reli-
ability ’

witer 3 (1)

ly delivery of Irrigation water

s an esscnlial component ol agriculiyry Wal
- . - s u tl

erealer production of food ang fiber i

3.3. Time

Jrrigation 1

nt where

manageme! SR T T
t ired under severe constraints ol waler esourceg I

requ ) . " . oy,
q Jlenaed 10 increase production using exisy;

{ i A S My

nanity is ¢h B
i s and and water cflicienty, Plang

; ces mainly 1 .

resources dre
: ' ess and res i

) sensing water SIress sPond it aceqy

efficient i
ingly. Untimely b A0t impag,
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Figure 4: Irrigation water management — timely delivery

of water

3.4 Participation

3.4.1 WUA Organization

Effective organizational structure of water users associg-
tion in irrigation schemes create the ability to facilitate
working relationships between various entities and im-
proves the working efficiency within the organizational
units. Without cfficient Water Users Association (WUA),
thinking of efficient irrication scheme management is
impossible. By strengthening the management capacity of
WUA, legal and smooth handover of schemes after con-
struction are critical 10 sustain performances. With this
case study it is observed that there is a positive correlation
between schemes which have an established WUA and
better water management. Even though technical aspects
contributes, most weak and poor water management in
irrigation projects are derived from poor management of
schemes. Organizational strength is critical in hampering
:hc precedense of most water management related prob-
ems.
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(armers in Argeda and 74.7% in
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3‘.4.2 Information, cducation and communication
!;xccpl Gedemso 01, majority of the houscholds in the
irrigation schemes do have sulficient knowledge about
irrigation. But during the FGD it was observed that the
proportions ol WUA members who have taken the train-
ing are different. Figure 6 below provides the percentages
of respondents who have and have not sulficient knowl-

cdge about irrigation.

N
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Figure 6: Irrigation knowledge of users in cach scheme.

Table 3: Members

{training taken

,I.),Pcs )

Kinds ol training attended

cadministration

[rrigation scheme

scheme O&M

Jrrigation §

Irrigated crop producti

Jrieation scheme administration

Average (70)

Relatively lower pereentages ol participants have
mining lrom Argeda 01 and Gedemso 01 drri
(Table 3). Institutional support towards sl

tion management through training
o local ceonomic development.

3.5. Canal Maintenance Strategy

and forced them not to stick with crops that can sulfices
their market opportunity. All the schemes investigated

lack a clear canal maintenance strategy. 94.5% of the re-
spondents in all schemes believe that their canal mainte

s of WUA who have taken dilferent training in percentage
WUA members who have taken different training (%)
Argeda 01 Gedemso 01 Bedene IEballa
Alemtena

50 55.6 62.5 83.3

62.5 44.4 62.5 66.7

jon and management 62.5 44.4 87.5 606.7

62.5 55.6 87.5 83.3

59.4 50 75 75

attended the  nance strategy is not good (Figure 7).
cation schemes .
blishing better irriga- Canal Maintenance Strategy
o would play an inevitable role sl -
inenhancing the effect of irrigation schemes on the sustainability N
3
]
a
& -
3 t
anal maintenance is the major task of farmers that takes 5 13 F { .

& v P n a0 b w e
much of their time and labour. Prolonged de-sillation sea- 2pzda Geaemso thaa zdene rizan
son posed major difficulties on their crop selection options S Poar 136 06 1 0 0 133

oo OFfar ga.7 $4.0 120 100 797
0Osead 08 5 2 0 8.5
Figure 7: Presence of clear canal maintenance strategy in

ater (1)

cach scheme.
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In all the schemes observed, canal cross-section and Srad‘:
ent were deteriorated, frequent unwanted canal obstru
tions and blockage either by foreign materials o'r iy
growth of vegetative coverings was observed (Figure RI
:

. : : ks 1n
Proper canal crossing at a logical location lac

; . Alk ueh the
schemes creating cattle’s to jump over or walk throug

canals breaching canal profile.

Figure 8: Canal crossing made from abandoned log and
Now abstruction in Argeda SSI.

In most farm lands of the basin, the landholding is declin-
ing to support decent livelihoods. The old practices of
fallow cropping which used 10 be upheld in the area are
being eroded. In irrigation fields it is impossible to think
ol such practices. The only option is to maintain irrigation
infrastructures and sustain the fentility of fields through
natural or artificial ways. The recent invasion of eucalyp-
tus along the main canals in irrigated fields made mainte-
nance activity frequent and costly, which calls for the at-
tention of policy makers to enforce strict regulation in
land use. The community in Eballa and Bedene Alemtena
irrigation schemes indicated that most of absentee-land
owners who live in the near by villages/town plant euca-
lyptus trees in fertile lands as it doesn’t need much super-
vision and labour input. Poor/weak organization of the
water committee leads to irrigation schemes to lack clear
maintenance strategy. These could be the reason why
Eballa irrigation scheme was underutilized (Table 4).
However, this development is affecting the farming sys-
tem in general and irrigated field’s utilization and produc-
tivity in particular. Non resident farmers

actually are not
casily accessible and non cooperative during can

al mainte-
nance operations.

To wind up this discussion, it is apparent that at scheme

level. water management issues needs (o be led by WUA’s

and it is their mandate to operate and maintain the system.

water 3 (1)

4: Irrigated field Utilization (%) (average of five
- lmigeo

Figure =
cars, 2009-2013) .
)-—————"'- Scheme Command Irrigated U‘m‘/.hlio,,
ch arca (ha) arca (ha)
1y

—— | (%
80 T ]

e e e ] 93

P
Argeda 01 Diversiol

W Diversion 50 &-m
EE R e 120 8 T
Bedene Di
Alemicna ﬁ 200 276
ors
Iballa LL_P

|| irrization schemes water management problems g, -
All 1rrga ) ’ , '
I i|11;|icale for the need of a well organised WA This
ally . .
a )d also confirmed that efficient water managemen, has
study @ 5 Il in irrioati
enge in 1rigation scheme

a major challeng s of
been found as
the basin.

Oroanizational and management problem especially g
£ =
scheme level observed were:

o Lack of a working WUA; |

¢ Water management problems like cquitable water
use, high water loss due lo seepage as a result of poor
maintenance strategy, uncontrolled water use, vandal-
ism and water theft;

¢ Scheme management issues like lack of struciyrg
maintenance, lack of proper operation of structyres

and lack of ownership sense are the major constrainis
in all schemes.

Poor irrigation scheme water management has been ap
appreciated problem on the four irrigation schemes re-
gardless of scheme design and operation. Due ta non coor-
dination of scheme management, water management prob-
lems have been manifested on designed crop calendar,

proposed cropping pattern, and weak production and pro-
ductivity.

4. Conclusion

The need for production and productivity improvement to

alleviate the challenge of food insecurity in the country
obligates the use of irrigation particularly in water deficit
areas. However, production cam from irrigated agriculture
is below the expected value due to inefTicient scheme wa-
ter management. Generally, water supply unreliability
(68% of all scheme users” observation), unfair distribution
of water (79.1% of all scheme users’ opinion) and timeli-
ness of water distribution (66

% of all scheme uscrs’ re-
mark) are major problems in

all schemes investigated.
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viro? mental dy nges of Sustainability in southern Ethiopia -
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ADstr - yndercone unprecedented ¢ res in Che
f}‘m'f"””"'“” has 11 J-»' ’ ‘”" ST hanges in Chencha and Arba Minch arcas, Southern Ethiopia, during the
: ’ e exist well-establishied land-use ¢y« : ! ‘
ot et e Jerthe ’IL/ T ” w-use systems and a wealth of local experience in maimaining and man-
(G e majorr objective of the s s 35 iy Ty i ‘
enl. i Y of the studhy is 1o explore the dvinamics of enviromment in a chronological and

qpeironi!
entifv trends, driving forces : o
il 8 Jorces and impacts of land use systems, land cover and landscape structures dur-

oncha and Arba Mincl areas. T
L certir) f”l IC";LNF aane ”’-I l)u‘ Minch areas. The methods used in the studv include detailed field and lab inves-
cluding € cf{””g‘l;‘;’: e amage interpretation, interviews and group discussions.  The results of satellite
v i e fron Z [JAN 2 i s . . - R
iv (images from 98 and 2006) show that cultivared land was expanded by 39 % firom 1973 until

iwd per capita decreased enor s ) ; > -
land / cereased enormousty. In the same period of time, grassland as the main fodder re-

y fls"H}‘Lr ¢
,\‘]MH"”’ i
jng e 1
ations 11

1 .
nuge analys

06, bt Jarmitg
L L etk shi o r H0O 8 s ol ¥ : :

e for Jivestock shrank by 69 24 — thus causing a huge deercase in livestack. Simitarly, forest cover shavws a 23 %
i 2 il 2 ', ’ - T L . e .

Jrom 197 until 2006, with the most significan change from 1986 10 2006, Cultivated land scarcity and fragmen-

o ) ] ¥y £ v O g, .
be related to demographic pressure, which was exacerbared by government policy, the land tenure sys-

il

Jecline
cun mostly

fation 5 . iy
[ the nature of subsistence agriculture. Farmland scarcity has already caunsed farmers 1o cultivate marginal land

T
fem, @ s

. . T P . e VT e . . .. . -
oS uml'_/“’.&”/‘-' ccosystems. This coupled with deforestation and cattie grazing in the remaining forestland, resulred in u

Jecline i soil fertility and an increase in soil erosion by water Gullving is one of the common and widespread processes
of erosion in the area. Gully -“.“-""f’”’“ are characterized by the cyelic succession of phases of entrenclunens with aggrada-
ffcmx and with stabiliey and soil formation. The farmers, however, were resourceful and gathered a wide range of experi-
ance and developed skills over millennia 1o cope with the problents associated with population density and scarce re-
sources. Despite the recent disruptions, they have used intensive cultivation svstems, integrating crop-tivesiock practices
ol enltivated diversified crops such as “demaographic” (very productive) and drought tolerant plants. Moreover, ter-
suces were buill along contours, and used — as radiocarbon dating proves — over the last eight centuries, particularly in
Dorze-Belle, Chencha. These indigenous terraces are thus dubbed a success story 1o manage the environment over gen-
crations and as a swvival strategy for life on the steep mountains. Moreover, the people of the area have long had rules
and regulations to maintain the sacred forests, woodlots and stands of trees around the homesteads and in the farm fields.
However, these traditional land use activities and land management practices have been deteriorating recently. Farmers
have been forced to cultivate steep slopes, wetlands, and grasstands, whereas the practice of fallowing and the applica-
tion of manre have declined Land use planners and environmental managers should take local knowledge and innova-

lioin into account i order (o make sound decisions for the future.

I. Introduction and soil degradation. As a response, massive soil water
conservation aclivities were carried out to mitigate land
Agricultural landscapes and forestland in Ethiopia under- degradation, with the assistance of international organiza-
went unprecedented changes (particularly during the last tions (Admassie 2000: Alemnch 2003; Bewket, 2003).
tentury) due 1o the dynamics of political, demographic,
socio-cconomic, and cultural factors (Zewde 1998; Hurni

Was the soil water conservation program with a top-down
approach and a low level of involvement of the farmers in
1993). However, the type, direction and rate of the planning and implementing soil conservation measures
changes have 1o e inVCSI'Euatcd in detail. effective and successful? Have the farmers of Ethiopia
Governnwnml awareness ;nd recognition of the problems been aware of the problems of land degradation, even

of lang degradation in Ethiopia started with the 1970s before the government recognized the problem? Did the

lamine. There was a veneral consensus in the government farmers use measures to halt soil degradation and to man-
¢ [ < =YY . 3 5 ES 3
age forest resources over generations? These are important

thay - : : i
" the famine event was associated with deforestation :
rescarch questions that should be addressed.
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o - ISO
Landscape development and human activities have @

been rapidly changing during the last century in Chencha
and Arba Minch areas in Southern Ethiopia. As a result
soil degradation is prevailed in the area and becomes on¢
ol the most serious threats in terms of agricultural produc-
tion, food insecurity and development challenges. Hence,
an historical investigation of landscape development,
which took place during this period of time, is of a para-
mount importance to provide valuable information for
decision makers, land use planners, and environmental
managers who need to make sound decisions. During the
jpast century in particular, there has been a very significant
development of agricultural landscapes. During this pe-
riod. three different political regimes emerged and de-
ployed different ideologies and differing agricultural land
utilization and land policies. The regime changes were
radical and the impacts were reflected in resource utiliza-
tion and management. Furthermore, population growth
was very rapid. The last century was therefore a period of
dynamic socio-cconomic and political changes, which
played an immense role in modifying landscapes.

On the other hand, farmers have developed and practiced
various traditional mechanisms to cope with the chal-
lenges of population pressure, environmental degradation,
and food insecurity (low productivity) over a long period
of time. However, the agricultural system and the mecha-
nisms against adverse conditions have not gained attention
and appreciation by planners and researchers. For instance
there is an important lack of studies, which investigate the
importance of terracing in the area. ‘

Thus, the study of the long-term landscape dynamics has
multifold significances such as adding scientific knowl-
edge about land uses, landscape structures and land man-
agement. The long-term perspectives of the landscape
management are also guiding efforts towards sustainable
land management systems. Moreover, the present investi-
gation is important since today many cultural landscape
practices are on the verge of disappearance due to cultural
assimilation and integration, coupled with the high dyna-
mism of the political and economic conditions. Further-
more, the investigated area is marked by a high diversity
of physical and socioeconomic environments. For exam-
ple, the altitude ranges within a short horizontal distance
of only 20 km from 1,100 m in the rift valley to 2,300 m
above sea level in the highland. l.e. there exists an enor-
mous diversity in topography, climate, soils and vegeta-
tion in the research area. Moreover, there is also a spatial
variation on types, magnitude and severity of soil degrada-

On the other hand, there is a strong Iinkngc bet
1.

: .

tiof i ‘ Kage bogyg,,

Jand use, landscape structure and the people, Ty o

« ] ] . ok i ] i ;
n important premise (0 investigate site specific ang i

a .

lial interlinking of landscape dynamics.

2. Objectives and Research Questions

r objective of the study is to explore (he dyngy,

ics of landscapes in a chronological and spatia| order |,

identify trends, driving forces and impacts of |ypg lisc
andscape structur it

land cover and | ap ¢s during the

The majo

sysltems, G 2
last century in Chencha and Arba Minch areas, Southey,
Ethiopia.

Specific Research Questions addressed were:

1. What are the trends and patterns of the dynamjeg of
land use systems, land cover and landscape StrUClure
and their driving forces?

2. Why is the recent rate of landscape change s high?

Were there comparable rates of changes in the pagpo

To what extent do people perceive the problems o

soil degradation (sheet, rill and gully erosion, Soil

fertility)?

4. How have farmers responded to the effects of the
dynamics of land use systems, land cover and |apg

structure?

wl

3. Description of the Study areca

Chencha (6° 157 N, 37° 34’ E) is situated in the south-
western highlands of Ethiopia, about 600km south of Ad-
dis Ababa (Figure 1). It is bounded by Lake Abaya in the
Great Rift Valley and Arba Minch in the east and south
respectively. The elevation in the area ranges from 1,100
to 3,200 m a.s.l. Chencha is characterized by diversified
topography, consisting of the rift valley escarpment, high
plateaus topped by hills and mountains, plains, and river
valleys. The rift valley escarpments and the upper fool
slope of the mountains in the highlands above are very
steep and marked by undulating and rugged surface fea-
tures. Mountaintops are mostly gentle to almost flat. The
valleys of the perennial rivers (Kulfo, Hare and Baso) are
steep in the upstream area and flat in the rift valley. The
highlands are well settled and have long been used for
cultivation, while the rift valley escarpments and bottom
of the rift valley have not been used because of the rugged
topography and harsh environmental conditions, namely a
hot climate and the presence of malaria. ‘
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|y average maximum temperature in Chencha s
,”,c'“omh )rrin! in February) and the monthly average
o (0c€Y 1 ;,Aature is 13 °C (occurring in October),
! e mc[corological. measu.rements taken from
pse : '(;9 by the meteorological station at Chencha town,
(070-- e of 2,800 m a.s.l. The mean annual precipi-

elevd .ncha was measured as 1,255 mm, During the
or Ch;riod mentioned above, the annual precipita-
-ﬂsurl‘l > from 756 to 2,353 mm, showing the high inter-
jon vnr'v ability The precipitation pattern is of a bj-
! +. The first precipitation season, locally known
poda occurs from March to June and the peak

ubbit ation of 185.4 mm was measured in May.

A g it
onthly L e lacally & _
m pitation secason, locally known as silla,

d preci
> secol cler The Fioba ;
he * o August (0 November. The highest proportion

Sitation (75%) occurs in the silla season.

m’ClII‘
lﬂl pl‘CClpl

[ annt o iabili ithi
of “_I y, the precipitation variability within the seasons
i arly, ] , T e B sy
SI"l high, with particularly extreme variability occur-
j§ als0 =

1 gabba season. The agricultural activities of the
ring 1

areds follow .
' cropping seasons 1n the area, also referred to locally
wo

s silla and gabba. In silla Season, land is ploughed in
]unu‘fﬁ"." and crops are planted in Jul_v/f\u.gusl and har-
gested in November/December. However, in gabba sea-
) land 1 ploughed in January/February and crops are
pranlcd in February/March and |'Ia1’\'CSt.Cd in June/July.
Gilfa is the dominant agricultural season; it accounts for 65
.75% of the total yields in the area. This is attributed to
(e eccurrence of a sufficient amount of precipitation over
(he required period of time. Additionally, the warm tem-
peratures that come after the planting periods also enhance
the fast growth and ripening of crops. In contrast, gabba is
marked by high variability of precipitation that exerts
Jarious adverse impacts on agricultural productivity. The
leavy shower at the onset of a rain event erodes the un-
cove;'cd ploughed soil and washes away the seeds. Fur-
thermore, the ripening and harvesting of the crops of this
season coincides with the heavy rain of kirmet (the main
riny season) which promotes the occurrence of crops
diseases. also resulting in damping-off conditions.

There are four soil units in the Chencha area: Acrisols,
Alisols, Fluvisols and Leptosols (FAQ. 1997). Among

these, Acrisols and Alisols are dominant. They are formed
s with

(he scasonal patterns. As a result, there are

sol

on rolling mountains mainly in foothill position
slope gradients that range from 5 to 14 %. The parent ma-
terial of the soils is predominantly basalt colluvium. Good
texture, plus high organic marter and total nitrogen charac-
lerize the soils, which are widely used for cultivation.
However, the reaction of the soils is often acidic as a re-
Wl of the leaching by high rainfall. They are also marked

Water 3 “)

available nutrients, wi ']T ey CJUS.CS |0\'\'Crmg onhe
culltivation Acriso;s' ich 'are the main constraints for
CEE & Fonse in PaﬂlCUI?r are marked by vcry low
. - quently the soil has a low potential for
producing high yields. Leptosols occur on upper slopes of
the .mounlains and on the summits, which are significantly
subjected 10 accelerated erosion. Leplosols are marked by
shallow depth and acidity — both are constraints for crop
C-ullivalion. Fluvisols occur in the river valleys, which are
situated in the semi-arid rift valley. They are deep and
consequently they promote moisture and nutrient storage
and release. This situation is strengthened by the loamy
texture. Fluvisols are friable so easy lo cultivate. More-
over, their reaction is slightly alkaline, which is suitable
for the growth of most cultural plants.
The population of the worada of Chencha in 2005 was
127,193 (CSA, 2006). The density is estimated at roughly
336 persons per square kilometre. Scientific investigations
prove that the area has been settled since at least 3360
years cal B.P. (Arthur ¢f al., 2010). The area is in the cen-
tre of the region GamoGofa, which is divided into 40 dere
(small discrete political units). Olmstead (19753) estimated
that 3,000 to 35,000 people were living in the area at the
end of the nincteenth century. Dere were governed at that
time by general assemblies which were represented by the
high priests, known as Kao. At the end of the nineteenth
century, however, the region was incorporated into Ethio-
pia. The main economic activity of the area is subsistence
agriculture. People mainly cultivate enset, barley and
wheat. To a lesser extent they also grow maize, teff, peas,
beans, potatoes and tree cabbage. Enset is the staple food
in the area and central to the subsistence agriculture. Rais-
ing livestock is also an integral part of the economy. Off-
farm activities include weaving and small-scale trading.
The traditional house is made from the stems and leaves

of bamboo and looks like an upturned basket
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4. Methods (Overview)

Multi- and interdisciplinary research metheds and a ho!iS-
tic analysis have been involved in collection, organization
and analysis of both the historical and contemporary data
on the land use systems, land cover and landscape struc-
ture from gcoarchives, laboratory analysis, remotely
sensed images, public, agencies and documents. Detailed
field investigations and measurements on soil erosion and
deposition processes in a chronological and spatial order
have been carried out. Charcoals samples have been ana-
lvzed and dated.
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Figure |: Location map of the study area

5. Results and Discussion

5.1 Forest and agricultural landscape dynamics
Trends of deforestation since the 1970y

The result of satellite image interpretation depicts that
forest accounted for 32%, 24%. and 9% of the
mvestigated area in the years 1973, 1986 and 2006
respectively. The downward trend in forest cover is a

water 3 (1)

widespread phenomenon in  subsistence agriculture,
characterized by an increase in the demand for cultivation
land and for fuel wood. This result is also in line with the
reports of various studies which were undertaken in
different parts of the country. For example, Dessie and
Carl (2008) have demonstrated a decline in forest extent in
the Awassa region, southern Ethiopia, from 16 % to below
3 % from 1972 until 2000.
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¢ a particular episode in Ethiopian listory
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[ ol the 1990s. During, this time, there

W
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Jitical upheava
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" radical governiient  transibion: the  present
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vernment ook over from the Derg (1974-1989).

upv Lo X ;

£ the informants ol the current study, this

According 10
asition time WS
The principal re
land fTor cultivation. Trees were also

ra accompanicd by a massive destruction
ol forests.
was the demand lor
felled on a large seale for firewood and timber production.
(here were only loose institutions and

ason for the clearance of forests

A this time,
sovernment legal frameworks to control the forests. This
rance was also an expression of the

massive forest clei
the allorestation progran

pimers dissatisfaction with
which took place during the Derg regime.
Larger-scale forest clearance ook place in the lowlands
compared to the highlands. This was attributed to the
recent movement of people to the Tow lands for scttlement
and cultivation. In the past, scttlement in the lowlands was
ihibiled due to the prevalence ol malaria and
ypansomasis, a discase that aflects cattle. Improvements
i health facilities and the decline of malari and
ypansomasis in the arca were therefore the major factor
for setlement and cultivation. Similarly, the agricultural
l“"d‘l“-'\pansion and permanent settlement in - the recent
Pastin the Ghibe vallcy, southwest Lthiopia, was also duc

W the eliminat; . . 3 ;
¢ elimination of trypansomasis in the arca (Reid et al.

200 . . :
0). On the other hand, minor changes mm the size ol

::);IC_EISC;'L]IS1]:]E highlands since the nid twentieth century
Ontaine L. Py I(‘)Il‘:',-lCl‘I-ﬂ scettlement Ill- the arca lh‘nl
Silabify ;‘0.51 Ul- lhc’: forest land, which fJuc 1o 1ts

¥ for cultivation and it alrcady being al the

disp
osal of far . : : :
Al of farmers, led to its carly transformation into
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cultivable land,

The changes of Torest land in the highlands were marked
first by the felling of trees using mainly axes  from the
adjacent areas of the forest boundary, followed by a select
felling of trees inside the forest, Then the adjacent land 1o
the forest was brought (o cultivation or used Tor grazing

Seleet felling of the forest land caused a thinning of

forests and ultimately this land was converted 1o prazing
Laind and then to cultivation, They sometime set lire to get
clear the Tand for cultivation and to get better grass lor
cattle prazing inside  the forest, At present, this same
process has also occurred at the middle altitudes, mainly
on the escarpments, T the fowlands, Torest land has been
cleared sinee the 19705 and then cultivated, as reported by

the informants.

Tremdy of agricultural landscape
Cultivated lTand has increased enormously over the last

four decades, However, there was no conlinuous lincar
and 1emporar-

increase over this period of time (spatially &

ily). Houschold holdings of cultivated land have decreased

over time despite
land in the highland, A large number of frag-
mented Tandholdings is also a prevailing feawure of the
¢ number of ficlds in fragmented culti-
the upper

an inerease of the extent of total acreage

ol arable

arca, The averag
and arcas is estimated at about 5.0 in
4.0 in the middle highland, and 3.7 in the low-
and crop

vated |
highland,
land. Morcover, the diversity ol crop species
a has also changed during the last dec-

varietics in the are
ol crops were introduced while exist-

ades, New varicties
re modilicd or disappeared. The diversifica-

ing crops we
d and in some cases has

lion of crops has also been reduce
| by mono-cropping. As to the trend of agri-
ity in the highland, the majority of the
¢ is a decline of productivity at

been replaced
cultural productiv
farmers responded that ther
a high rate compared to forty years ago. Similarly. there is
a significant downward trend in forest cover change in the
area since the 1960s. However, the pattern of decrease in
forest cover in the study arca was not uniform over Hme

and space 0wing 1o various reasons.
5.2 Driving forces of landscape dynamics

The most cited factors that causc deforestation in the study
arca are agricultural land expansion, fucl wood demand
and settlement. According 1o the informants in the high-

land, the main reasons for agricultural land expansion are

Jow agricultural production and population  increase.

Population growth is among the main causes for the scar-

city of cultivated land in the arca.
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acule over

« The problem of land scarcity has been very
buted

time, since the existing land was shared and distri
mainly to the male children. Fuel wood demand is another
chief cause of deforestation since the fuel wood is also the
main source of energy lor the surrounding towns, namely
Arbaminch and Chencha. The lowland was covered by
forest till the mid-twentieth century. Agricultural practices
in the lowland started in the recent past and resulted in
intensive forest clearances. One of the main reasons for
deforestation in the lowland is settlement, which in turn
was caused by different factors such as the decline of ma-
laria, high population density in the highland, government
policy, and the expansion of commercial farming,

The lowland was covered by forest Lill the mid-twenticth
century. Agriculiural practices in the lowlands started in
the recent past (Jackson 1972) and resulted in forest
clearances. A small number of semi-settled farmers were
growing crops using the alluvial soils along the river
delas sinee the 1950s, according to the informants,
Furthermore, the farmers from the highlands moved to
lower altitudes for cultivation practices during the day and
returned to the highland during the night. They were
mainly growing maize, which was sold to the highlanders

L=

T i

Figure 2: Sacred forest in Chencha area
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use : ;
(Ld for house construction, as well as the establishment
of fe " i i G
fences. Additionally, it has spiritual signilicance
(Cartledge, 1995).

Pcspilc this, bamboo is currently declining rapidly in the
investigation area, in terms of both extent and in the size
of the individual trees. In the past bamboo was allowed to
e for long period of time, while at present carly felling
is common. This has also caused a change in the type and
shape of houses. Duc to a lack of bamboo and grasscs,

rectangular houses constructed with corrugated iron are

replacing the upturned basket form of traditional houses.

Similarly, the dominant species of swamp and shore

vegetation along the lakeshores.

ation and

5.4 Perception of landscape deterior
Traditional knowledge

ol the farmers have a wealth of

the severily, dynamics and
Farmers

Nevertheless, the majority
experience in identifying
and soil fertility decline.
of grazing
stock.

causes of soil crosion
were also aware of the seriousness of problems
land deterioration, which affect the raising of live
Nearly all surveyed farmers mentioned feed problems as a
result of increasing grazing land shortage. The majority of
the respondents are aware of the problem of forest decline.
Despite the recent disruption farmers have developed a
-anee of local strategies as a response 10 demo-
ces. These include culti-

nsel), growing

wide 1
graphic pressure and scarce resour
vating drought resistance plants (such as ¢
integrating crop-livestock prac-

diversified crop varieties,
tices of

bandry, and the recent prac
is a drought resistant plant
nt of food per unit arca than
are about 48 plant species,
Intercropping
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cash crop cultivation. Enset
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most other cereals. There

used as food for
rent crops on the same field in the same

o grow these crops. Inter-
a due to the various
n

which are humans.

(erowing of diffe
season) is one of the systems 1
as been practiced in the are

that overweigh mono-cropping systems
agriculure. Livestock tending is the main
1 the area. It has
ogical role for a

cropping h
advantages
small holding

integral part of the agriculture system if

played an important economic and ecol
[ time. Beside crop growing and livestock

long period o
caged in various off-

tending, very few housecholds are en
farm activities. These activities would
te a complementary income and would se
e with resource constraints. Traditional forest

nother salient feature of the land

enable them to gen-
era rve as a strat-
egy lo cop
management is also a
management practices.



Forests. woodlots, and stands of trees around the home-
stcads and in the farm fields, along with the cultivated
land prevailed in the study arca. Farmers integrated lreﬁ’..S
with crops in cultivated land as they are awarc of the vari-
ous economic, environmental and social significances far
the people. Namely. they are important for daily diets (e.g-
moringa), as sources of cash crops (€.g. coffee) and they
also provide fuel wood. Trees are also important for b?c-
keeping (apiculture). These trees are also a source of 1'?‘
come during crop failures; cash from the sale of wood 1s
used as insurance. Along with their use as fodder for live-
stack, trees serve as shade during the high sun time when
the land is used for pasturing. The people are also aware
of the environmental significances of trees, such as main-
taining soil fertility (e.g. Erythrina, Hagenia, and Crotone)
and acting as barriers for surface runoff and soil erosion.

Farmers have developed and used various traditional man-
agement practices evolved over the course of time. The
main practices for boosting soil fertility are manuring and
crop rotation. These practices play vital roles in boosting
macronutrients such as nitrogen, phosphorous and potas-
sium in the soils of the area. Manure also contains addi-
tions to the minerals that are exported by crop harvest
every year. Besides, organic matter is very important in
maintaining the soil structure. Moreover, along with soil
fertility management practices, farmers have also used
indigenous terraces. Radiocarbon dating of a terrace from
Chencha-Dorze Belle has nrovided evidence that the
stonewall terraces have been part and parcel of long-lived
avricultural activities in the region, over eight centurics.
These terraces have various uses, such as runoff reduction,
soil erosion control, and landscape alteration. The long
term continuous usage of the indigenous terraces is attrib-
uted to social commitments, the structural features of the
terraces and the farmers’ responses 1o the dynamics of
social and cultural circumstances. Farmers also acknowl-
edeed the advantages of the indigenous terraces compared
1o the introduced terraces. They suggested that the indige-
nous terraces are environmentally suitable, socially ac-
ceptable and economically feasible.

All these locally developed, long-term sustainable land
use systems and land management techniques in the-study
area suggest that the agricultural system has been charac-
terized by a high standard of land resource management,
providing food and material resources to the inhabitants
over centuries. Moreover, the local peoples practices of
c.z. forest management and preservation show the peo-
ple’s identity and sense of place and their harmonious

water 3 (1)
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clationship with the forest. The significance and

m
senous land management such as " Or.

tance of indi Stally.

ion and use of terraces lies beyond their CONtriby;

§ 10n lo

Jand pl‘oduclivily and economic signilicance,
It is dubbed a success story in which people invesieg thej
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skills, labor, enerey and knowledge in Construeyj,

: L
aces in order to manase the environme he
< .

terr ehigver _ M Over gengry,
tions. The spccaﬁc indigenous terrace systems gre 2 my
; s

part of the cultural landscape, which is unique ot only i

i . r
the region and Ethiopia, but also on a glabal scale. Thit
there is a strong necd to preserve and develop thig impor'
\ant cultural heritage and example of sustainable lang yg,
and living. Thus these practices should be Promoteq gy

advanced.

On the other hand, there will be a loss of traditiong| lang
management practices, of the people’s identity ang their
cultural heritage. The recent changes include reduction
and abandonment of fallowing, modification ol crop ropg.
tion and large-scale reduction ol manuring. The resilience
of the traditional practices for livelihood requiremens is
the main driving force for the changes. Furthermore, de.
spite various attemplts by government, sheet erosion ang
cully development remain rampant. The top-down of
planning and the negligence of the traditional knowledge
are the main drawbacks. The questions to be addressed are
therefore how can soil degradation such as gullying be
avoided or at least reduced drastically under the condi-
tions of a densely populated and intensively used area
with sensitive soils and steep slopes? Watershed manage-
ment that is based on grass root level community partici-
pation from the conception phase to implementation and
maintenance is recommended. Site-specific attempls Lo
address the problem should also be considered. In the
planning, along with soil and water conservation meas-
ures, there should also be some strategies to release popu-
lation pressure and fulfilling the livelihood of the people.
Therefore environmental and land-use management plan-
ning should not only consider the rehabilitation of land but
also address the main attributes of local management fe-

sources, mainly their impact in raising agricuhura] pro-
ductivity.

6. Conclusions

edto
20s¢
1l

The downward trend in forest cover is mainly attribt
agricultural land expansion, as a response 1o the i“C_r
of population and the decline of agricultural producti®
the area, as expressed by the farmers.
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Figure 3: Terraces of Chencha- Dorse Bele

The increase in the demand for fuel wood in the area and
1g towns, which heavily depend on fuel

in the surroundit
wood for encrgy consumption, is another chiel cause of

deforestation. The recent settlement and cash crop farm
espansion in the lowlands also resulted in the massive
cearance of forests. Government upheavals, land tenure,
and absence of continuity in forest policy have also
compounded the factors for deforestation.

The dynamics of land management arc also aggravated by
lnd tenure systems and the government agricultural
policy that banned sale and purchase of Jand. Since the
land has been state property since 1974, farmery, fear to
invest in long-term soil water conservation measures, as
the land might be taken by the government and
redistributed to others. The top-down approaches towards
s0il water conservation design and implcmenlalion did not
tonsider the significance of local land management
k“m_\"ie‘jge and practices. The low attention paid to
lgrl"a[;;_::g land management, compared
out Onsmq(g lal ea, further research needs also to be
on, Thpe‘ O!dand uses and. 1-}]EII"II11pElC!% on 59|| de
land use i gullies are vxslbl'e in 'area mdlcalu?g lhe_past
(he i‘“pactgpafm& AMOIreover, it is important to |n.vest|ga(e
Such as gy O. old 1"d|$enous terraces on nalural‘lcsource-s
soil properties, and carbon sequestration. Deci-

carried
grada-
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v\b.\‘tr:lct y ﬁ.mucmlv ocenrring natural disaster in Ethiopi ;
- the MOST. - ) ‘ hiopia. Climate change may further inerease frequency and
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i . - aeross the conlry, However ] )
1o 0f ﬂomh acl ] er, flood has not received the research attention it deserves particularly

”lL . " . .
e ; ) Ethiopia. In this study, we assess ) }
! 1o dr ought 0 / v, we assess people’s perception of climate change and experiences of adap-
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e . il with floods in the ltang distric .
ol pieastre? l (h_‘“’ . ’,b{” o 10 the Nil ?e‘dm' ict of Gambela region in Ethiopia. ltang is sitvated in the floodplain
9 4 ary’ o > sy . .
Jis al! g e Nile River. Data for this study was collected through quantitative survey of 431
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( us group discussions and key informant interviews. Descriptive statistics were applied in this stucy to
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1. lntroduction

Cihiopia has been affected by recurrent flood and drought
i jeopardized the livelihoods and well-being of millions
of raral and urban dwellers. Flood is one of the most se-
natural disasters that have occurred during the last
It is comparable with drought in terms of fre-
acts on people and economy. Flood
atural disaster in Ethio-
igher than the

were
century.
quency as well as imp
is the most frequently occurring n
pia with 1,43 events per ycar, which is h
incidence of drought that account for 0.32 cvents per year
(EM-DAT, 2010). Flood also represents the second severe
form of natural disaster, being preceded only by drought,
in terms of the number of people it affects and the eco-
nomic damage it causes in the country. However, studies
ofien deal mainly with drought (Conway 2011; Bryan ¢t
il 2009), while paying little attention to the problems of

Nood. The problems of flood are multidimensional. It af-
business ac-

Tects well-
It also de-

lects livels : i
fC}s livelihood and economy by disrupting
lvitie e N
b lies and destroying crops and livestock. It af
einy as it off ; .

2 as it often leads to health deterioration.

Slrovs v . ¢
% valuable infrastructure, thereby retarding develop-
ent.

Flood ; .
d is affected by climate variability and change. Cli-

:::lf c?ﬁ:g:i is‘“kﬂ)’ EO alter flood frequency ?l\d magni-
(GCMs) Suu‘:dillgs of many Globall Circul.alion'M(.)(’iels
¢ affﬁuedccbes_[ that the Eastern Africa region will likely

v changing climate in the future (IPCC,

Mter 3 (1)

irative survey. Nine Snc .
the quantial avey.Nine out of ten respondents believe that there is significant increase

-farm activitics such as migration, se

' o nol efjective {0 the desired extent in dealing w
L=

in flood du-

frequency over the past two decades. As a resuli, many households experienced a severe decline in crop
past wenty years mainly due to recurrent flooding. Nearly half of the surveyed house
To deal with floods, a considerable nunber (g/'/rorusc/zo/cl.s' practice
lective herding of livestock and live

d adaptation measures hut
Jihood diversification. The

ith floods due to limits 10 houscholds’ adaptation capacity.

yvention is, therefore, necessary lo increase households® resilience to climate change in Jtang.

hich is projected to affect the
not only in the form of
lso in the

2007). The climate change w
region is expected to occur
changes in average climatic conditions but, 2
form of altered climate extremcs such as dr

flood. [t is assumed that precipitation change, rising or
n the Nile

ought and

falling precipitation magnitude, will happen i
basin region. Studics indicate that average precipitation in
the Nile basin may decrease by up to 22 percent or in-

crease by up to 18 percent towards the end of this century

(Beyene et al., 2010).
It is expected that the floodplain of Baro River may en-
counter a changing flood situation. The plain of Baro

River which is located in the Itang district of Gambela

region in south west Ethiopia is one of the flood prone
areas. Studies focused on this basin suggest that a flood

event with return period of 100 years in the base line pe-

riod is projected to have a return period of 20 to 50 years
in the 2080s time horizons (Haile et al., 201 3). This shows

in the future the risks of flood will likely increase in
as it is situated in the Baro

the need to enhance

that
the ltang district of Gambela,

floodplains. This situation calls for
ur understanding of the impacts of flood and people’s

coping and adaptation mechanisms. This requires a care-
ful examination of people’s experiences with flood: - how
flood has impacted people and how people have tried to
cope with and adapt to such circumstances.

0
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Understanding such experiences by examining the im-
pacts of flood along with people’s coping and adaptation
measures is important to successfully deal with future
lood events,

This study assesses people’s perception of climate change
and experiences of adaptation measures. It seeks to iden-
tify adaptation measures at household level. The study
arca is the ltang district of Gambela region in southwest
Ethiopia. The study area is situated around the Baro flood-
plains. The people of ltang are exposed to recurrent flood
due to overtopping of the Baro River and excessive rain-
fall that causes flash floods. The riverine flood in Itang
occurs gradually and stays on the ground over a period of
three to four months. On the other hand, the occurrence of
Nash floods is often sudden and short in duration. How-
ever, this incidence of flood involves a very severe im-
pact. Increased severity of flood in terms of frequency,
extent, depth and duration is causing the deterioration of
the livelihoods of farmers and livestock keepers in ltang.
For instance, such people are affected through loss of
standing crops and death of livestock. It is particularly
exacerbating the vulnerability of residents who are already
in poor state of living condition. By examining experi-
ences of adaptation measures vis-a-vis climate change
impacts, the study will enhance the understanding of ad-
aptation to flood at the household level. It will also con-
tribute to efforts that seek to increase houscholds’ resil-

ience to climate change.

2. Conceptual notes on preventive, coping

and adaptation measures

Climate change exacerbates the severity and frequency of
flood and this situation concerns many people due to its
impact on a wide range of sectors. Changing floods can
result in deterioration of health status, reduced productiv-
ity and threaten survival in different ways. Such impacts
can be most severe at a household level, particularly for
the poor with limited resources to deal with the impacts.
People who reside in flood prone arcas try to deal with
impacts of flood through various preventive, coping and
adaptation measures. Commonly, these measures are not
fully effective because of limits to households’ capacity.
Preventive measures can include short term practices such
as cleaning ditches as well as long term measures such as
changing house construction styles and constructing
dykes. However, protection structures usually give a false
sense of security in that such structures may not withstand
flood events induced by climate change and variability.
Besides, such measures can become expensive for some
areas such as extensive floodplains which are affected not

water 3 (1)

CGener at ed

only by riverine floods but also by flash floods.
Preventive measures are I?Ol ﬂ‘l“’ﬂ)’S adequate 1o avojq
flood impacts. This situation forces pi:opl? 10 conside,
coping measures. Coping measures often involye shor
term response 10 unexpected eve.nls. SUCh‘FCSpousQS may
include selling assets, income.dlvcrsxﬁcntlon and Chang.
ing consumption patierns. Co;?mg measures are shoyt lime
oriented in terms of dealing with impacts. But, resorting (q
unplanned coping measures can Cm_j up eroding householq
resources and exacerbate vulnerabilities (Opondo, 2013),
At the level of the individual adaptation for many pegpe
is primarily a matter of survival strategies to deal wi, the
effects of rainfall variability (Conway, 2005). Adaptaig,
was defined by Warner et al,, (2012) as longer-term re.
5ponscs to more gradual changes and therefore constitygeg
measures that are planned based on experiences. Hoyse.
holds who have developed adaptation  mechanismg
through long-time experiences can adjust their situations
in the face of adversities. Such houscholds are equipped
with better enabling strategics to deal with the ensuing
impacts. Thus, adaptation provides a better enabling
mechanism than coping to deal with the impacts of recur-
rent calamities.

The main objective of this study was to assess people’s
perception of climate change and identify adaptation
measures at household level. The study will enhance the
understanding of adaptation to flood at the household
level, thereby contributing to efforts that aim to increase
households’ resilience to climate change.

3. Description of the study area

This study was conducted in ltang woreda of Gambella
regional state (Figure 1). The Gambella People's Regional
State (GPRS), located in south west Ethiopia, is bound by
6°28'38" to 8°34'00" North Latitude and 33°00°00” to
35°11°1 1" East Longitude. The region accounts approxi-
mately 2.7% of the surface area of the country. It is ad-
ministratively divided into twelve woredas and one spe-

‘cial woreda called Itang.

The Itang Special woreda encompasses 21 Kebeles with
nearly all situated in the floodplain zones of Baro river
basin. Itang covers an area of 2.188 km?> with a total popu-
lation size of about 42,000. The Itang town and most of
other villages are located along the left and right banks of
the Baro River which provides ecological importance and
sources of livelihood to the inhabitants. During high flo¥
period overbank flow from Baro River as a result of lin-

ited natural channel capacity, inundates major portion of
the villages.
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Figure 1: Map of the study

shows the region and (he right hand side shows the

4, Methods
The study was conducted using a combination of methods
including Focus Group Discussions (FGD). Key infor-
mant interviews and Quantitative houschold survey. Four
Focus Group Discussions (FGDs) werc undertaken with
various community members, FGDs for men and women
were done separately as well as together. Discussions
were also conducted with expert group consisting of
‘Cy?'C!lérs. health officers. woreda officials and others. The
Tc"c‘(’:l:;lll;lil:ls) were sclected from a wide range of age and
iy ,Lf(OII.!) ‘(pcll.\' busincss \\'omc‘n. ITousc workers.
o, li](r:)d(sl oralists. and f]gro-;');lleI’;?llsl) in order (o cn-
cbate. The discussion with cach group was
ompleted wihi sct ,SS g B I,
an iney o ,].m '(»() 10 90 mmulcs_.ln {otal 20 Key ml"or;
(he COlmnunn\-s \;]crc conducted with clderly mcmbt?rvslo
Olders (gO\'c}‘ ood afl'cclgd p'coplc. and other stake-
i, o 'rnmcnlal organizations and
Volved in flood related activitics)-

“"“l‘r3 “)
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arca. The map on top of the left hane
[tang arca. (Source: Haile et al..
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nber of houscholds surveyed o (his study
cach Kebele was
lo severity of

The lotal nut
The houscholds® distribution in
wimelu
he nein river, sur-

was 431
fixed based on a set of ceriterian (hi
Moading as measured by distance 01
Pill Kebele was entirely

face arca and size of population.
criod, For (his

inundated during the houschold survey p
Jed in this study. Descriptive sta- :

reason. it was not inchue
is study 1o report results ol the

istics arc applied in th
quantitative suncey.

5. Results

challenges fron combina-

Livelihoods in ltang involyve
drought and heal Waves)

vic (such as Mood.
netors (heavy dependence on market.
and meaper subsistence
housc-

{jon of clim
and non-climatic [
limited income generaling options
The crop production ol many

crop cultivation).
their own food consump-

holds is nol sulficient (o cover

tion, Conscquently. @ large number ol people depend on

market supply for houschold food consumplion,
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The sunvey result indicates that ncarly half of the surveyed
houscholds acquire 30 pereent of their food consumption
from the marker Buying food from the market. particu-
larly for con cring such considerable portion ol houschold
food needs is not an alfordable option for many people.

includingvreduction of meals. For instance, the 1o
suncy indicates that about 85 percent of adul(g
percent of children in Itang cat only twice 3 ¢
ure 2).Such limited number of meals per day
bate vulnerability to discases such as mal

Useholq
and 7
4y (see Fip.
° SN exaegy,
ariy dUring ﬂOod

This sitation ofien leads 10 reducing food consumption  periods.
é 100 ].* §3 W
= S04 20 O Adult (%) -]
& oo} | B Children (%)
=
o 77
£ ol 13
P ? 2 2 1
Once Twice Three imes > three times

Figure 2: Number of meals per day for adults and children (Y-axis shows % of houscholds with specific number

ol mcals per day)

0O Once or twice

Figure 3. Percent of houscholds that experienced specified number ol vy

Food shortage has been experienced by many people in
[ang and respondents associated this problem with Mood
and drought events: Nincty six percent of the respondents
stated that they experienced severe Tood shortage in the
year 2011/12 They atnbuted this problem (o prolonged
and extreme flood events that hindered crop production.
Food shortage has been a concern i rerms ol 1ts inpact
o many people as well as its recurrence over (e ACUTS.
Almost all houscholds hin e experienced food shortage in
the Tast en vears (see Figure 3) Indeed (here hine been
variations: some have experienced more or less shortage
of food than others Nevertheless. nearly half of (e
houscholds faced food shortages cvery wo years e fMive
thmes in (en years. Our sunvey result shows that the main
rcason for such food shartages includes recurrent Mood or

water 3 (1)

AN

O Tnree or Four times

oFie times

\\\\i\\\ﬁ &> Firetimes
N

_

11s of food shortage in the past 10 ears

drought duc 10 variable weather condition. late onset of
ramy scason and prolonged rainy/dry season.

Climate change

Changes in climaie along with ensuing impacts have been
reported by people i ltang. Focus group discussion par-
ticipants ang key informanis stated that the nature of
Mooding in long has substantially changed over the past
twenty vears, There g wider local perception regarding
this changing situation. Data from (he houschold sune?
also supports (his locy] perception. Nincty percent of Sif
VEN respondents perceive that (here has been a significant
nerease in food depth and extent. involving new arcis
which are inundaled annually,
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-F inundation in Itang dye .
Figure 4: Flood g {0 overtopping

oy informants as well as FGD participants also indicated
ey . o .
¢ duration of flood increased substantially ang the

pat (h
: of this change has been severely felt by people in

impact

[tang- o .
ji was learnt from health professionals in lang that the

jealth impact of flooding is directly or indireclly affecting
many nouseholds. This was also reflected in our survey
results as 65 percent of respondent households stated that
their health situation deteriorated due to changing floods.
common flood related diseases in the study area include
malaria, diarrhea and skin diseases. The changing situa-
jion of flood has also involved economic impacts, . Ninety
-one percent of the respondents who perceived changes in
floods reported that their overall economic situation has
continuously declined due to changing flood characteris-
fics.
Recurrent flood in Itang is annually disrupting income
generation activities as well. Large number of respondents
(86 percent) experienced a severe decline in crop produc-
lion over the past twenty years, as floods affected crop
cultivation, repeatedly destroying standing crops and even
damaging stored grains. Farmlands of some households
are abandoned due to annual flooding.
Flood also affected livestock keeping in the area. More
than 60 percent of the respondents that keep livestock in
the area stated (hat increased flood depth and its long du-
fation severely affected the practice of livestock keeping.
'l,\cco"di“g to FGD participants the impacts of flooding on
"YESlock keeping include inaccessibility of grazing land,
disease outbreak, loss of productivity and death of live-
stock. Althoughy the impact on livestock is primarily felt
by livestock keepers in the area, it can also affect the live-
Yock economy in the country. This is likely when consid-

Water 3 0

-

of Baro River in September 2012

eri ; :
flr?g lh%lt Gambela js known as one of the livestock rich
regions in Ethiopia.

Adaptation

Households in Itang have variously attempted to adapt to
the changing situation of flood. Fifty-six percent of the
households invalved in crop cultivation and perceived
flood change stated that they have practiced at least one
adaptation measure, Adaptation measures practiced by
such households vis-a-vis climate change include in-
creased involvement in new economic activity, expanding
existing non-farm or non-livestock activity, increasing the
number of housechold members engaged in economic ac-
tivities, and seasonal migration to other areas. Despite the
adverse impact of flooding on crops, only less than three
percent of the respondents attempted to improve crop cul-
tivation practice by changing crop type, applying irriga-
tion or modifying farm techniques/inputs. On the other
hand, temporary migration is found to be a common prac-
tice to adapt to changes in flood characteristics. Half of
the surveyed households temporarily migrated out in
every flood season. There have also been adaptation prac-
tices that involve changing house construction styles and
constructing barriers in response to changing flood situa-
tion. People modified the construction of houses by ele-
vating floor levels (see Figure 5) and constructing bound-
ary walls for the house by using easy to maintain materials
such as dried grass, bamboo or wood. Livestock keeping
has also undergone some changes, involving selective
herding. People who live close to river banks raise small
animals which are easy to move during severe floods.
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Figure 4; Elevated floor level to block floods from entering into a house in Itang woreda

The adaptation practices are not, however, sulficient
enough to manage the problem of flood. A significant
number of respondents (96 percent of who applied adapta-
tion measures) expressed that the adaptation measures
applied by their houscholds were not sufficient to deal
with impacts of changing flood. Several reasons were
given for houscholds’ inability to develop adequate adap-
tation capacily to deal with increased fMood severily. The
most commonly mentioned reason was lack of financial
means to mmplement adaptation measures. This was re-
ported by more than half of the respondents. Insufficient
labor force in the houschold was another reason men-
tioned by 24 percent of the respondents. Sixteen percent
of the respondents indicated they belicve that flooding is a
natural process that cannot be prevented. This may be
attributed 1o the low level of literacy in the study area.
Itis commonly expected that houscholds who altempt to
adapt to changes will be involved in more cconomic ac-
tivities than those who did not make any attempt,
However, our survey result shows (he contrary. The
houscholds that took adaptation measures were involved
in two income or food generation activities on average but
the average number of economic activities for the house-
holds who did not apply any measure is slightly more
(2.5).The dependency ratio is calculated
number of cconomically inactive household members
(<18 and >65 years old) to number of economical active
members (18-65 years old).In the houscholds that tried to
adapt, the dependents were more than those who are ip.-
volved in ecotomic activities (dependency ratio is 1.3).
However, the number of economically active members

water 3 (1)
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as the ratio of

and the number of dependents is the same

in the hoygp.
holds that did not attempt to adapt (de

pendency ratig g
I.3). This suggests that the larger the number of depend-

ents the more a houschold will be forced 1o apply

d adapla-
‘ . . i . 4
tion measures to deal with impacts of changing clij

nale,

6. Conclusions

We assessed people’s perception of climate change and
experiences of adaptation measures 1o deal with floods in
the ltang district of Gambela region in Ethiopia. Qur
analysis was based on quantitalive survey of 431 house-
holds, focus group discussions and key informant inter-
views. There is wider belief by respondents that flood
magnitude, duration and frequency has increased in ltang
as a result of climate change. Such changes are alfecting
livelihood and wellbeing of the people of ltang. Although
the impact on livestock js primarily felt by livestock keep-
ers in the area, it can also affect the livestock economy in
the country since Gambela is known as one of the live
stock rich regions in Ethiopia. Respondents said that ¢roP
production has substantially reduced over the past ?0
years and they related this to increased flood Se‘{mly'
Almost all houscholds experienced food shortages 1" ”?e
last ten years with half of them experiencing it every i
years. Adults and children eat only twice a day a3 c.rop
production is noy sufficient to meet food cOﬂS”mp“Ol-‘_‘
Fifly-six percent of the households involved in 0P cU:L
vation and percejved flood change stated that they
tempted to adapt to the changing floods.
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A Saga of Status quo and Ethiopia’s gutn

to Cooperation in the Nile Basin

¢ g 7 Arsano
A power point presentation by Dr. Yacob /

I. The Nile Basin: An overview .

¢ Lncompasses Northeastern and Central Alrica

¢ 1/10" of Africa st atig

¢ Connccts 11 riparian countries:  Bu, DJ{C I"'h," e
Rw. Ta & Ug in upstream (7) Sudan, Eritred &S
Sudan in mid-stream (3)

Hydro-diplomacy .

¢ Management of relationship between IHIIIOIIS:. .

¢ Skill in handling afTairs without arousing h‘““'”%‘;

¢ Artand practice of conducting international r.cl.’lllﬂﬂ\'-
as i negotiating agreement, treaties, and salliances:

[y dro-diplomacy: a complex arena of interaction be-

wveen riparian nations on the utilization, management and

protection of shared waters.

I Unity of the Nile
Permanent ow;
¢ the condition for the continuous Now: humidity, heat
and precipitation in the upstream
¢ Change ol state boundaries or political systems does
natand cannot change the flow of the Nile
¢ I'he Nile is a permanent bond between upstream and
downstecam countries
¢ Any pereeption of exclusive possession of the Nile
becomes futile and contrary to the unity of the Nile
Upstream
¢ litle utilization to-date
¢ Increasing need and potential for Nile use
¢ Downstream
I The paradox of the Nile
-Nearly total dependence on the Nile flow
-claim exclusive possession ol the Nile waters
The paradox of the Nile: a challenge for the hydro- di-
plomacey?

IV. Control and Hegemony on the Nile?

Chanaing Hegemony

¢ Pre-colonial era the Turco-Egy ptian drive ol con-
quest and control of upstream Nile: 18205 onwaord

*  Colonial eraz Nile as a factor in colonial diplomacy in
their scramble for Northeastern Africa (cz. 1891,
1906, 1923)

¢ “historical & natural rights™ (since 1929): A sa
hydro-diplomacy of the Nile

+  Post-colonial hegemony: Sudan-Egyvpt
tion of the waters of the Njje™ ( I‘)S‘).)

¢ Untenable leua

caof
“full utiliza-

¢y ol Hydro-diplomacy of the Nile

VL Status quo as obstacle (o N

usq ile cooperation
. Historical and natur

alrights™ impediment for Nile

walter 3 (1)

aration
cooperatiolt - iR S S ¢
«Full utilization of the waters of the Nijje+.

i . i 0Nty
(0 unity of the Nile and shared ow nership Or[hm.,
2 Cy.

ers - e
status quo : as necgotiation position by [3.‘,‘.1)[ &y
N x - . et M.
The Nile upstream nations: negotiale for eq“ilabgwn
C&

reasonable

VI, Upstream rcsptfnsc against status quo
1. Ethiopia’s rejection Qfsl:nus quo

“\We have alrcady eaplained the pl:m‘q are und
lion to utilize our rivers as an csscnlla.l SEp in g &
of agriculture and industry, i

or Coﬂ)‘[p

C ¥8

.

is of p, 3
opment sl bl e of Paramy,,
importance 10 Ethiopia. a problem of firs order thar I;A
waters of the Nile be made 1o serve the life ang hecds .
our beloved people now living and those who wjj foll

R

¢
vi

us in centurics 1o come. However, ;cncruli_\': Ethiopis My
be prcp;ucd 1o share |I_ns trcm'cud(m_f. cod given wealth ‘V.{
hers with friendly nations ncrghbo'nn_g upon her, f, b
lite and welfare of their people, it is {E!hiupia's s::.r'
duty 10 develop the great watershed which she posse
in the interest of her own rapidly expanding popul
and cconomy. To fullill this |:J.sl.;, we have arranged
the problem to be studied in all its aspects by expens iy
the field. Ethiopia has time and set this forth as her posi-
tion recarding the utilization of the Nile waters™,
(Ethiopia Obscerver, 11, No. 2. 1958 P. 93)

This is still a standing offer from Ethiopia’s side

48
AL

3

2. Neverere Doctrine

¢ Tanzania would not inherit colonial agreements on
the Nile

¢ Uganda and Kenya followed suit rejecting colonial
agreements on the Nile

3. Negotiation and signing of the CFA as rejection of
states quo

¢ Saven upstream nations have adopted CFA
Six countries have signed

Ratfication process is undern

4. Nile Basin Commission is envisioned some (i
sooner

VIL Recentdevelopments against status quo in the
Nile Basin
Nile 2002 conference series (1993-2002) .
Agreed minutes of Dar es Salaam (February 1997
all inclusive “new deal™
¢ Esablishment of NI3I w ith two pillars:
. Shared vision
. Suhsidi;lr_\ action programs
Joint multipurpose program (ENCONML, 2003)
A new trend in the hydro-politics of the Nile?

¢
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for CFA (Cooperative Framework

; .‘.nti'.lli('"‘

Ji! /:}','w".l'L:LIln)cx_-nliuling

o N L‘mm“ILwchn;icul commitlee

WE'L" o’ peeolialing committee

slll':"‘ fut> mi~:‘1i.\'lcriul commiltee

\“ hewe yen countries adopted CFA - 2009

H.l\‘i—,:- four: ::lcndt'l' negotiations (1o accommo-

:::L five: d‘&llt' downstream requests with addi-
jional negotiators)
Gjuning of CFA - (May 2010-May

N 3IX’ 011)

o Sinstates . signed (273 majority)

o Ratification underwan

¢ Downstream continues stand as
nppmul (ENTRO on halt)

pramples of international consensus towards
I\ N el
peration on rpwn

elsinki rules € 19606)

' . . .
{IN Conmvention on non-iei teational use ol interna-

'
ional waler courses (1997)

pertin rules (200-0)

[CCON: Lxemplary international support for Nile
coaperation (2001)

Aereed minutes o the Water NMinisters ol Basin

y \l&]lt‘\'(l)kll' es Salaam. Feb. 1999)

v Numerous TBWB agreements elobally

\.Status quo untenable

o+ Antithesis tor Unity ol the Nile

¢ Stats qou. no legal or political prospects

¢ Sttus quo. worst service to Eovptand Sudan
o Riparan nations are sovereign

¢+ Eayptand Sudan have no clout to maintain it

L Seenarios
Upstream stance
* Ratification of CFA in progress
¢ Establishing Nile Basin Commission is the next
slep

I)m\mlrc;mn stanee

+ ; " .
”“'\'“l; to the Statas (uo?
|I«\|). ‘ Uniliteralism unabated
O Toskacanal, el-salam canal. Rosaries dam. Kashim

¢ Ghiply:
A Merowe dams: others planned

I " i
lrang | : Mtream projects on the Nile
ALLLLY l s .
eh. ) Hoprn Renaissance Dam - GERD Taunched
=20 | ). (llhu S Pl“””C(I

I
Ehiopig e ) :
Ll PECs New Diplomatic Initiative
Aopiate e " y s
lioy, PRCS iitiative for 1Pol (Fth Su.lie.) + Interna-
T I‘{‘ll Pane| o Lxperts
( & :
¢ y . ;
Fiine Rules of procedure drawn and signed by the
N w u“"”l'iL\
QU
USC- | o g SR R
b Iv‘:‘,\pn;m decision to resume ENTRO (Nov.

“:"l'l' N

31

[

2012)

I'he Republic of South Sudan to accede CI'A

\I!Il. IPOE, unprecedented contribution of Ethiopia to
Nile cooperation

L]

* & & &

* & o o

N
L]
.
¢
¢
¢
¢

M.

X
¢+
.
¢
¢
.
¢

Launch & 1 IPoL: meeting in May 2012, Addis
Ababa

2 pol: meeting in June 2012, Cairo

3ol meeting in October 2012, Addis

A" [Pol mecting in November 2012, Addis

s Ipal meceting in March 2013Rosaries, Rosarics.
Sud.

6" and Final 1P0L meeting May 2013, Addis Ababa
POl has completed its task on 31 May 2013
Submitted to the three governments

Outcome envisioned to enhance cooperation

IV, Keeping on cooperation track of the Nile

Ethiopia's offer to remaim on track of cooperation
The role of Republic of South Sudan

Statement from Africa Union Commission
Statement of President Musebeni

Sudan Republic’s support for GERD Project
Feypt's Foreign Minister in Addis Ababa

Downstream confusion on cooperation?

ey pt/Sudan plea for extended negotiations (2009-2010)
Eespts 1 uack diplomacey targeting GERDP (2011-2012)
ey pt's public diplomacy (May 20110 Feh. 2012, 2013)
Misinterpretation of 170l report (May 2013)

Declaration of subversive measures against Lthiopia

I hreat ol war: “a drop o blood Tor a drop ol water

X VL The Prospeets of Hdro-diplomacy of the Nile
Basin, an Ethiopian Perspective

¢

* & &

* © o o °

Ethiopia’s hydro-power potential: 45,000 MW
Currently: 2000 MW harnessed

In the pipeline: Gibe HE: GERD: Ganale-Dawa

Many more in the prospect: Mandaya, Mabil. Kara-
Dobi. ele.

I thio-Djibouti power transmission

Ethio-Sudan power transmission

Lthio-Kenva power transmission

212 million persons will benefit from the Eth-Ken PT

Prospects for wider power pooling

XVILL Challenges for Nile diplomacy

¢

The issue of water security (The downstream coun-
trics not willing to accept the equitable and reason-
able basis for water use and management)

Weak commitment for Joint multipurpose water de-
velopment programs

(the tripartite initiative for joint multipurpose projects
(JMP) has been halted)

169
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Concluding remarks

e Nile will for always remain as permanent bond be-
tween the riparian countrics and communitics

¢ There are numerous and compelling areas ul‘.cnupcru-
tion in the Nile Basin which diplomacy can fix

¢ The aspirations Tor sustainable sociu-cmnumicl(lc\'cl-
opment. peace and prosperity in the Nile h:lni.n n the
21 Century premise on the imperatives ol environ-
mental. cconontic, institutional and seeurity impera-
tives ol cooperation. ‘

¢ Through cooperation the Nile riparian nations will
not only overcome any historical and contemporary
tensions but also make themselyes permanent part-
ners rather than misguided adversaries.

e There is no viable aliernative to upstreams-
tl\'l\\ll,\ll\"dll'l L'DUPL'I'EI“IUI'I

¢ A Nile cooperation can only be based on cquitable
and reasonable utilization of the Nile waters and sus-
Ginable benefit sharing

water 3 (1)
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