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unpublished previous ang ongoing study documents), in

) -depth interviews, resource persons and
rapid assessments,

focus ; . . : :
- group discussions, workshops, survey from various regions and city
administrations.

Specifically, this study has passed a rigorous multi-step process including:

¢ Extensive review of the relevant literature —

the meat industry sub-sector strategic
1 i '
plan preparation has been the subject of extensive investigation. The study team

conducted a thorough review of published and unpublished works, national and

International strategic documents, and ongoing study documents which provided a
starting point for the team’s work. Furthermore, an

analysis of successful model

countries cases provided a context within which to understand the enabling factors in

other economies for successful interventions.

Collection and analysis of primary qualitative/ quantit

ative data — primary data was
collected to fill key

gaps in the existing data set. This fact-driven analysis allowed the

study team to make sectoral projections and modeling around constraints and

opportunities in the value chain. These analyses provided the basis for a broad set of
systemic recommendations.

* Survey — to generate primary qualitative and quantitative information about the actors
in the livestock sector and meat industry sub-sector in Ethiopia, the study team

conducted the survey from August 12 to 27, 2014. Specifically, the following activities
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have been accomplished during the survey period: N
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» Sample area coverage: The survey area covered seven regional states and two city Ay
v . . . g

administrations, namely: Afar, Amahara, Tigray, Oromia, SNNPR, Somali, Hareri, %
Dire Dawa and Addis Ababa (for details see annex IV from B- C). .
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> sample size:

During this process, a total of 9¢3 reSpgnd

. ‘ e
categories were planned to be interviewed. But Practica]}y 650 % fm'h

* . . . - r ;

various categories) were interviewed lnleldua]ly and i, & espondQ “"'e,;‘

oup fyr nh(!:’»-.

. . Teley,

institutions ( in each respective regions) such ag Wored, o any X k,k‘

- .
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annex IV from B- F). Moreover, key officialg from

development, bureau of agriculture and rural deVGIOpment

trade and industry offices, regional trade and industry bur.

Cay, X"
S g 2 g e €se "'0,-.~
and academic institutions, NGOs, municipality abatto; S i areh, %

ly,
mp]e 4

. o g . ) €ach S3
and city administrations, meat processing factorles/expon . ty

N batt: _,
breeding improvement ,multiplication and distribution center Rojry . %
8

{
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. ere ... %

contacted. Besides, reports, plans, research works, collectegq dat e \"Sited‘
. . : . A wey, &
secondary information to triangulate the primary data. . 361}]%1

q
Target population /categories :the survey attempted tq inco

Tporate Vari,
anima] fattener,  *

ing/forage and
providers, animal health service center, collectors/live animal trade
s

population /categories: Meat animal fatteners
improvement and dissemination center ,animal feed " Uy
. . . s . ) liVE Wre
market centers and roots (including live animal informal trading canig
0Org ))lk

Supermarkets,

high meat consumption area, hotels/restaurants, 3
consumers , abattoirs , meat processing factories , experts , develg

bUtChen

Pment wog,
research institutions and universities , finance institutions :

» Tegiona] | 20na
woreda officials and other relevant stakeholders/actors,

Data collection instrument: comprises structured questionnaire, key infyp,
interview, focus group discussion, rapid assessment, field visiting, picture g
audio. Secondary data source using personal request from various idenf
regional bureaus, zonal and woreda offices, research Institutions, universities
others. Moreover, in order to counter check the primary and secondary informai
collected from the respondents , physical rapid observation of livestock mu
area, trekked marketable animal, butchers, export abattoirs, livestock breed'i&f
improvement ,multiplication and distribution centers , slaughterhouse and fal?

. [lected o
farms have been done. Furthermore, relevant pictures were €0

incorporated in the document.
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Foreword

Ethiopia has huge physical water resources potential. However, due to different constraints, its contri-
bution to socio-economic development of the country has been low. Since few years the country is
aggressively designing and implementing many programs and projects that are used to harness, devel-
op and utilize the water resources for the national development purposes. While developing and uti-
lizing the resources, issues of sustainable development and management of these resources requires
attention. Arba Minch University organizes symposia on Sustainable Water Resources Development
since the last twelve years.

The objective of the symposium is to create a platform where professionals, researchers, practitioners
and decision-makers come together and share ideas, communicate research results, good practices ?nd
innovations in that can enhance sustainable water resources development. This year the symposium
marks the 15™ cycle in the series. The organizing committee has received more than 60 papers in dif-
ferent thematic areas announced in call for papers. After review process, about 28 pares have been
selected for oral presentation and 10 papers for poster presentation.
This proceeding contains the full contents of presented papers. I believe the resea.rc'h results p-resenteiii
in these papers can be useful references for the readers. On behalf of the organizing committee an

myself I thank all contributors to this Symposium.

Mekonen Ayana, Ph.D
Director, Water Resources Research Center

Editor
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Welcome Address

Dr. Feleke Woldeyes, President of Arba Minch University

Your Excellency (Professor Henk Ritzema, Wageningen University, Wageningen, The Netherlands)
Distinguished guests,
Ladies and Gentlemen;

First and for most, I say you all welcome to this 15"Symposium on “Sustainable Water Resources
Development” which AMU is hosting,

Water is one of the most important resources on earth; and it is the most essential element to human
life- next to air (oxygen). We all know that the living cell is largely composed of water (>75 %); and
the universal solvent is essential to the functioning of every single cell and organ system in an organ-
ism’s body. Moreover, as scientific theory holds, life itself emerged in the ocean. Besides its use for
routine household uses such as drinking, washing, cleaning; water has always fascinated Man. The
first civilizations of man started near rivers, and the vast expanse of seas and oceans has long been

our major sources of food and means of travel.

Though water covers about two thirds of the total surface of the earth, there are various problems con-
nected with the abundance of water and which, of course, are far from being resolved. All over the
world, water is getting sparser and some countries are continuously looking for new sources of drink-
ing water. The industry requires a large amount of water for the manufacturing processes, as so does
agriculture. The rapidly increasing human population needs water for domestic purposes and to gener-

ate energy.

According to sources, agriculture alone consumes 70% of our fresh water resources while industry
and power generation use some 22%. Nevertheless, only about 8% is used for human consumption
and in human health. Some 1.5 billion people do not have access to wholesome water; some 50% of
the world's population does not have adequate water purification systems; and more than 30 million
people die every year from diseases linked to polluted water (cholera, ﬁlalaria, hepatitis). Ethiopia is
among those countries that are endowed with very rich water resources but not utilized the resource

efficiently both in the agricultural and industrial sector. We also know that clean water supply to

households at a very low level.
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This symposium has become a reality due to the relentless effort
thankful to the organizing committee. HAICey many anq |
an

ere appreciation to paper presenters ana 5
jum and travelled hundreds of kilomete partfclpants
\

interest to participate in the sympos
tion, let me tgke this opportunity to eXpress my gratitude to the Internati She
tute, University Partnership, and Hon Africa Regional Environmenta]O rgl Water Many ere. 1"141
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organizing the symposium.
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[ would also like to extend 'my sinc

Wishing you all to have a pleasant time during your stay here in Arab Minch, I
By

come to Arba Minch and AMU.

Thank You
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Opening speech

Dear Workshop Participants
Ladies and Gentlemen,

First and foremost it gives me
great pleasure to welcome is 15® ' ina-
ble Water Resources Development. AR e

Watf:r 15" 'n(!'spjeﬂsable natural resource upon which all lives depend on. Hence water security is
crucial to sustain life. When we say water security, we are referring to a situation of reliable and se-
cure access to water over time. Some regions are characterized by abundant physical water resources “
whereas others are suffering from water scarcity. Capacity to hamess the available water resources so

as to ensurc its availability and accessibility in the required quantity and quality is also different from
country to country.

With increasing population and improved living standards the demand for good quality water also in-
creas.es:. HOWCVCF‘, water scarcity is threatening many regions of the world and hence more than
.2billion people in the world lack access to this important resource.

With regards to water availability, literature makes distinctions between physical, economical and
technical water scarcity. Although Ethiopia is considered as a country with vast water resources po-
tential, the availability and accessibility of water both in terms of quantity and quality to different uses
has been limited. This was mainly accounted to lack of the required technical and financial capacities
and capabilities to harness our water bresources potential. Hence, as per the definitions of literature,
Ethiopia has been belonging to one of those regions suffering from economical and technical water
scarcity.

Generally, the term water scarcity describes the relationship between demand for water and its availa-
bility. Not only the availability but also the demands may vary considerably between different regions
within a given country, depending on the sectoral usage of water. Agricultural sector has been consid-
ered as the dominant user of freshwater. However, with the development of industries and urbaniza-
tion, demand for water is also increasing from industrial and domestic uses. Sustenance of ecosystem
functions also requires water of specific quality and quantity. With increasing population growth and
demand for food production the water demand will increase. Therefore, efficient allocation of water

among different uses including ecosystem is required.

The freshwater cycle in Ethiopia is governed by-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 short. As a result high water availability periods or peak runoff
times are concentrated to only 3 to 4 months of the year. This uneven distribution of water makes wa-
ter storage crucial to ensure sustain economic growth and eradicate poverty. Our water storage facility

per capacity is among the least in the world which requires attention.
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Impacts of Climate Change on Agricultural Soil and Forest resource and its impli-
cation on food/feed security in Ethiopia

A review, 2015
Abera Assefa' and Habtamu Admasuy?
1,2 i . . y
Ethiopian Institute of Agricultural research, Melkassa Agricultural research center, P.0. Box 2003 Adama

aberaassefa@gmail.com and habtamu.admassu@gmail.com

Abstract

This paper documen‘l existing literature regarding the past, current and projected impacts of climate change on agricul-
tural soils of the Ethiopia. We consider past and expected change within the context of recently observed climate variabil-
ity in the country to better understand the potential impact of expected change. Available literature showed that extreme
weather and greater climate variability due to climate change is expected to become more common in the Sfuture and its

impacts on soils and agricultural production and food securi

1y. Reviewed literature also climate change will have both

but negligible P?S”f v and more negative impacts on the natural resources characteristics and systems. The impacts of
climate change in Ethiopia will have pr. ofound agricultural production making the sector and the people who depend on it
most vulnerable to climate change. Since, 80% of populations of the country depend on natural resources Jor agriculture
it is important to develop strategies (o safeguard natural resources in a changing climate. Ethiopian agriculture must
adap! and register a major breakrhrough through better management of natural resources so that it can feed the ever in-
creasing population as climate change unfolds. To adapt to the multiple challenges of climate change, and achieve the
goals of food/feed security, overcome malnuirition, make poverty things of the past, the country must create a climate
smart landscape in order 10 exploit the advantage of climate-smart agricultural practices. Fundamental to realize accel-
erated agricultural transformation and 1o achieve a vision of Zero hunger Ethiopia on sustainable basis requires serious
policy commitment. Thus, we recommend an integrated participatory action orientated approach to management of the
natural resources at watershed scale to create climate smart land escape and mainstream climate-smart agricultural ad-
aptation technologies and mitigation strategies by mobilizing farmers, researchers, trading communities, political deci-

sion makers and NGOs,

Introduction

Agriculture accounts for over 40 percent of GDP and 80
percent of exports, and engages 80 percent of the labor
force in Ethiopia. The country has vast areas of fertile
land, a diverse climate, generally adequate rainfall, and a
large labor pool. Around 75 percent of Ethiopia’s approxi-
mately 85 million people are dependent on subsistence
agriculture, which is almost entirely rain fed and small
scale. Both farmers and pastoralists are highly dependent
on the weather and natural resources for their livelihoods
(Lukac er al, 2010). Some of natural resources such as
water, soil and forests are environmental goods that pro-
vide many other goods and services (media, wood, food,
feed, aesthetic value, etc) to human being and natural sys-
tems are susceptible to the adverse effects of climate
change (NMAE, 2007; Pimentel, 2006; and Brevik, 2013).

According to (IPCC, 2007) Climate” refers to atmospheric
conditions that have timescales that range from a few
months to a season to a year to a decade or more, or even
longer. Climate change is a long-term continuous change
in a climate normal (for example, an increase in the long-

Wwater |2 )

term average temperature) and/or the range of climate
variability of its properties (IPCC, 2007).

According to Bathke er al.; (2014), a climate change im-
pact means: Aspecific change in a system caused by expo-
sure to climate change. Climate change has already al-
tered, and will continue to alter the soil process and prop-
erties and forest resource composition and growth for all
uses (Brevik, 2013; Jennie e/ al., 2010).

Therefore, there is evidence on climate change adverse
impacts on land resources and socio-economic develop-
ment of Ethiopia. IPCC findings indicate that developing
countries such as Ethiopia which has a fragile highland
ecosystem that is currently under stress due to still in-
creasing population pressure will be more vulnerable to
climate change (Boko, 2007). Rising temperatures and
increasing climate variability is already imposing a signif-
icant challenge to Ethiopia by affecting food security, wa-
ter and energy supply, poverty reduction and sustainable
development efforts (Jennie et al,, 2010; IPCC, 2007). It
also exacerbates natural resource degradation and natural

11

h : - : o

Gener ated by CantScanner fromintsig.com



LA

o - o pit developing
etk o o g h ecoNOMIES are
ount;ies like Ethiop! beca 2l ol
Ctrongl)’ dependent 0T ; s L on g
;i:?eet;(:t“;z:;zl fdl:e on av. ilable water re;ources
whitle a large part 0%) of the €0 i u:n arlliﬁzzn;),
d (Boko, 7).These challenges may p .
treme €ven having SO | and economic 1MpPa¥’
an arid and s€ i-arid climate
significant changes 10 climatic

(he fact of tha’
could be sensitiv
characteristics. Qverall,
negative effect on t
curity (Pimentel, ;
The socio-economic
include popula
and migration;
change pegativel
Jivelihood (Boko, 2007).

We review current knowledge on the impacts of climate
change on Jand resources (soil, water and forest) 0 l1igl)-
light priority targets for new I¢

the observed and  projected impacts that enable the
flow of information between stakeholder groups with an
interest in natural resource conservation in a changing
climate. Even though, we have in general constrained our
discussion {0 information from Ethiopia, wWe include infor-
mation from some studies outside of Ethiopia or at the
global scale in order to illustrate some generic climate
change impacts. This information is not intended as 2
comprehensive review of climate change impacts on Ethi-
opian land resources, but instead is meant 0 illustrate

some of its major features.
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Figure 1: Reconstructed global temperature record for the
last 2,000 years (Source: Bathke ef al; 2014)

Temperature effects are often better understood than oth-
ers climate parameters. However, precipitation has much
larger spatial and temporal variability than temperature,
and it is therefore more difficult to identify the impact it
has on changes in many systems (IPCC, 2001). Williams
and Funk (2011) explained about a reduction in the long
rains over Kenya and Ethiopia in response to warmer Indi-
an Ocean sea surface temperatures (SSTs). It is very likely
that the numbers of warm days and nights have increased
g]obally since 1950 (IPCC, 2013) with limited data on
African heat waves. The [requency of heavy precipitation
is likely to increase, even in areas where total annual rain-
fall is expected to decrease that will affect livelihoods of
people especially developing countries in Africa (IPCC,

2012).

There is considerable interannual variability, but rainfall
increases from about 1000 mm/y near the border to be-
ween 1400 and 1800 mm/y over parts of the upper basin
and exceeds 2000

mm/y in some places in the south (Awulachew et al,

2008). The summer months account for a large proportion
of mean annual rainfall; averaged across the basin, ap-
proximately 70% occurs between June and September.
Potential evapotranspiration also varies considerably and,
like rainfall, is highly correlated with altitude. In the high-
lands of Ethiopia, potential evapotranspiration ranges
from approximately 1300 to 1700 mm/y and in many plac-
es is less than rainfall in the rainy season. Consequently,
rainfed cultivation, producing a single crop in the rainy
season, is-possible — though risky in low-rainfall years
(Awulachew ef al. 2008).

The overall coefficient of variability in rainfall of the
country ranges from 10-50%. The arid and semi-arid re-
gions which constitute 60% of the country's surface area
experience a coefficient of vanation of 50% whereas the
rainfall fluctuation in the South-Western regions is usually
less than 20% (the coefficient of variation is simply the
standard deviation divided by the average annual rainfall
(Workineh, 1987).

Table 2. Observed climate change over the twenticth century, comparing means for 1900-50 with

means for 1950-2000.

African basins Limpopo Niger Nile Volta

Precipitation, mm/month —1.2(—=13.8) —1.3(-159) -04(—4.8) —03(—-34)
(mm/yr) _

Temperature, °C 0.1 —0.9 —0.0 -0.4

While there is generally no significant change detected in
the annual rainfall in most of the Nile sub-basins, there
appears to be decreasing seasonality in some key water-
sheds of the upper Nile in Ethiopia such as the southern
Blue Nile and Baro Akobo

In addition, climate change is projected within near future
(o reduce yields of the wheat staple crop in Ethiopia by
33% (NMAE, 2007).However, the IPCC report suggests
that it is not too late (o prevent the worst impacts of cli-
mate change, if countries of the world act now (IPCC,
2013). These include consideration of factors such as fu-

ture economic performance and population patterns.

Therefore there is a need to carry out climate change re-
search and studies to better understand impacts of current
climate variability particularly on hydrology.

Climate change threats on natural resources

Annual losses to the Ethiopian economy could be up to,
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46% of GDP, due to the impact that climate change will
have on its natural resources alone (MoWE, 2001). Over
the coming decades, the valuable natural resources and
ccosystem services on which people depend will be in-
creasingly affected by warming temperatures, rising seas,
and more frequent and severe drought, among other ex-
pected climatic changes (Legates ef al., 2005). In some
cases, major, rapid disruptions (o ecosystems may occur
when ecological thresholds are crossed due to climate
change in combination with other stressors (Awulachew ef
al., 2008; Bowden ef al., 2009; Conway & Hulme, 1993).

Impact of Climate Change on Soil

Since soils are integral parts of several global nutrient
cycles it is linked to the climate system through the car-
bon, nitrogen, and hydrologic cycles. It is important to
know that, climate change interactions are the carbon and
nitrogen cycles because C and N are important compo-
nents of soil organic matter (Brady, 2008)and carbon
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The increased atmospheric CO,has CO, fertilization effect
and would lead to increased plant productivity coupled
with increased C sequestration by soil, meaning increased
Plant growth and the soil-plant system would help offset
increasing atmospheric CO; levels (Coughenour and Chen
1.997). However, recent studies indicate the CO, fertiliza-
tion effect may not be as large as originally thought
(Poorter and Navas 2003; Zaehle et al; 2010).

A long—?en_n elevated CO, experiment in a grasslands eco-
system md.lcated that N and P became limiting within two
years, again limiting plant biomass response to elevated
CO, (Niklaus and Komer, 2004). Therefore it can be con-
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ﬂtmos_Phe‘jiC C with global warming. It is important to
keep in mind that in all these cases, the soil would only be

a net source of C to the atmosphere untj] a new equilibri-
um was reached. CO, enrichment increases the soil C:N
ratio and leads decomposing organisms in the soil ne.ed
more N, which can reduce N mineralization leads to plant
productivity reduction (Hungate, ¢ al; 2003; Gill, et of-
2002; Reich, 2006). Mineralization js an essential ;tep ir;
supplying N to plants (Mullen, 2011). Increasing tempera-
tures increase N mineralization (Norby, 2004), which
could have a positive effect on plant growth,

Climate change and anthropogenic activities have also
affect soil to become susceptible erosion. As previously
established, climate change is expected to increase soil
erosion. The negative effects of soil erosion on crop yields
and food production are well established. There is a
chance to have strong correlations between climate change
with soil erosion and negative impacts on aggregate stabil-
ity, bulk density, water holding capacity, pH, organic mat-
ter content, total N, and soluble P in the soil, all properties

important for good crop growth and productivity (Brevik,
2009).

There were at least 1 billion people living in a state of
food insecurity in 2010; eliminating this insecurity and
feeding the additional 2.3 billion people expected by 2050
will require global cereal production, for example, to be
increased by 70% (St Clair, 2010). The IPCC expects that
climate change will impact all four dimensions of food
security, (1) food availability, (2) stability of food sup-
plies, (3) access to food, and (4) food utilization
(Easterling er al; 2007). Low soil fertility is currently a
food security problem in many developing countries. CC
integrated with proper soil management has the potential
to drastically reduce food. As adaptation option increasing
soil organic C in degraded soils would be a major step
forward in enhancing food security in developing coun-
tries.

Global warming can accelerate decomposition of soil or-
ganic matter and enhance C emission from soil causing
soil degradation. Therefore, this treat could potentially
thwart soil C sequestration efforts and have a negative
impact on food security. If C sequestration practices are
not started, these already degraded soils are even more
vulnerable to the effects of climate change than relatively
healthier soils in developed countries (Tan ef al; 2010).
Therefore, climate change has the potential to exacerbate
food security issues through its potential effects on soil
health. Healthy soils are important because they supply
nutrients to the crops grown in those soils. However, if the
nutrient is not present in the soil, or if it is not plant availa-
ble due to being tied up in the soil or through antagonistic
affects from other ions, plants cannot access the nutrient
and pass it up the food chain. Unhealthy soils tend to have
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a lower overall nutrient status. Low nutrient status in agﬂ'
cultural soils not only reduces the amount of food aVﬂ{’a'
ble for human consumption, it also makes the resulting
crops less nutrient-rich which makes those who rely on the
low nutrient soils for crop production more susceptible to
disease (Sanchez, 2005). If problems from vector-borne
diseases, for example, become more pronounced with
changes in climate (Brevik, 2013), low-nutrient status
soils will simply make those who rely on them even more
prone to experience disease problems (Perez, et al., 2007).

Climate change threats forest

Temperature is known to strongly influence the distribu-
tion and abundance patterns of both plants and animals,
due to the physiological constraints of each species
(Parmesan and Yohe, 2003; Thomas ef al., 2004).Different
plants react differently to the concentration of carbon di-
oxide CO, in photosynthetic CO, fixation (Cerling et al,
1993). Csplants  including barley, ice, wheat, soy-
beans, cassava, potatoes, legumes and most trees grow in
cool climates. C, plants including maize,s orghum, sugar-
cane, tef, etc. grow in subtropics (Hatch, 1987). The in-
crease in CO, has higher effects in the assimilation of CO,
in C; plants than Cy plants. In C; plants, the assimilation of
solar energy into carbohydrates generally increases with
CO; and decreases with temperature. Doubling CO,in-
creases photosynthetic rate of C; plants by 25-75%
(Urban, 2003), therefore, CO, has ‘‘fertilizer” effect
(Ehleringer and Bjorkman, 1977). Generally, increase in
CO; reduces the opening of stomata which reduces tran-
spiration of trees, increases water use efficiency, increases
plant growth and increases nutrient availability (Sievinen
et al., 2013). However, more CO, increases warming and
limits water availability that could affect plant physiologi-

cal processes and cause mortality (Reddy and Hodges,
2000).

Species adapts to climate change through insitu physiolog-
ical alteration or migration (latitudinal and altitudinal spa-
tial shift); and temporal shift (phonological event). The
ability of a species to migrate will depend on its capacity
to disperse and on the connectivity of suitable habitat
(Thomas et al., 2004). Climate change is able to decrease
genetic diversity of populations due to directional selec-
tion and rapid migration (Botkin ef al., 2007).
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Impact of climate change on forest products,
species composition and distribution

Some of non-timber forest products (NTFP) have been
negatively affected due to climate changes. Incre.ased
evaporation that causes moisture stress and reduce yields
of NTEP such as gum arabic decline by 25% every 30
years (IUFRO, 2010). Tree species vary in climate change
resilience and their productivity. Hardwoods are more
susceptible to drought than soft woods species (Pérez et
al.,, 2007). Sohngen et al, (2001) projected that the global
timber price is increasing year after year. Therefore, it
seems that climate change affects the welfare of both con-
sumers and producers.

Climate Change has also great impacts on tree species
composition and distribution. Species adapts to climate
change through in situ physiological alteration or migra-
tion (latitudinal and altitudina] spatial shift); and temporal
shift (p}.\onological event). The ability of a species to mi-
grate W.l”‘ depend on its capacity to disperse and on the
connectivity of suitable habitat (Thomas et al,, 2004). Cli-
mate change is able to decrease genetic diversity of '0
lations due to directional selection and rapid mj ; ot
(Botkin ef o, 2007). i e
A )- As the temperature Increases warm
€sts replace cold ang temperate forests (EP],
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In Africa climate change affected many aspects of f,
ecosystems. In Burkina Faso, for example, (pe local:j_
tinction of several species (e.g. Adansoniq digitatg, allm
Anogeissus leiocarpa) and in Ethiopia, the devastatiop of
Cupressus lusitanica has been attributed to 1 combinafioy
of recurrent drought. A modeling study predicted that
areas of suitable climate for over 80% of African play
species would decrease in size and shift to higher alf.
tudes. The current habitats of 25-41% of African plant
species would be entirely lost by the year 2085 (Lovett e
al., 2005).

Food insecurity: the role of climate variabili
and change

Rainfall variability and increasing temperature due to cl
mate change is severely impacting on production and
productivity of agriculture, the general economy and the
livelihood of rural people of Aftica. Resilience rt:fers b
the ability of a system, community or society to resish
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absorb, cope with, and recover
and to adapt to longer term ¢
cient manner without unde

from the effects of hazards,
hanges in a timely and effi-

: e _ rmining food security or well-
being. Resilience is an outcome which can take on differ-

ent forms. Resilient outcomes include: the ability to man-
age risks and reduce the occurrence of hazards; to adapt to
change over the long term; to secure sufficient food and to
move out of poverty trap. It offers the opportunities for
increased productivity and food security, enhanced resili-

ence and reduced carbon emissjons thereby contributing to
sustainable development

Climate variability and change have an impact on food
production (Mendelsohn e g, 2000; Kurukulasuriya and
Rosenthal, 2003). Broadly speaking, food security is less
seen in terms of sufficient global and national agricultural
food production, and more in terms of livelihoods that are
sufficient to provide enough food for individuals and
households (Devereux and Maxwell, 2001). The key
recognition in this shifting focus is that there are multiple
factors, at all scales, that impact on an individual or house-
hold’s ability to access sufficient food: these include
household income, human health, government policy, con-
flict, globalisation, market failures, as well as environmen-
tal issues (Devereux and Maxwell, 2001). Climate change
mainly affects the availability of food from principal com-
ponents of food security in Agricultural system. For the
country, the agriculture sector, which is highly dependent
on precipitation, is estimated to account for approximately
60% of total employment, indicating its crucial role in
livelihoods and food security derived through food access
through purchase (Slingo ef al,, 2005).

Through many ways of implication climate change has
impact on livelihood and food access such as via tourism
sector, market access, natural resource and agricultural
inputs. Impact of climate variability and change on food
security therefore cannot be considered independently of
the broader issue of human security (O’Brien, 2006). The
resource-poor farmers and communities use a variety of
coping and adaptive mechanisms to ensure food security
and sustainable livelihoods in the face of climate change
and variability. While exploring the local-level dynamics
of people’s vulnerability to climate change, of which
adaptive capacity is a key component, it is important to
find ways to embed such findings into wider scales of as-
sessment (Brooks e al., 2005). A number of recent studies
are beginning to probe the enormous challenges of devel-
oping scenarios of adaptive capacity at multiple scales.
Attainment of the Millennium Development Goals, partic-
ularly the first goal of eradicating extreme poverty and
hunger, in the face of climate change will therefore require
science that specifically considers food insecurity as an
integral element of human vulnerability within the bio-
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physical systems, and that is able to offer usable findings
for decision-makers at all scales.

Mitigation and Adaptation of Climate change
in Ethiopia

Adapting Natural resource management practices to re-
duce vulnerabilities and facilitate adaptation to climate
change is likely to incur additional costs, but these will
probably be less costly than the costs of remedial actions
(FAO, 2013). Adaptation and mitigation are two main
responses to climate change. Adaptation measures are
aimed to secure the continued delivery of natural resource
goods and services, while mitigation could be reducing
emissions from deforestation, and forest degradation; en-
hancing forest carbon sinks; and product substitution. The
government started climate resilient green economy
(CRGE) in 2011 that include production and distribution
fuel wood saving efficient stoves, and establishment of
plantation forest in some parts of the country (EPA, 2013).
There are also several ways that help to adapt and mitigate
climate change in Ethiopia and described as follows.

Creating climate smart landscapes for climate

smart adaptation and mitigation to climate
variability and change

For agricultural systems to achieve climate-smart objec-
tives, including improved food security and rural liveli-
hoods as well as climate change adaptation and mitigation,
they often need to be take a landscape approach; they must
become ‘climate-smart landscapes’. Climate-smart land-
scapes operate on the principles of integrated landscape
management, while explicitly incorporating adaptation
and mitigation into their management objectives,

Studies on climate change dynamics related to agriculture
suggests that three key features characterize a climate-
smart landscape: climate-smart practices at the field and
farm scale; diversity of land use across the landscape to
provide resilience; and management of land use interac-
tions at landscape scale to achieve social, economic and
ecological impacts. To implement climate-smart agricul-
tural landscapes with these features (that is, to successfully
promote and sustain them over time, in the context of dy-
namic economic, social, ecological and climate condi-
tions) requires several institutional mechanisms: multi-
stakeholder planning, supportive landscape governance
and resource tenure, spatially-targeted investment in the
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landscape that supports climate-smart objectives, and
tracking change to determine if social and climate goals
are being met at different scales. To achieve climate-smart
landscape initiatives widely and at scale will require
strengthened technical capacities, institutions and political
support for multi-stakeholder planning, governance, spa-
tial targeting of investments and multi-objective impact
monitoring. This issue paper aims to advocate the urgency

of creating climate-smart landscape for climate-smart ag-
riculture (CSA).

Climate change can be addressed together by transforming
agriculture by adopting practices that are "climate-smart".
Climate-smart Agriculture (CSA) or Climate-smart farm-
ing techniques would increase farm productivity and in-
comes, and make agriculture more resilient to climate
change, while also contributing to mitigation. Agriculture
has to address simultaneously three intertwined challeng-
es: ensuring food security through increased productivity
and income, adapting to climate change and contributing
to climate change mitigation. To accomplish this, food
systems have to become, at the same time, more efficient
and resilient, at every scale from the farm level to the
global level. Radical changes are needed in agricultural
and food systems. These changes can play an essential
role in greening the economy and contributing to sustaina-
ble development. Agricultural production must increase if
food supply is to keep pace with rapid population growth.
Yet at the same time, it is clear that if the world is to meet
its targets for reducing greenhouse gas emissions and miti-

gating climate change, agriculture must become “climate-
smart’. '

The opportunities - climate-smart landscapes
for climate-smart agriculture

As research and policy links between climate change and
agriculture have advanced, ‘climate-smart agriculture’ has
emerged as a framework to capture the concept that agri-
cultural systems can be developed and implemented to
simultaneously improve food security and rural liveli-
hoods, facilitate climate change adaptation and provide
mitigation benefits. Since it emerged in 2010, the develop-
ment of this idea and use of the term itself has been led by
international institutions, particularly the United Nations
FAO and the World Bank. The Consultative Group on
International Agricultural Research (CGIAR) has provid-

ed leadership to the international research community as
the idea has matured.

While newly framed as a concept for the climate change
and agricultural development communities, climate-smart
agriculture includes many of the field-based and farm-
based sustainable agricultural land management practices
already in the literature and in wide use, such as conserva-
tion tillage, agro-forestry, residue management, and oth-
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Climate change is affects the productive capacity of for-

agement. Climate change increases CO fertilization ang
water use efficiency

for most forest trees species which
are called C3 plants and thep increase productivity. The
damage of climate change to forestry is more than its ben-
efit as the extinction of tree species could not be compen-
sated by increased productivity. Hardwood species are
more susceptible to drought than softwoods. Accordingly,
Ethiopia in general has more of hardwood species and jt
requires concerted efforts to conserve and propagate ge-

netically superior hardwood species with appropriate of
species site matching,

Climate-change adaptation planning about current and
future climate related impacts and vulnerabilities and
wood production in Africa are hampered by a lack of in-
formation (IUFRO, 2010). Generally, physical, environ-
mental and socioeconomic factors reduce timber produc-
tivity in dry tropics and sub tropics mainly by the limita-
tion of moisture exacerbated by climate change, the less
availability of soil nutrients due to land degradation, and
the use of short rotation crops which may not produce
quality timber.

Reference

Bathke J., Oglesby J., Rowe M., Wilhite A., 2014. Under-
standing and Assessing Climate Change: Implications for
Nebraska. School of Natural Resources Institute of Agri-

culture and Natural Resources, University of Nebraska-
Lincoln, USA. ISBN  1-56161-037-2

Brevik, E.C. 2012 Soils and climate change: Gas fluxes

and soil processes. Soil Horiz., 53,doi:10.2136/sh12-04-
0012.

Blum, W.EH.; Nortcliff, S. Soils and Food Security. In
Soils and Human Health; Brevik, E.C., Burgess, L.C.,

Eds.; CRC Press: Boca Raton, FL, USA, 2013 pp. 299-
321.

Water 12 (1)

Boko, M,, 1. Niang, A. Nyong, C. Vogel, A. Githeko, M.
Medany, B. Osman-Elasha, R. Tabo and P. Yanda, 2007:
Africa. Climate Change 2007: Impacts, A daptation and
Vulnerability. Contribution of Working Group Il to the
Fourth Assessment Report of the Intergovernmental Panel
on Climate Change, M.L. Parry, OF. Canzani, J.P. Pa-
lutikof, P.J. van der Linden and C.E. Hanson, Eds., Cam-
bridge University Press, Cambridge UK, 433-467.

Brevik, E.C. 2013; Climate Change, Soils, and Human
Health. In Soils and Human Health; Brevik, E.C., Burgess,

L.C, Eds.; CRC Press: Boca Raton, FL, USA, pp. 345-
383.

Brady, N.C.; 2008; The Nature and Properties of Soils,

14th ed.; Pearson Prentice Hall: Upper Saddle River, NJ,
USA,

Brevik, E.C,; Homburg, J.A. 2004; A 5000 year record of
carbon sequestration from a coastal lagoon and wetland
complex, Southern California, USA. Catenas 7,221-232,

Brevik, E.C. 2009; Soil Health and Productivity. In Soils,
Plant Growth and Crop Production; Verheye, W, Ed.;
Encyclopedia of Life Support Systems (EOLSS), Devel-
oped under the Auspices of the UNESCO, EOLSS Pub-

lishers:  Oxford, UK,. Available online: http://
www.eolss.net (accessed on 10 May 2013).

Botkin, D.B., Saxe, H., Araujo, M.B., Betts, R., Brad-
shaw, RH.W., Cedhagen, T. et al. (2007). Forecasting the

effects of global warming on biodiversity.Bioscience, 57:
227-236.

Carmney, K.M.; Hungate, B.A.; Drake, B.G.; Megonigal,
J.P. 2007, Altered soil microbial community at 2 elevated

CO2 leads to loss of soil carbon. Proc. Natl. Acad. Sci
USA104, 49904995,

Cerling, TE, Wang Y, Quade J. (1993). Expansion of C4
ecosystems as an indicator of global ecological change in
the late Miocene. Nature 361 344-345.

Coughenour, MB.; Chen, D.-X.1997; Assessment of
grassland ecosystem fesponses to atmospheric change

using linked plant-soil process models.Ecol. Appl.7, 802—
827.

Devereux, S. and S. Maxwell, Eds., 200
in Sub-Saharan Africa. 1TDG Publishi
burg, 361 pp.

1: Food Security
ng, Pietermaritz-

19

Gener ated by CantScanner fromintsig.com




Soli-
iensven, A" k =

Elshamy, M., van Grltf J., Mutua, F.,
pi Baldassart®: O S0 b, P, MUIER ook, S:
an, E. gobe, M- Solomatin®, . Uhler” ]’:Iilc
Nos , 5., Xuah ond climate in the River

ydrology @

56(2).]99‘2”‘ val, P.K; Batima, P Brundjr:
e A'gdgz:\ns 1;4.; Kirilenko, A M‘(?rlf)n,'m.(,l
y Ho‘l:nfid;ml;er, J. 2007; Food, Fibre ;-0,1
Change: Impacts, A (Iaprclzll .
ion of Working Group |
t of the lnlcrgovcrqmenla
M.L., Canzianl, 0.F,
anson, C.E. Lds.;

UK, 2007; pp-

the Fourth Assessment Repor
panel on Climate Change; Parr%,l S
palutikof, J.P., van der Linden, .b.,.dﬂc
Cambridge University Press: Cambridge,
273-313. |
Eelin, T.; Ciasis, P.; Piao, S.L.; Barré, l’.;.Bclas.scn, '\111.’
C=duie 1; Cheﬁu, C.; Gasser, T.; Reichstein, M Smith,
Pa 201’1; bx'erview on Response of Global Soil vCa‘rb.on,
P'ools {0 Climate and Land-Use Changes..ln Su.smmmf
Soil Productivity in Response 10 Global Climate Change:
Science, Policy, and Ethics; Sauer, T.J., Norman, J.M,,
Sivakumar, M.V.K,, Eds.; John Wiley & Sons, Inc.: Ox-

Ehleringer, J., Bjorkman, O. (1977). Quantum yields for
€02 uptake in C3 and C plants.dependence on tempera-
ture, CO2 and 02 concentration. Plant Physiol.,59: 86-90.

EPA (Ethiopian Environmental Protection Authority).
(2012). National Report of Ethiopia, United Nations Con-
ference on Sustainable De_velopmem (Rio +20).

EPI (Environmental Performance Index).(2012). Environ-
mental Performance Index and Pilot Trend Environmental
Performance Index (www.epi.yale.edu).

Farm 'Africa and SOS Sahel Ethiopia. (2007). The key
Steps in Establishing Participatory Forest Management: A

ﬁe!d manual ...Best Prac series No.1. Addis Ababa, Ethi-
opia.

FAO (Food an-d /_Xgriculture Organization).(2013). Cli-
mate change guidelines for forest managers. FAO Forestry

Paper No. 172. i
Sy Rome, Food and Agriculture Organiz.of

Gill, RA; Polley, HW,; Johnson, H.B.; Anderson LJ;

Maheral; 3 3
erall, H,; Jackson, RB. 2002; Nonlinear grassland

responses to past and '
279287 P future atmospheric €02, Nature4]7,

Gorissen, A.; Tiete
L & ma, A.; Joost ;

Periuel ; ) ’ en, NN.; E :

Clirn:tzs’c;;nsg?e;?y’ A.; Emmett, B A - Beiesrt la(lf-teéOI:)/lfi,

ge affects carbon aljgeafic L ;

shrublands. Ecosystems7, 65%681 location to the soil in

water 12 (1)

CGener at ed

Hatch, M.D. (1987). C4 l"hmosymhesi

ofmodificd biochemistry, anatomy gny'> @ uy

chem. Biophys.Acta 895: 8110, Ultrasuu;i{ut b
e ¢

Hansen, J.; Sato, M. Kharechy by,

D.W.; Siddall, M. 2007; Climatg g, Risey
es.Philos. Trans. R. Soc. 4, 365, ]925\1{3954%(1 . ly
Hungate, B.A.; Dukes, J.S.; Shaw, MR. ' %,
C.B. 2003; Nitrogen and climate chgp,

-1513.

IPCC (2007) Summary for Policymay
Change: The Physical Science Byg;;. Ecrs_
Working Group I to the Fourth ASSeSSn’]e ontr:
Intergovernmental Panel on Climate Chanm.
Qin, D., Manning, M., Chen, Z_, Marqugie’ Sql i,
K.B., Tignor, M., Miller, H.L., Bds,; Camp.'y Ay
ty Press: Cambridge, UK,pp. 1-18, idge Univm}

Ry,
gc.Scie,,Cejr;’zFiqd1

Gl

[UFRO (International Union of Foregt

. , Iy Re
zation) 2010. Making African foresis ﬁstea;ch i,
change. A regional view of climate chitg or
forests and people, and options for B i

- 0n
brief. M.Kleine, A. Buck, C. Eastaugh (E ds[_))almn: oy

Jarvis, A.; Ramirez, J.; Anderson, B.; Leibi
garwal, P. 2010; Scenarios of Climate Chan ,
Context of Agriculture. In Climate Change
duction; Reynolds, M.P,Ed.; CPI Antony
ham, UK, pp. 9-37.

g Wity
Rowe: Chippe,

Jeannie S, Avner V, ErikaW, 2010 Climate change,

resources, and the politics of adaptation in the Middilevsle[
and North Africa. Climatic Change 104:599-3 I)aSI
10.1007/s10584-010-9835-4 © l

, : Springer g,
ence+Business Media B.V. 2010

Kaushal, S., G. Likens, N. Jaworski, M. Pace, A. Sides D
Seckell, K. Belt, D. Secor, and R. Wingate, (2010), R
sFream and river temperatures in the United States. Fron.
tiers in Ecology and the Environment 8: 461466,
doi:10.1890/090037.

Kirkham, M.B. 2011; Elevated Carbon Dioxide; CRC
Press: Boca Raton, FL, USA. ’

Kurukulasuriya, P. and . Rosenthal, 2003: Climate
c_hange and agriculture: a review of impacts and adaptz
tions. Climate Change Series Paper 91,World Bak,
Washington, District of Columbia, 106 pp

by CanScanner fromintsig.com




Lal, R. 2010; M_anaging soils and ecosystems for mitigat-
ing anthropogenic carbon emissions and advancing global
food security. BioScience, 60, 708-721.

Lal, R.; Kimble, J.; Follett, R.F. 1998; Pedospheric Pro-
cesses and the Carbon Cycle. In Soil Processes and the
Carbon Cycle; 1al, R., Kimble, J.M., Follett, RF., Stew-
art, B.A,, Eds.; CRC Press: Boca Raton, FL, USA, pp. 1-
8.

Link, S.0.; Smith, J.L.; Halverson, J.J.; Bolton, H., Jr.
2003; A reciprocal transplant experiment within a climatic
gradient in a semiarid shrub-steppe ecosystem: Effects on
bunchgrass growth and reproduction, soil carbon, and soil
nitrogen. Glob. Change Biol.9, 1097-1105.

Long, S.P.; Ainsworth, E.A.; Leakey, AD.B.; Morgan,
P.B. 2005; Global food insecurity. Treatment of major
food crops with elevated carbon dioxide or ozone under
large-scale fully open-air conditions suggests recent mod-

els may have overestimated future yields. Philos. Trans.
R. Soc. B, 360, 2011-2020.

Lovett, J.C.,Midgley, G.F., Barnard, P. (2005). African

plant diversity and climate change. A4 nnals of the Missouri
Botanical Garden 92(2): 139-152.

Lukac, M., Calfapietra, C., Lagomarsino, A., FLoreto.
(2010). Global climate change and tree nutrition: effects

of elevated CO2 and temperature: Tr. ph. [0829-3 18X] 30:
1209 -1220.

MEA (Millennium Ecosystem Assessment). (2005). Eco-

systems and human well-being: biodiversity synthesis.
World Resources Institute, Washington, DC.

Mendelsohn, R., A. Dinar and A. Dalfelt, 2000b: Climate
change impacts on African agriculture. Preliminary analy-
sis prepared for the World Bank, Washington, District of
Columbia, 25 pp.

Mullen, R.W. 2011; Nutrient Cycling in Soils: Nitrogen.
In Soil Management: Building a Stable Base for Agricul-
ture; Hatfield, J.L., Sauer, T.J., Eds.; Soil Science Society
of America: Madison, WLLUSA, pp. 67-78.

Niklaus, P.A.; Korner, C. 2004, Synthesis of a six-year
study of calcareous grassland responses to in situ CO en-
richment.Ecol. Monogr.74, 491-511.

Niklinska, M.; Maryanski, M.; Laskowski, R. 1999; Effect
of temperature on humus respiration rate and nitrogen
mineralization: Implications for global climate change.
Biogeochemistry44, 239-257.

Norby, R.J.; Luo, Y. 2004; Evaluating ecosystem respons-
€s to rising atmospheric CO2 and global warming in a
multi-factor world.New Phytol. 162, 281-293.

Water 12 (1)

g

O’Brien, K., 2006: Are we missing the point? _Global C';']
vironmental change as an issue of human security. Glob
Environ. Chang., 16, 1-3.

Pérez, M., Invers, O., Ruiz, J.M., Frederiksen, M.,Holmer,
M. (2007). Physiological responses of the seagrassPoszHO_'-
niaoceanicato elevated organic matter content in sedi-
ments: an experimental assessment. JExp. Mar. Biol.
Ecol344:149-160.

Pimentel, D. 2006; Soil erosion: A food and environmen-
tal threat. Environ. Dev. Sustain., 8,119-137.

Price, D.T.; Peng, C.H.; Apps, M.J,; Halliwell, D.H. 1999;
Simulating effects of climate change on boreal ecosystem
carbon pools in central Canada. J. Biogeogr.26, 1237-
1248.

Poorter, H.; Navas, M.-L.2003; Plant growth and competi-
tion at elevated CO2: On winners, losers and functional
groups. New Phytol 157, 175-198.

Reddy, K.R., Hodges, H.F. (eds). (2000). Climate Change
and Global Crop Productivity.ISBN 0 85199 439 3. CABI
Publishing is a division of CABnInternational.

Reich, P.B.; Hobbie, S.E.; Lee, T.; Ellsworth, D.S.; West,
J.B.; Tilman, D.; Knops, J.M.; Naeem, S.; Trost, J. 2006;
Nitrogen limitation constrains sustainability of ecosystem
response to CO2 Narure, 440, 922-925.

St. Clair, S.B.; Lynch, J.P. 2010; The opening of Pan-
dora’s Box: Climate change impacts on soil fertility and

crop nutrition in developing countries. Plant Soil335, 101-
115.

Sanchez, P.A.; Swaminathan, M.S. 2005; Hunger in Afri-
ca: The link between unhealthy people and unhealthy
soils. Lancet, 363, 442444,

Sievénen, R., Salminen, O., Kallio, M. (2013).The impact
of round wood and fuel wood removals and climate

change on the carbon balance of Finnish forestsa.Finn
For.Res Inst.

Slingo, JM., A.J. Challinor, B.J. Hoskins and T.R.
Wheeler, 2005: Introduction: food crops in a changing
climate. Philos. T. Roy. Soc. B, 360, 1983-1989.

Sohngen, B, Mendelsohn, R., Sedjo. R (2001).A Global

Model of Climate Change Impacts on Timber Markets.J.
Agr. R Ec.26(2):326-343.

21

Gener ated by CantScanner fromintsig.com

P e R e Y




US. Global 009C) i
GCRP). (2007). 0 : -
St h)eUnited States, [Thoma$ R. Karl, Jer
M. Melillo, and Thomas C. Peterson, (eds.)].
dee University Press. Re-

trieved om hit [[WWW. |obalchange. ov/
re ons/scientiﬁc-assessments/us-

publications/reports SEE==

impacts.

Wan, Y.; Lin, E; Xiong, W.; Li, Y.; Guo, L.
2011; Modeling the impact of climate change on
soil organic carbon stock in upland soils in the
21st century in China. Agric. Ecosyst. Environ.141, 23—
31.

Zaehle, S.; Friedlingstein, P.; Friend, A.D. 2010, Terrestri-
al nitrogen feedbacks may accelerate future climate

change. Geophys. Res. Lett.37 L01401; doi:10.1
2009GL041345. , s

ater]z(])

_ IR

Gener ated by CantScanner fromintsig.com



e I e b . s =

. ;V;te:tgf]stiurce Evaluafion and Investigation of its Quality and Sustainability for
: gan d Raiv P "Sr Pose using GIS Technology Reference from Open hand dug wells
er Streams, a cage study in Elala catchment, Northern Ethiopia,

East Africa

s Amanuel Gidey
nstitut - :
1tute of Geo-Information and Earth observation Science, Mekelle University, Ethiopia.

(Email: amanuelgw19@gmail.com, Cell phone: 0914751663)

ABSTRACT

The existing water resourcés jn
pansion of urbanization, chemical

El?la Catchment is adversely affected due to rapid growth of population density, fast ex-
ertilizers, dcforestalic_)n, very poor management of wastes and watershed management.

VET! T
3:.)”;:. Oc::fdtﬁ::a;?;;nino";rl‘;‘;mi:tél problems, a Systematic evaluation of water resource is essential for the proper
quality and suitability; 10 facililatg bc10us natural resources using GIS technology. GIS is efficient techmq\_xes for water
S{ S imerpretation _”eltler 'datz? analyS{s, map, interpolate, plan, combine data sgts, .rr.lampul.atc?, geo-
based on the assessment of - The objective of tl.us study was to evaluate water quality and suitability for irrigation
ntof pH, EC, TDS, Total alkalinity, Total hardness, Ca?*, Na*, Mg2" K*, HCO3", CO3%, CI', NO3-

Introduction

wate;l isa ba.sicl natural resource and 3 key factor for sus-
tainable agricultur. :
throughoulgthe wor?cll. d/i‘;rizslr?uerr:l 'al?d .rOOC? Secur'"y
A ) Irigation is a major
sector in green economic development of Ethiopia, as it is
the source of livelihood for majority of the population.
Howev;r, nowadays the rate of population growth of our
planet is drastically increasing that affec the natural re-
sources, landscape and environment of our unique planet.
The existing water resources jn Elala catchment is ad-
versely affected due to rapid growth of population density,
fast expansion of urbanization, industrialization, chemical
fertilizers and pesticides from agricultural practice, do-
mestic sewages, overgrazing, deforestation, salinity prob-
lem, very poor management of wastes and watershed man-
agement. Water pollution not only affects the water quali-
ty, but also affects the human health, economic develop-
ment and social prosperity (Milovanovic, 2007). Similarly,
the uncontrolled and excessive use of fertilizers and pesti-
cides has long-term effects on water resources (Chapman,

1996).

To overcome these sever environmnental problem and to
sustainable agricultural development as well as to elevate
irrigational production rate then to secured food security,
water resource evaluation for its quality and suitability
using GIS Technology is crucial. GIS not only facilitates
data capture, analyzing, manipulating, georeferncing and
processing, but also serve as powerful computational tools
that facilitate multiple map integrations that make it very
easy for people to understand a lot of complicated data
with less investment of costs, energy and time.

22 Water 12 (1)

The main objective of this study was to evaluate water

quality and suitability for irrigational use based on the

assessment of pH, EC, TDS, Total alkalinity, Total hard-

ness, Ca™*, Na*, Mg?" K*, HCO3", CO3%, CI', NO3" and

PO4™, to provide spatial distribution map of water quality

parameters using IDW technique, select suitable sites and

to analyze level of suitability based on pH, EC, salinity
hazard, sodicity hazard, bicarbonate hazard and specific
ion toxicity problem. The protection of the water resources
are matters of urgent to permit ecologically sensitive con-
struction and sustainable socioeconomic development in
the whole catchment. In this project the water quality was
analyzed using GIS technology and mapped via Inverse
Distance Weighed (IDW) spatial interpolation technique
has been used to estimate the spatial distribution of the
water quality parameters.

Materials and Methods

The co-ordinates and its elevation of the sampling location
of the water samples were collected using Garmin hand
held Global Positioning System (GPS) during field sur-
veying. For analyzing the chemical aspects of water quali-
ty in the catchment, observation of different open hand
dug wells and river streams have been selected for investi-
gation throughout the catchment. The water samples were
collected from thirty five, 13 from groundwater and 22
from surface water. All the water samples were collected

__-L
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in two liter plastic bottles which were washed a.nd triple-
rinsed with distilled water and with the collection water
before sampling and transporting them to the laboratory.

The water samples were measured.for it§ pH, EC, TgS,
hardness, alkalinity and major ions including Ca, Mg, 3,
K, Cl, NH4, NO3, NO2, PO4, S04, CO3 and HCQ3 _. Th;:
laboratory result concentrations were analyzed using A/? t
(Atomic Absorption Spectrophotometfer), UV (ultra viole
spectrophotometer technique), Titration ar}d Calculatlgn_
Methods. These analyses were carried out in Geocheml_s-
try Analytical Laboratory of Earth Science's D.e;')artmeqt in
Mekelle University. Water quality and sulltablllty for irri-
gation purpose to measure the concer}tratlon‘ of the water
quality parameters was assessed using Wilcox, (FAO,
1985, reprinted in 1989), Sawyer and McCarty, Eaton aqd
USDA guideline standards. Sodium absorption ratl‘o
(SAR) takes EC and percent sodium (%Na) to thc?r C'c.ltl-
ons in to consideration for rating of water for Irrigation
use; Residual sodium carbonate (RSC) by Eaton takes
values of calcium, magnesium, carbonate and bicarbonate
in to consideration to classify water for irrigation.

Where, ionic concentrations of the major ions are ex-

®Na= (Na*+ K°)*100] (Ca* + Mg + Na' 4 9] —l

=

RSC, meg/l= (HCO3'+ €03 - [a® gt

pressed in terms of epm.

The result of the laboratory analysis were analyzed, pro;

cessed and presented using  software packages like

ArcGIS, Arc hydro, ERDAS, Aquachem, SPSS, Microsoft
word and Microsoft excel.

Result and Discussion
Acsult and Discussion

Assessment of water quality and suitability for irriga-
tion purpose using GIS technology

The chemical
the suitability
tion and com
determine its

quality of water is a key factor to determine
of water for irrigational use, The concentra-
position of dissolveq constituents in water
suitability for irrigation purpose. The con-

The range of EC ang

TDS of the catchment shows that,
there were an increas;

ng both its value anq variability as

quality and g Suitability to
d based on alkalinity, harg.

water 12 (1)

ness, salinity hazard, Sodjy,
specific ion toxicity hazg,

Salinity Hazarq

The total concentration

can be expressed i ten:sfz?luble Rty "
diagnosis anq classiﬁcation iy, TD; "ﬁgit‘

of water based op saling Sation forD I%‘V
s Y gt

reForpmendation of "2 Wag Aoy gy
(Sadashivaiah ef al., 2008) and-((;‘?‘_o)w " g
According TDS concentratio |
suitable water class, from 4;10va
moderate water class, betWeen :

ble water to irrigation, but Watoto 0, By
2000 mg/L of Tpg Concentryy; T cogy; .
class to irmigation, Base o
71.43 % doubtfy]
good water clags, 1] 3% Unsyjty
% excellent Wwater clags 1, i igatio
ity assessment mog; of the wy : . |
were within the Prescribed Jimg s:]itp:)esl
water clas§ CXCEpt Some wate, sampy :s le hen
c'oncentratlor.l values abgye the desira;:‘at hag heenslh!:
tional use, Similar this © limy . b
Peninsula in Srj Lanka e

N
Water Cla S

result hag y, en
: Ie

by (N 1shanthiny et : Onzeg

Sodium hazarq (Sodicity ha

SAR is an important Parameter f,, the

the suitability of irrigation Water becayge it In

for sodium hazarg, The higher the Naj % "Sangy
. nrel,
Mg, the higher the SAR, anq the poorer -
tion. Sodium Adsorptj i

Zarq)

gation water classification <= 17
s 1(S1), between 101 meq/ mefig
, from 18-2¢ meq/l doubtful water
Or greater than 26 meq/] water clags 4

water for irrigation according (USDA

water class 2 (82)
3 (S3) and equal
(84) unsuitable
1954b) standard.

Regarding on sodium adbsorption ratios (SAR) the wate
samples of the catchment were classified under class |
(81) its concentration values were less than 10 megl
Therefore, based on SAR most of the water samples of ¢
catchment fall in suitable category to irigation us B
(Sultana et al., 2009) in Muktagacha Upazilain

i
P
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Bangladesh had been alsq reported the same this result.
Total Hardness and Alkalinity
Hard water is not suitable for jrr;

ness in the catchment was rap

mg/l with average mean 653 6
and McCarty, 1976) all the w

. gational use. The hard-
ging from 544 o 1,070.0
mg/l. According to (Sawyer
ater samples of Elala catch-

. ment exceed 300 mg/l which were considered to be very

hard water class to irrigation use. The alkalinity of water
is a measurement how the water is capable to neutralize
acids and this is due to the presence of bicarbonates. High
alkaline water with concentrations ranging above 300 mg/Il
was observed in the catchment, this might be due to decay
of organic matter, weathering of rocks and minerals.
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Bicarbonate Hazard

Water having high concentration of bicarbonates, there is
a tendency for calcium and magnesium (o precipitate as
the water in the soil becomes more concentrated. Irrigation
water with Residual Sodium Carbonate (RSC) < 1.25 meq/
| is considered as suitable water class, between 1.25 to
2.50 meq/l classified as doubtful water class and > 2.50
meq/l classified as unsuitable water for irrigational use

Fig-

(Eaton, 1950 ) and (USDA, 1914, 1954a)). Based on the

. guidelines proposed by Eaton (1950) and (USDA, 1914

and 1954), the water in the catchment was classified under
good irrigation water quality which can be used for all
irrigation types without any restriction. In Jaffna Peninsula
in Sri Lanka by (Sutharsiny et al., 2012) and in Maniyad
Reservoir of Parala Village in INDIA by (Aher and Desh-
pande, 2011) also done the same case.

B v

Calcium

= o
L P

Sodium

Figure 2 Spatial

Distribution Map of

Calcium and Sodium Concentration

From the above spatial distribution map of Calcium, it
was observed that an increasing calcium concentration
from upper scenario to down scenario of the catchment.
The increasing concentration of calcium in down scenario
of the study area might be due to gypsum dissolution and

Water 12 (1)

‘

carbonate sources from the geological formation and an-
thropogenic effects from factories and industries. As well
as | have understand from figure 2 the spatial distribution
map of sodium there was high sodium concentration dis-
tribution especially around Mekelle city. concentration
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e due to geological infor-

From the pelow spatial
Jow in western and

bicarbonate ¢
water flow path. This might !Jn
mation and carbonate wcatherl: rge Fro
distribution map of sulphate, the

increasing

Specific Ton Toxicity hazards (Chloride and

Sodium)

Toxicity normally results when the toxic ions are taken.up
with the soil water and accumulate in the leaves during
water transpiration to an extent that can damage the plant.
The usual toxic ions in irrigation water are chloride, sodi-
um etc. Sprinkler irrigation may cause special toxicity
problems due to sodium and chloride being absorbed
through the leaves. This occurs typically during periods of
high temperature and low humidity. The leaf absorption
speeds the rate of accumulation of a toxic ion and might
be a primary source of the toxicity.

Slope suitability evaluation to irrigation

Slope had been considered as one of the evaluation param-
eters in irrigation water suitability analysis. There are four
slope suitability classes (0-2%= S1 highly suitable slope
class, 2-5%= S2 moderately suitable, 5-8%=S3 marginal
suitable and >8%=N not suitable slope class to irrigation).
According slope result, from the total area 39 km? is high-
bf suitable, 141.50 km® moderately suitable, 47 km? mar-
ginal suitable, 113.25 km? is not suitable to irrigational
use. The overall view of the water quality and suitability
investigation for irrigation use of the present study indicat-
ed that most of the water samples in the catchment have
good quality water for irrigation use, but also unsuitable

water to irrigation purpose such as salini
s init
ness, alkalinity problems. ity hazard, hard-
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environmental problems In

¢ Using Waste Stabilizatio, p,

eafmen 0
san Domestic Wastewaf‘;’ gSApplication, In The Northery Ethi:d. Ty,
“ a
Ur The Help of RS an Mekelle City” Pig, N 010&1,
Hith Regional State, Mé g"qy
dhin, Lecturer of Geo_Information System, Mekelle UniVersit
pmats i Email: amarenigusse@yahoo.co.uk
Cell phone: 0932163507
nstitute of Geo_Information and Earth Scienceg
treatment site mechan'ism. In general, the ;.
. severe problem especially in the manageml g,
i has been one of the major was{ewater. Henge, the overall Sanit s?tﬁao.fd"mss:]‘p
astewater management has be¢ This city can be described as poor ang D & tiop " e
Urban w many parts of the world. Thi this situation is highly recommendeie?;lézgemionlge
n

developing countries wbere
is rapi economic growth espgcxally
:}rl)et;felir?:; centers which in turn results in prod}t:ctu:gvcz-f
unmanaged urban wastewater. Howe\{er, the p :
:ixoc: sosf services including wastewatf:r collech?n anddtre;
ment are not kept in pace with rapid population and &
nomic growth which (Masudi, et al., 201 .
It is estimated that 90 % of all wastewater in developing
countries is discharged directly into rivers, Jakes or oceans
(Corcoran, ef al., 2010). Such discharges are !)art of‘the
reason why deoxygenated dead zones are growing raplfily
in the seas and oceans. Untreated wastewater is the miss-
ing link to meet the sanitation challenge. Some of the like-
ly adverse effects of discharging of wastewater in to water
bodies include; problem on human health, loss of fish life,
ecosystem degradation and ultimately led to loss of water
resources (Hodgson, 2007).

A study conducted by Lyse (2003) revealed that nine out
of every ten African Cities are facing up serious
wastewater disposal and treatment mechanism problem.
Like other African Cities, the Ethiopian Towns have been
experiencing similar serious problem of urban wastewater
disposal and treatment mechanism. The study area,
Mekelle City lacks proper infrastructures for collection
and treatment of urban wastewater so that the wastewater
released from different sectors join the urban drainage of
the city that finally flows to the Ellala River. However
such practices have the potential to contaminate ground:
water table, groundwater reservoirs and surface water bod-
tes that create health problem to the surrounding society
(Derbew, et al., 2006). This problem is mainly emanated
due to the absence of piped sewerage line network and

more severe 10

blem is
P d population and

water 12 (1)

HYWASE, 2008).

In order to minimize this impact, Wasteyy

establishment is an essential meang (0 cope er eatmem
rising challenges. WSP is among the differeu With i
urban domestic wastewater treatments which“i‘ Meang
simple, least cost and widely used especially in: € iy
and sub tropics regions of the worlg (Corb‘e Opig
Gemitzi, et al., 2007). Therefore, to select suitablln’ '2 ;
WSP, GIS tool is used to analyze the multicrite?s“e I‘"or
bles. Generally, the aim of this study was to idem?a vaga.
ble sites for waste stabilization pond (Wsp) andf): it
lyze the WSP suitability of the study areq usin e
and GIS technique 8 the g

&y

Methodology

The primary data used for this study were collected ys;
GPS, personal observation and discussion with expenslzgf
the municipality. GPS was used to collect GCP (Groung
Control Points). The secondary data used include hydroge.
ology, groundwater, soil depth, DEM, Quickbird and
Landsat TM satellite images and admistrative boundary
were collected from different organizations to drive the
important parameters. Table 8 below shows the data types
and their sources.
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Table 1 Data types and SOurces

No. Type of D
YPe of Data Source of data Spatial Date Acquisition/Production
e — resolution/scale
1 - -
Quickbird Image Mekelle University 5m 2010
2 Lands
at T™M Mekelle University 15m 2008
3 DEM
USGs 90 m 2007
4 H
yerogeology EIGS 1: 100,000 1975
5 Soil
°ll depth HTsL 1: 50,000 1975
6 Tigray topo map EMA 1: 120,000 2011
T Ground
RtEN Dgray, Water 1: 100,000 2006
Resource Enterprise

» DOltware packages (includin
ArcGIS 9.3 , and ERDAS Imagine 9.3 and Coordinat%

Convertor).

To select proper and reliable site fo
wastewater treatment (Waste Stabilj
variables were considered to develop
include depth of water table, soil pe
vation, soil depth, LULC, settleme
tance and river distance which were
ent sectors. Visiting field was und
GCP samples randomly taken from the existing land uses
(town, agriculture and forest) with total number of 30
GCP to make supervised classification. And, once these
field data and thematic maps had been collected, ArcGis
9.3 and ERDAS 9.3 imagine were used for data prepara-
tion. Preprocessing images (geometric and radiometric

correction) was carried out for Quick bird and Landsat
TM prior to analysis.

I urban domestic
zation Pond), nine
WSP model. Those
rmeability, slope, ele-
nt distance, road dis-
collected from differ-
ertaken to collect 10

Then, the collected satellite images (Quickbird and Land-
sat TM were receptively used to drive feature class ( set-
tlement area , road and river ) from Quickbird through
digitizing and Landsat TM to make land use land cover
classification. DEM image was also used to drive slope
and elevation. While the remaining thematic maps (soil
texture, depth of water table and soil permeability) were
used to drive feature class through digitizing after they
have been scanned and georefernced. Arc GIS 9.2 was
used for data preparation (digitizing, classification and
reclassification) and suitability analysis (modeling) where-

as ERDAS Imagine 9.3 was applied to make supervised

Wwater |2 (N

classification in order to generate land use land cover
class.

Data Analysis

During WSP suitability analysis, different baseline maps
were generated using the ArcGis 9.2 and ERDAS 9.3 tools
from different existing maps and images. Those map lay-
ers were classified, reclassified and finally rasterzied in
the Arc map of ArcGIS. Then, weighted value estimation
using linear combination formula was carried out in order
to compute percentage influence variables. However,
ranking of variables were a precondition for weighted
value determination and was undertaken by the local ex-
pert’s judgment. After computing weighted value of each
variable, normalized weighted value of each variable was
calculated using linear combination formula. Finally, per-
centage influence of variables were obtained by multiply-
ing parameters normalized weighted value (PNWV) by

hundred percent or it can be abbreviated as PNWV *
100%.
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There is no universal commonly accepted :
classification on WSP establishment in national or interna-
tional level. The suitability classes of factors for this study
were modified from international guidelines of land fill
selection. Table 8 shows factors classification and suitabil-
ity for WSP site selection modified from international
guideline of landfill site selection (Oelzschner and Mutz ,
1994; Oweis and Khera , 1998).

Source ; ( Oelzschner and Mutz, 1994; Oweis and Khera,
1998)

The weighted value of each criterion was estimated based
on the following formula.

(mrj  +1) /2 (nrktl)

Where wj, is normalized wei j
o , eigh .
criterion B

n, is the number of criterion :
ation (k=1,2,3....n) under consider-

tk, the ranking position of the criterion

water 12 (1)

gure 1. Chart flow methodology ado

standard criteria

pted

Each of these criterions was weighted by (n-rj+1) ang
malized by the sum of all weights which is X (“-rkz(;[.
Table 3 Weighted values of variables )

Result and Discussion
3.1 Identification of Potential Areas for WSP Establish.
ment

In this study, it was found that the city has large amount of
alternative places for establishing waste stabilization
pond. There are five class category of suitability of WSP,

very high suitable, high suitable, moderate, low and ‘
very low suitable areas.
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Table2Facmmﬂ$;dﬂedlnd thei

suitability classes
No. Factors Considered Suitability CI
Very high High "Medium  Low Very low
1 Slope (%)
0-10 11-20 21-25 26 —40 41— 60
2 Soil permeabitity
: ty@mmbh) <5 5-15 16-30 31-50 =50
3 Depth of water
table Above 30 21-30 16-20 10-15 <10
4 Elevatnon
() 1932- 2035-2100 2100-2163 2163-2221 2221-
2034 2313
5. Soil - - - - - ' o
depthlcm) ° /.7 450120 © 12090 - 9060 60-30 <30
6. Distance from road(km) =5 53 3.2 2-1 =1
7 Distance from settlement =5 53 B2 2.1 =1
(am)
[ Distance from road (lkm) 4.3 32 2.3 1 =4 &
=1
o LULC
Vegetation X

Each of these coterions was weighted by (n-1j+1) and normalized bty the sum of zll weights

which is T (n-rdk+1). Table 3 Weighted values of variables

No. Crntenien Straight Weight Nommalized %
Rank weight mflnence

1 Depth of water table 1 9 02 20

2 Soil permeability 3 7 0.1555 156
3 Scil depth 6 4 0.0888 g9
4 Slopse 4 6 0.1333 133
5 Elevation 2 8 01777 178
6 Distance fromrcad 8 2 0.0444 44
7 Distance fromrver 5 3 0.1111 111
S Distanoe from 7 5 0.0666 6.7

settlemerst

9 LULC 9 1 0.0222 22
Sum 45 45 1 100

From the above map of WSP suitability, the most suitable
sites lie in the North West and Northern parts of the study

The result of the study exemplified that depth of water
table, elevation, soil permeability and slope are found the
most determinant parameters affecting WSP site selection

area whereas the least unsuitable sites are found in the having 20%, 17.8%, 15.6% and 13.3% of influence re-

East and South parts of the study area. This implies that
there are constraint variables that hinder WSP site selec-
tion and finest variables that favor WSP selection.

fluence.

water 12 (1)

-

spectively that accounts 66.7% of the total variable’s in-
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Figure 2 WSP Suitability Sites

The topographic factors like slope and elevation were also
found very crucial factors during WSP site selection. In
fact, it is unfeasible to select a WSP site without consider-
ing slope and elevation since water always flow from high
altitude to low altitude. The finding demonstrates that are-
as with lower elevation and flat gradient were found more
preferable for WSP selection. In contrast, areas with high
elevation and steep gradient were found mostly unsuitable
for WSP establishment. Similar study conducted by
Amare (2011) noted that areas having slope that doesn’t
allow positive flow were considered as unsuitable while
areas allow positive flow were considered suitable for
urban runoff treatment establishment.

The outcome of the study depicted that depth of water
table and soil with low rate permeability of water are pref-
erable due to less percolation of wastewater. But, incase
soils have high rate of permeability; water table can be
highly affected by leachate from landfills (KCC, 2000).
Moreover, a study by Javaheri, ef o, (2006) believed that
soils having high rate of permeability are considered as
unsuitable while soils with very low permeability are an
optimal to landfill site selection, A study on land applica-

Furthermore, the study demonstrated that 66.79, influence
is held by depth of water table, elevation, soi] Permeability

water 12 (])

CGener at ed

and slope whereas the pe inin
land use type, soil depth, road disg 33
Those variables have smal|

WSP site selection, LULC
(4.4%), distance to settlemeny (6' 7; : dis‘anc %Qc.e'
and distance to river 11.1% ang h‘ %), 505 q C

.. . en Q) To,
determining WSP site selectiop, ¢ haye leggtih (8,9;‘1
[’n 0

nCe a sl de {4
perCemagend nVQ:Zl & by

n
(2297, of innuls‘an

A study on urban runoff trea

Dar City by Amare (.201 1) useq Varigp lshmem i
to settlement, elevation, slope, distang es Such&sd-n &
to road and LULC, Among thog, : €to Tivey d!Stance
tance to settlement wag :

given the hi el? Parapyey,
influence followed by-ele .

L o
Vation and p eftema 6

ent with this WSP study. This may szoge Which 3 d%:e o
pact of topographic factors since Bahj; D“e t‘? the lesz_rer‘
less flat. In contrast, LULC yygg given th:r] City j Mg
of influence which is simjlay for thig WS 3t perge
Other study on landfill ste Selection p Na;electiom o
also found that LULC has the |gyeq, percer. e

ence since LULC could be Compromiseq. Mage o ing,,
Further study by Meinzinger (2003) o
ment site selection stated that ©
depth of water table had Jit]e infly
of wastewater although the Jast 0
critical where high potentia] of
wastewater land application est
showed that as distance is incre
and river, it found that the suit
creased because it results in les
Public opposition decays exp
increases (J avaheri, ef al., 2006)

lment establ.

0

. as EWate,

s0il type lang urs:eat'
Ne was foyunq top
Water table p, hibj "
ablishmepg » The fingi
ase.q from road, senlemengt
ablllty of WSP i alsg jy,
S enV{ronmental Pollutigy
onentially whep distancé

Similar study was ca

ITy out in WSP site selection
Greece. During WSPp

site analysis fiye importan Parame.
nd use type, soil permeability, gis.
€s were considered (Gemitzi, ¢f al,

study conducted in Greece is differ.
ent as compare with thig study. That study was used the

criterion  without any estimation of variables weighted
value (percentage influence) which is not more sound and
scientific in WSp suitability so that all criterion were had
€qual percentage. But, the study held in Ethiopia, Mekelle
City used weighted value estimation of variables using the
linear combination formula. The second important differ-
ence was class suitability of variables were also different
within this study. This is because there is o univers

commonly accepted guideline on how to establish WSP
sites.

tance (o road and cjtj
2007). However, the
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Other study was also conducted in gife suitability naseys.
ment for Cf:‘nlral anacrobic treatmeny iy, 'I'Imil:uulxvl;i;‘tl‘ Ei:
one part of WSP system (Yuttitham, o al, 2003) I)m:nl:
the study, they used variables ik (ransportation Iluml 1 ’
distance 1o river, distance (q settlement, (Iishn;cu (0 »;:
farm and waste source were considered when W-w "Vv.};
selected. The study had more similarity within lhill' S0 .I‘
conducted in Ethiopia, Mekello City in the wu\/‘ullT l'li(‘ll(|;$"
odology ‘uscc.l, data analysis und linding, The wei .m |
value§ 01"varmbles were determined by "i‘l1|yi|;;n ”w'f'“;_(.
combination formula so that facior pcrcculan of iII”lLI'-
ence was casily identified, Accordingly, disl,,,;w (0 tiver
was found the most influential factor, vln C()Il1|‘(1.\‘l“|1||)(| use

Table 4 wsp (area and suitability)

Suitability Class of wsp A

wan found the lenst influentinl factor which is exactly con-
cise with this study,

3.2 Anulysis of WSP Sites

The ol aren of the study area s 108 km?, Out of this
aren, 213% in suitable for WSI setting up while §1,3% is
unsuitoble and the remalning 27.5% is moderately suitable
frcas, Mot of those unsuitable sites are characterized by
sleep slope, shallow depth of water table, high soil perme-
ability und shollow soil depth which are considered as
constrnints for WSP selection, ‘The table below shows area
in (km?), number of polygon and suitabilbbity in terms of
percentage of WSP selection,

Ar e in kan?

Suitability (%)

Ve 1 — - —
ry High 82 76
|
High 14.8 13.7 |
I\IOd&rate 3 !:, 292 i
}}
o 206 18.2 |
4 ¥ . =5 -
Very Low 349 323
7 R T L1 AR 1727 | i d, i 72
Therefore, the city has large enough area for Wp estab.
lishment. However, the specific size and service year or - || Waste Stabliization Pond Suitanility i
duration of WSP is depend on mean minimum monthly
temperature , the papulation growth and wastewaer efMu- Genbaellz
ent  discharge  (Economopoulos  and  Tsihrintis )
(2002,2004). From the figure 4 below most of the poten- !
tial and efficient sites are located in the North West and
Northern parts of the study area. The lowest clevation
found the most suitable arcas is represented by NO. 1 even ) 1
though areas represented by No. 3 and 4 represent poten-
tial arcas. it is difficult practically to apply since the sew- e
ine outlet lic in the North West which is marked by | phis e
erline outlet lic in the North W i 3 8 Y a 2 @W{:ﬁ% "
and 2 ‘ AT
‘ i
‘el . v 14 . :
Conclusion and Recommendations Juit )
¢ Legen
) é,.g?’ = gwoarling
The objective of this study was (o establish WSI' site, (o i 1 HEY Very low a
- . ‘e ) B analvrad [T Lew B
do so nine significant parameters were carefully analyzed P Ny e £ M2 dorats
to select an ultimate sile for (reating urban domestic P High
o : o « are e \d [T |Very high
wastewater of Mekelle City. Those paramelers are liste

out in table thice with their weighted values and percent-
age of thucnee.

The result map figure two and three indicate that North
West and Northern parts of the study area arc the most

Figure 3 WSP Suitability and Swearline Network

Water |2 (])

v . v T
asoa wann0n ¥ 1000 Sadrion 106 ey

cffective site for WSP whereas the Eastern and Southern
parls arc the least suitable sites. During the process of
treatment site selection, depth of water table, elevation,
soil permeability and gradient were found the most deter-
minant factors while LULC and road distance were
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meters. Out of the total

arad
aining 51.3%

influential p
fhe Leas! and the rem

ere found suitable BEIE S
i So, this implics that the city has large

an be used for WSP establishment. In
ds which are an €x-

ater treatment.
water or septic
erline network

among
ared, 21.3%
were unsuitable.

antial area that €
ps:::;‘lq; ‘WSP consists of scries‘ pori o
cellent mcans of urban domesllc_\ms' c»ﬁ
Finally, every houschold’s dome.snc wasﬂtu,
tank will be directly connected with the s&w

{o discharge to selected WSP sites.

The following recommendations had been forwarded

based on the findings of the research.

ed in the

e Most of the suitable candidate areas are locat

North West part of the study whicl : ‘
low elevation and flat gradient. So. before inauguration

and implementation of WSP activities, assessment of
flood vulnerability is precondition task that the concerned

bodies should make sure.

e In this study the size area and duration (service year
of WSP) is not determined becausc of absence of relevant
data. Therefore, further assessment need to be carried out
in areas related with this issue..

¢ The water released from WSP treatment site is not
advisable to use for irrigation, washing and other purposcs
before checking the water quality in laboratory.

Most of the sites are found in the margin of the city where
there are farmers so that awareness creation to the local
people should be under taken before commencing this
project unless it may affect them.

References

AGCCHEA and HYWASE, (2008). Mekelie liquid waste
management feasibility report

Amare Sisay , (2011). GIS based site suitability assess-

ment for establishment of Biorentation system, the case of

Ba/.1ir Dar Town. Unpublished MSc. thesis, Bahir Dar
University, Ethiopia. |

Corbitt, R. A, (1994). Standard handbook of environ.

mental engineering (2™ Edit; ,
Fes g (2 Edition). McGRAW Hill, New

Corcoran; E., Nellemann C
i ,C., Baker, E. Bog R
Osborn, H. S. , (2010, Sick water? i |

wastewater man
rapid response
Programme, the Netherlands,

agement in sustainable development. 4

Derbew, F., Epstein, P, and Sch,
Structure inventopieg Jor Mekell,

Wite¥igipgton D.C.

) is characterized by

The central role of

assessment. United Nations Environmcnt

acffer, M., (2006). Infra-
e Town. The urban ingtj-

Gener ated by CantScanner fromintsig.com

Gemiltzi, A., Tsihn'mzisb, ' 5

C., (2007). Use of GI§ ip SCU,,,.:, J)ri;tgu :

1 1C wac 5 5t R

ties for domestic wastewatey sty “"«‘*tif,n'"*ip

ronmental Maragement ) Pp ]Ssem, Jsi g
TIN5 g ey

Hodgson, LO, (2007). 065 of H,

Feify *r
Akosombo Waste Stabilizaj, f”manc_ L

N Pona. .
Water Research Institute. Aceyy ‘Z‘gv in
s \L&na
Javaheri . H., Nasrabadi, T Jafag;
G. R. and Khoshnam | H, ":9-0051 My
nicipal solid waste landfil] using an. f‘fe Selo, -Rq“‘&h
ess methods in a geographics] ii{ma 2
envirommnent in Girofl, [ran, s En_).onna%n Chy %\
3(3), Pp. 177-184, O Hegiy 3}%1*;
L

KCC, (2000 ). Environment iy
posed extension 0 Mpererwe
brary.

iancjt Siateme for
ANitary landﬁ“ Kuéc%
Koy
Lyse, O., (2003).#aste disposql hay l\
of Zambia. Relrieved
stories/200303050103 himi.

H?ts c”’ ¥

; s e,
Ar(l)m LG oy
‘ ceessed {19710, Ly
Masudi, A.S., Mashauri, D4, Mayo, 4 i ]'
T.S.. (2011). Constructed werlandsljbr. ‘1' ol
'astewater :

ment in Tanzania. WSP & Cjv Research p
« . X C ] y
sity of Dare Salaam, Tanzaniq, Tojecy

Meinzinger, F., (2003). GIS hage
the lund application of was
} L SRR ;(IS!) 1 )
f wastewazes of Cheise

MSc. thesis, Lineoln Univers; hurch
24 . Dio, bl 7
15, Linicoln University, New Zegland,

Nakakawa, A., (2006). 4 spatiql decision g
landfill site sefection Jor municipal .volidc

ment. A project report submitted (o scho'(:;mf e
studies in partiai fulfiilment for the award of I\(/)lc greduge

' o - 3C. (e
in Computer Science, Makerere University, Usangy v
L o) 3

PRort o

Oeclzschner H 20 Minis (1004
- Hand Mutz (1994) Guidel;
e {1994), ""““Cb“-ﬁforanappropri.

H‘.’lﬂ(‘.o moa 7 i STy Aof T A 1 i

‘manageincat of domestic santlacy tandfill sites pu

cations.  Deutchic Chafit  Fur
ey

AR Y=
ate

~ .
Geselis

el o

: Tecnische
Lusanminenaroii

O\‘/ 3 Q sl Trhen T
\els'. I.\) [ZBYSVERRAY ! WWia ’ R ' 1‘ ()'98) GCOYCChIlO]Og)’
of waste manapenent (2™ edition). PWS publishing

company, London, UK.

Y‘dtll.[halil, M., Tripeteliknd, 5., Gale,G, A., Chiaipraser P,
Tﬂ.ﬂ{iChﬂ"OE‘ll J\."L ana Si]a!~1?2<\-1'—1011g ,C<7003> Site it
flblmy assessment for 2 central angerobic treatment fadk
Ity for biogas production in Nakhonpatbom Provit
Thailand Proceedings of the 2 regional conferent® 0';

energy technology towards a cleen environmet 12}
february 2003, Phuket, Thailand.

g




F———

fore, elements of suslat'nabilily
forts that have been made Jor th
ly. Still, a lot has to be done

and theijr ji,

e last three deca,
to bring

Introduction

Background

Obviously, water is very essential 10 live and enhance
development. Ancient civilization and modern sctllcnfcr:fln
are certainly based on availability of watey sources Mossl
cities in the world have established near o rivers lz;kcq or
other water sources 1o that to assure their wz\lcr,sc :
However, in some circumstance 1'ollnwing water
for settlement is not feasible option, because some areas
might have abundant water resources but unfavorable fo.r
livelihood and living. On the other hand the nature of 2
livelihood in a particular community affects settlements
be made in water scarce areas, Searching for rain feed
agricultural land, rural people have settled at top of moun-
tains where the availability of water relatively problemat-

ic. This situation is commonly pronounced in Ethiopia
too.

curity.
a source

to

The rural settlement of Ethiopian is very scattered and
very difficult to provide connected water supply system.
Therefore, independent system for ever village is a man-
datory unless for some exceptional cases. These make the
effort of the country very challenging not to address the
water supply coverage very quickly. The rural water sup-
ply coverage of Ethiopia was 14 % before 1990 and cur-
rently the government report show that it reached about
60%(MoWE, 2013). Recently, the national government
with its partner organizations celebrated the achicvement
of the Millennium development goal 7¢ = o halve the
population without water access by year 2015. This suc-
cess story could be a springboard for future endeavors but
not to relax now. Because as numerous number of water
points implemented every year about 33% fail to give
service. Therefore, the achievement can show to the actors
that they can go more. On the contrary, the record ()i" non-
functioning schemes shows the gap of sustainability in the
sector. Details will be discussed in chapter two and lets
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knowing underlying situations is very crucial. There-
and discussed in this paper. Based on the review, ef-
of sustainability issue but Jailed to achieve substantial-

olving all stakeholders and extending supports during
age their systems.

see few definitions of terms that are commonly used in the
Wwater supply and sanitation sector, and in this paper.

Definition of terms

Water supply coverage

Water supply coverage can be defined as the proportion of
total population that access to improved water supply. Of
course, it is clear to discuss about coverage but the term
“improved water supply”could be clearly stated to avoid
ambiguity because the presence of a water point in a com-
munily cannot guarantee the service coverage. Pipe water
(house-connected, yard, public tap), boreholes, protected
springs, protected dug wells, rainwater harvesting and
bottled water are considered as improved water supply
system (WHO/UNICEF, 2005). However, the service

should satisfy the quantity required, standard quality and
reasonable distance - accessible. ‘

Non-functionality

The Oxford definition of Non-functionality is “Not oper-
ating or in working order”. In the context of rural water
supply schemes, non-functionality could imply scheme
that stop giving service, schemes fail frequently, schemes
with inadequate water, and scheme with bad water quality.
Generally, a water supply scheme that lead user to g0 to
alternative water sources called as non-functional scheme.
Since this definition is not universal, this context will be
consistently used in this research.

Sustainability

The definition of sustainability is becoming very subjec-
tive and varies from discipline to discipline. In fact, it is
the most used and abused term in the development
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party that arrangesthe provision 0
some thing, and produceris a party th '
on the physical implementalion of things using sup

inputsby providers (Ostrom, 1990). To moke very clear, if
a government provide contraction materials, spare_parts,
and technology and the user put in place, repair and
mange; the government is represent as provider and the
user producer. Still, in some €ases government could be
found as producer if it tries to discharge implementation,
repair, operation and maintenance of systems. The hierar-
chal relation of institutional framework, provision and
production are well explained with illustration by Katko

and Hukka (2015).

Institution

In.my personal observation most people refer governmen-
1l offices, schools, churches and other public gatherings
as institution. Moreover, in many studies institutional de-
velopment mentioned as one of the important factor (0
bring sustainable services (Katko, 1991;Gine and Perez-
Foguet, 2008; Eneas da Silva et al,, 2013 and Spaling et
al.,, 2014). Unless we have common understanding on the
term the output of efforts may be questionable. Therefore
the definition employed for institution by Douglas Cf
North (1990) will be employed to assess the sustainability
factors. Hodeﬁned it as follow. “Institutions are rules of
the game in a society”. It built on the social norm, eco-
nomic ability and political will (North, 1990, 3). In ;etum
it affocts economy, politics and other sociai matters. No
gno is excludod and no one expected to be passive in
u(ljldmg eff'!qent_msutution. Every partner has own role
:Ecczzponmolhty. The cumulative effects will determine
iy l;n institution. The analogy of football game
e ; 99) and the representation of the pla i i
1on (Mattila, 2005) can show how insti LEe
institution is the sum

of rules that desi :
i ned o
tives, gned for intended organizational objec-
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tion from 40% in 1990 to 49% i 20100 ;
2012). The factors that seriously affect the oy ’
population growth, c]imato change (Howard, 20T|aogc i
high rate of non-functionality,and lack of es‘ablishmi’n t[hc
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cost recovery system of its incffectiveness (Harye
2007 and 2008) V.

tional governments, partner organizétions
ardly supply water supply services for‘ l;n’d
asing populations and the Conespondim
developing countries. Rather initiatiw?f
ty and their contribution to the inyeg,
ment cost, and operation and maintenance is very i,
ant and determinant to ensure sustainability, Other.
it is a huge burden to the governments. It is re.
sources consuming and unrealistic for the governments o
take charge of the management duty of water supply
schemes after implementation. As mentioned above, in
average 40 o4 of the populalion waiting new services from
the govcmmcm. Therefore, the users niced to be empow-
ered and involved from the very beginning of a project to
create concern and fully responsible for the post-
implementation management and to give breath for the
national government and partner organizations.
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burden on them while the end user suffef
potable water supply and safe saritation. Therefore:
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interests of community managed water supply and sanita-
tion approaches, and community financing mechanisms
should not overlooked for physical involvement of user in
the implementation, rather it should be considered as a
principal means of sharing burdens. It is easier for the

community to take a protective measure in the system and

consult the back-stoppers in the curative maintenance for

technical support. Otherwise, the system faces tragedy of
the commons (Ostrom, 1990). User benefit from water
supply system as far as it is operational otherwise the g0
back to unprotected sources when fail to operate. This is
actually against the objective of water supply.

As reported by WaterAid (2011), Taylor (2009), Harvey
(2008)and many more literature non-functionalities of
water schemes reach 35-50 percent, exceptionally in de-
veloping countries. However, the causes for extensive
service breakdown are many (Laura R. Brunson, 2013)
and vary from place to place, but lack of protective
maintenance might exacerbate its severity. The implica-
tion of high non-functional rate is service coverage ov
shadowed and the cfforts undermined. Thus. non-
functionality attribute directly to the sustainability gap that
reduced the total coverage by the same proportion
(Harvey, 2008).

<r-

In any cases, the presence of high service breakdown rate
could hinder the effort of addressing all. For example, in
Ethiopia reducing functionality rate is one of the agenda
of the Universal Assess Plan (UAP) and the Growth and
Transformation Plan (GTP) to act against malfunctioning
from 30% to 207 in addition to the new developments
(UAP, 2011) and (GTP, 2010). The money, which allotied
to cure non-functionality, could be reduced significantly if
the communities were involved properlyduring implemen-
tation. However, improving the coverage of potable water
supply and combating retarding effects have been ad-
dressed under different programs, but the impact is trivial
and no one can be sure what will happen beyond the time
horizon of the programs. In general term non-
functionality is testing stakeholders in the ~/zter supply
and sanitation.

Factors of non-functionality of rural water
supply

Different researchers referred different elements as faclors
of sustainability. The most common factorsare social as-
pects, cconomic aspects, environmental, and instituticnal
aspects (Kadw, 1991:Bendahmane, 1993; Carter etal,
1999; UN, 2007; Gine and Perez-Foguet, 2008; Montgom-
ery etal,, 2009; Eneas da Silva et al., 2013 andSpaling et
al, 2014). Moreover, Carter et al. (1999) and Harvey
(2007) insist to consider continuing support as important
part of sustainability factor.

Water | (1)
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These elements are actually complicated. One element
drives the other, thus it is difficult to explain separately.
The main ideas that can be concluded from the literature
mentioned above are the user and external agents need to
take the most responsibility to keep system sustain. More-
over, among the factors social, economic, and institutional
aspects are strongly tide together.

The stakeholders of water supply development are nation-
al government, local government, other partner organiza-
tions and the user community. The former three stakehold-
ers have resources and technical ability to do projects, but
they can’t be absolute producers of systems. Whereas the
user community may not have idea about the project and
they are benefiting and live with a project. Here comes the
need of thinking sustainability factors so that systems sus-
tained. The social aspect is meant to contextualize projects
in the manner it can be understandable, usable and re-
spectable to a particular community norm and living style.
The cconomic aspect emphasizethe user community to
lake part in contributing investment,operation and mainte-
nance costs - for this the community needs to be con-
vinced, social work has to be done. The institutional as-
pect focuses on rules of the game of the systems manage-
ment (North, 1990). Therefore, the role of external agents
seems very significant to involve and empower the user

community in order to achieve the three elements of sus-
tainability.

Environmental factor, of course, is somehow uncontrolla-
ble at projects level. Thus, it needs collaborative actions
with other scctors like national environmental protection
agencies. watershed management department, Agricultural
and Industrial Ministries. However, during planning of
water supply projects a due attention should be paid o
select and implement appropriate technologies that fit the
environment. From this aspect, wells dry up and yicld
reduction apparently are common problems in rural areas

of the developing countries where climate change seen
dominant.

The other very important element suggested by Carter et
al. (1999) and Harvey (2007) is continuous support. Users,
especially in the rural areas, are less exposed (0 a new
management style and face shortage of cconomy to run
systems. According to carter et al. (1999) and Harvey
(2007), letting user with new system and strange manage-
ment philosophy that they have never experienced will
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not produce any positive impact, though all other sustain-
ability factors taken into account. The support is actually
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Figure 1: Roles of external support and user in producing a water system.

In general, the sustainability factors fall under the respon-
sibility of the all stakeholders in different degrees. Exter-
nal agents are responsible in providing all requirement
inputs for the implementation and management of water
supply systems and the user community involve in the
production of services right from start of projects. In other
word, communities need to be the center of development
of water supply and sanitation services.

After the International Drinking Water supply and Sanita-
tion Decade (IDWSSD), the paradigm of supply driven
shifted to participatory approaches to promote the involve-
ment of user. Still, the concern is not changed and the
problem also not solved. This situation has different fea-
ture from country to country. Accordingly Ethiopia imple-
ments water supply and sanitation through various ap-
proaches to reach and empower the rural people. One of
the approaches that strive to go into communities deeper is
called Community Managed Project (WFI, 2011).Thus,
the research plan for the doctoral study is focusing on
these implementation approaches particularly Community
Managed Projects (CMP) approach.

Conclusion remarks

Based on the literature review the following points for-
warded as conclusion remark.

Rural water supply and sanitation are the most active

agenda of the developing countries for the last three dec-
ades,

The efforts of national governments and partner organiza-
tions are overshadowed by high rate of non-functionality.

Currently, significant numbers of people are still without
the services,

Social, economic and institutional aspects of sustainability

water 12 (1)

should be elements solved together since e could be
g

result of the other,

Environmental factor is a factor of sustainability of wa
supply service but the solution should be interdisciplngy
and universal. Still, environmental aspects at small scik
should addressed adequately Lo protect sources from con-
tamination, select appropriate and site specific technology
that cope up existed challenges,

Wise and continuous support in addition to fulfilling e
other sustainable factors is vital to enable vscrs mange d

sustain their system.

The technique of approaching user communitie
the success of built schemes in terms of sustain

s determine
ability and

& ) should
long lasting services. Therefore, every community

be approached in the way that they will have

fingerprint in a system.
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Abstract

The consequences of flooding are complex and far-reaching. These consequences include direct d

structures, as well as disruption of economic activity and displacement of affected population w'lhamage to Toperty
evacuation and temporary accommodation. The first work undertaken includes the flood haz,ard] lhe.a“endam Cc:s[:I;d
along a 130 km reach of Baro River in the Gambella region of Ethiopia. River cross-section pmme’:ﬂppmg Which g gy,
topographic surveying at selected locations along the main river. The measured Cross-seclions arzr? Measureg lhroug
floodplain digital elevation model through various GIS techniques. The flood model of the study arealm.egrale.d Vih e
the 2007 major flood event by changing values of floodplain and channel Manning’s roughness con:ff':ci::\as Calibrateg for
paring simulated water level against measured water level at Itang gauge station. Model Eerl'ormance I8 efi’la;m:i e
mean square error (RMSE), bias, and average absolute percent error (AAPE). The RMSE for the ca[ibratio::‘l[ed'byruol
0.119m which is only 1.998% of the average depth; the average bias error was -0.115; and the overal| mode] apvemd .
solute percentage error was 1.967%. Values of all objective functions [all within reasonable limit suggesting Sa;;igeab
performance of the HEC-RAS model of the study area. Simulation was done for historic flood years 0F1990 2000 aZClI);rﬁy |
2007 and 2010 using the calibrated flood model. Simulation results show that 30-85% of the total area of’kebel’es Iiké |
Puldeng, Aleha, Waar, Adima, Itang Kir, Awany, Itang Town (Achua Kebele), Okura, wathgach, and Pilual was inundat
ed by the five major flood events. Puldeng is the most affected Kebele in terms of inundation extent. Furthermore, tools
were developed with the help of United State Geological survey (USGS) for flood mapping with globally available or
locally produced topographic data. The resulting GIS Floed Tool (GFT) was developed to operate on digital elevation |
model (DEM) data to produce patterns of flood inundation corresponding to a river discharge or stage value specified by
the user. The GFT was apply to mapping the inundation mapping for Baro-Akobo-Sobat basin and uses the DEM to de-
rive stream networks and stream cross-sections. The Manning equation is then used for each streams to construct a stage-
discharge relationship for each cross-section. Use of the stage-discharge relationship along with a specially processed R_tl-
ative DEM allows for rapid mapping of the inundated extent. The resulting inundation patterns was used in conjunction
with additional geographic information describing settlement patterns, transportation networks, land use and Iar?d cover f0
assess vulnerability to flood events and support preparedness planning. Comparison of the GFT results with l’nundatlolﬂ
patterns produced using conventional hydraulic modeling approaches (HEC-RAS) and satellite remote sensing shoi\r:_S
good correlation in many settings. Hydrologic Modeling (WMS) for the BAS basin uscs ETA Weather lbrecaglasgzion
put for model setup. Work is also underway recently in cooperation with the word bank group 0 link GFT ml;?moni'
patterns of the Baro-Akobo-Sobat basin with proxy hydrographs generated from satellite microwave O'bSCWa“onzoiH“ o
toring sites established by the Dartmouth Flood Observatory at the University of Colorado. This will mlclud;g;z]lei;. '?hus,
tions at various areas in Ethiopia and South Sudan like Gambella, Itang, Nasir, Akobo, pibor, and Hillet iu:l g Sl
finding of this study serves as an input to the planning and management of floodplain arca OfGaml?C”a re%hrough P
Sudan adjacent regions of Eastern Equatoria, Jonglei, and Upper Nile to mitigate future probable disastet

priate intervention.

Key words: Floods, Hydraulic modeling, HEC-RAS, Hydrologic Modeling, ETA, BAS :
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Introduction

Flood forecasn_ng and.early warning is the provision of
advanced warning of circumstances that are likely to caus
potential risk of flooding to life and properties. The maii
purpose of the Eastern Nile Flood Monitorina 'pro"ram of
flood forecasting and waming is to save lifecby aTlowin
people 1o have early information ang provide emergencs

services to prepare for flooding. The second purpose is to
reduce the effects and damages from flooding

Basically before doing any flood forecasts, the rainfall
forecast was carried out in daily basis over tpe Eastern
Nile region, giving emphasis on the flood prone areas over
the region, by running ETA rainfal] forecasting model.
The ETA model outputs were utilized as an inp:;Jt to the
flood forecasting model for each pilot flood-prone area. In
addition, ETA rainfall forecasting model were compared
with other regional and global numerical weather predic-
tion models for the output verification based on 3 days
lead-times forecast. This comparison was also helpful for
the improvement and performance of ETA model. The
Global and Regional numerical prediction model (NWP)

models such as, Africa-Lam, ECMWF and NCEPGFS
were also explored and

Baro-Akobo-Sobat region is a flood prone area due 10 its
flat topography. Thus, the overflow of major rivers of
BAS (Baro, Gilo, Alwero and Akobo, and Pibor) causes 1o
increase the water level and inundaies the surrounding
areas during the wet season. For these areas, Inundation of
floodplains is mostly caused by lack of enough river con-
veyance to convey and thercfore remove surface water
excesses. The flood hazard mapping is done along a 130
km reach of Baro River in the Gambella region of Ethiopia
and the Sobat River extending from sobat al mouth up to
Hillet Doleib of south Sucan. In these floodplains, flood
inundation causes damage o many infrastructures, proper-
ties, and crop jeopardizing the society’s food security fer
most part of Gambella, Warrap, Northern Bahr el Ghazal,
Western Unity, Upper Nile, Jonglei and parts of Eastern
Central Equatorial states.

Objectives of the Study

The main purpose of this work is (o execute a funcliopal
flood preparedness and forecasting and Early warning
system for BAS by integrating GIS Flood Tool (GFT)
with Geographic Information Systems (GIS) to map and
compare the characteristics inundation wiith major histor-
cal floods events in the Baro-Akobo Basin with the gen-
eral objective of “estimating characteristics of the ﬂood
wave and delineating flood zones in the BAS sub-basin by
applying a hydrodynamic flood inundation model”.

Water 12 (1)

Methodology

In the development of BAS flood forecast model, ETA
rainfall forecast is used as an input to the configured hy-
drologic model for Baro-Akobo-Sobat basin and the antic-
ipated relative peak runoff during the forecast period were
used as an input to hydrodynamic model component that
was developed for Gambella Floodplain and the south
Sudan plains areas with verification done

with mean daily gauge readings from Gambella and Itang
Stations. Besides, Flow boundary condition is specified
for the upstream boundary while normal depth is specified
as the downstream boundary condition. The flood model
of the study area was calibrated for the 2007 by changing
values of floodplain and channel Manning’s roughness
coefficient and then comparing simulated water level
against measured water level at Itang gauge station. A
schematic of the conceptual design of the methodology for
this study is shown in figure 3.1 and 3.2.

1. Data collection and field survey to characterize and
provide input to terrain modeling and the use of Glob-
al mapper for extracting cross sections from the DEM.

2. Terrain modeling to develop a digital elevation model
suitable for both extracting topographic data for the
hydrodynamic model and for mapping the inundation
that results from simulated hydraulic profiles;

)

Observed Flow Hydrograph analysis and hydraulic
analysis and modeling to determine peak flow magni-

tudes and frequencies and associated hydraulic pro-
files;

4. Flood hazard mapping to represent inundated area,
depth and velocity for the various peak flows.

Study area

The project area of BAS sub-basin, extending from the
south-western part of Ethiopia to the South-eastern and
central parts of southern Sudan which covers about
186,275 km2 with an estimated population of 3.6 mil-
lion. The area provides a paradox: huge growth potential
and natural resource endowment along with high inci-
dence of poverty, natural resource degradation and overall
low human development index. Potentials and endow-
ments include: Hydropower generation, irrigation, river
regulation-navigation, irrigated agriculture, fisheries, live-
stock, and (eco) tourism. A major challenge for develop-
ing the region is non-availability of adequate
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year.) The channcl geometry was kept constant for 2
simulations and the channel roughness was altered lg
match the model output with the recorded data. HEC'RA‘O
and HEC-GeoRAS produce simulated water surfﬂce;AS
GIS to produce inundation maps. Whereas HEC-Ge0

|

; dered lter-
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i . . figure 5-1 below.
Results and discussions
This model had been calibrated using observed water level
for one period which is a single year events (i.e.2007. flood 42
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5-1: Development of inundation depth (blue gradients), flood extent (Red gradients) and Velocity Grid for 2007
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Calibration

The period between 1* of July-31 ™ August, 2007 is speci-
fied as a warming period to properly initialize the model.
Calibration was conducted for the period of 1™ of Septem-
ber-15" October, 2007. During calibration, simulated wa-
ter levels were compared against observed water level data
at Itang, The calibrated Manning’s roughness (n) Yalues
are 0.038 and 0.06 for the channel and the floodplain, re-
spectively.

Calibration results at Ttang gages arc shown in Figure 5-2.
The solid line represents the modeled stage and the blue
line with solid circles represents the observed Gage stage
data at Itang. Comparison to observed dat.a 18 a}pproprl&lt‘3
after the first few days of modeled operations in order to
eliminate the effects of initial conditions. The effect‘of
accurate initial condition is minimized as a result of using
a sufficiently long period for model warm-up but the ef-
fect is not fully eliminated. Over all, the model very well
Captured the temporal pattern of the observed water level
at Itang and even captured the peak water level.

The scatter plot in Figure 5-3 shows the relation betweclap
simulated and observed water depths at Itang for the ca tl-
bration period. A linear trend was fitted to the data points

Wwater 12 (1)

for comparison purpose. The results show a good con-
formity (R3=0.9848) with observed values at the station
used for calibration. However, the performance of the
model in capturing spatial flood patterns should also be
evaluated by comparing simulation results against flood
extent map produced using satellite images capturing.

Objective evaluation of model performance is undertaken
by using root mean square error (RMSE), bias, and aver-
age absolute percent error (AAPE) between the calculated
and observed data for the period between 1* of September
and 15" of October, 2007. Table 3-1 shows values of ac-
curacy measures at Itang station. The average RMSE was
0.119m which can be considered too small since it is only
1.998% of the average depth. The average bias error was -
0.115 which again indicate very good model performance.
The overall model average absolute percentage error was
1.967% which also indicates a better performance evalua-
tion. All errors falls within reasonable limit suggesting
satisfactory performance.
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Table 5-1: Model performance measures as calculated for
It of September to 15th of October 2007 at Itang Gage

ﬁ'arameter/Gage Itang Gauging Station |
' RMSE(m) 0.118828 ;
Bias (m) -0.11467 :
AAPE 0019671 |
RMSE/Avg.cross | 1.997998 B
section Depth (%) | |

I

Simulation of Historic Events

An unst'eady flow routing model was used to simulate the
hydraulics of the 1* of September to 15" of Qctober
2010, 2006, 2000, and 1990 flood in the Baro River basin

water 12 (1)
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5-1: Development of inundation depth (blue gradients), flood extent (Red gradients) and Velocity Grid for 2007

Calibration

The period between 1" of July-31" August, 2007 is speci-
fied as a warming period to properly initialize the model.
Calibration was conducted for the period of 1% of Septem-
ber-15" October, 2007. During calibration, simulated wa-
ter levels were compared against observed water level data
at Itang. The calibrated Manning’s roughness (n) values
are 0.038 and 0.06 for the channel and the floodplain, re-
spectively.

Calibration results at Itang gages are shown in Figure 5-2.
The solid line represents the modeled stage and the blue
line with solid circles represents the observed Gage stage
data at Itang. Comparison to observed data is appropriate
after the first few days of modeled operations in order to
eliminate the effects of initial conditions. The effect of
accurate initial condition is minimized as a result of using
a sufficiently long period for model warm-up but the ef-
fect is not fully eliminated. Over all, the mode] very well
captured the temporal pattern of the observed water level
at Itang and even captured the peak water level.

The scatter plot in Figure 5-3 shows the relation betweep
simulated and observed water depths at Itang for the C?l"
bration period. A lincar trend was fitted to the data points

Water 12 (1)

for comparison purpose. The results show a good con-
formity (R2=0.9848) with observed values at the station
used for calibration. However, the performance of the
model in capturing spatial flood patterns should also be
evaluated by comparing simulation results against flood
extent map produced using satellite images capturing.

Objective evaluation of model performance is undertaken
by using root mean square error (RMSE), bias, and aver-
age absolute percent error (AAPE) between the calculated
and observed data for the period between 1* of September
and 15" of October, 2007. Table 3-1 shows values of ac-
curacy measures at Itang station. The average RMSE was
0.119m which can be considered too small since it is only
1.998% of the average depth. The average bias error was -
0.115 which again indicate very good model performance.
The overall model average absolute percentage error was
1.967% which also indicates a better performance evalua-
tion. All errors falls within reasonable limit suggesting
satisfactory performance.
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5-8 Data archiving and flood Maps Library for BAS Areas

Flood inundation Maps were developed for each localities or communities in both Gambella and South Sudan flood prone
areas

T
| L S =2 3§

! B i

BRSNS .
T e e Ty

Figure 5-9 Flood inundation maps in Gambella and South Sudan flood-prone areas

River mean daily gauge readings are sent through mobile
messa fy and used as a mean Lo see the variation of
this year (2014) flood level as compared to the historical
flood recorded. There was also field visit to arrange and
handover the mobile apparatus bought by ENTRO to
gauge personnel at Gambella and ltang. F}'gures
below show the daily forecast and river levels monitoring
in BAS areas, the field visits, and the flood web applica-
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S0 LA

arc
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reader

tion.

Conclusion and the way forwards

Finding of this study serves as an input to the piauning
and management of floodplain arca of Gambella region
and South Sudan adjacent regions of Easten Equatgna,
Jonglei, and Upper Nile to mitigate future probable disas-
ter through appropriate intervention.

water 12 (1)

wener at ea

Local communities have good awareness about the recur-
rent flood challenges they faced, but need regular updates
of flood risks, integrated impacts and its potential damag-
es need be addressed and how to protect themselves and
their properties from such recurrent flood risks.

In BAS river systems, soine of the challenges are lack of
topographic data, detail topographic survey is preferable
and need to be conducted ; lake of hydro-met data from
key gauging stations (need of establishing additional new
pauging stations) where some structures are planned and
especially in Baro, Gilo, Alwero, Akobo and Sobat River;
gaps in terms of capacity in Flood Forecasting and Early
Warning systems; and of course the current conflict in
South Sudan is a big challenge to collect appropriate data,
Need of Upgrading of key flow measurement stations,
need of addressing the environmental benefit aspects of
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flooding in the EN is highly recommended, The need of
addressing flash flood issues should also be as part of con-
figured forecasting models. For instance, in South Sudan
many places (Bahr el Ghazal and Bahr el Jabel) are affect-
ed by floods which need to be taken as part of EN Flood
Monitoring program during each flood forecasting season.
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ABSTRACT

" Hlhigp,
This study was conducted in Bedesa town, Wolaita zone, southern Ellhiopia to assess the water g,
tion of the town. For this study, 195 households were selected by' using systematic .rando

mary and secondary data sources were used in this stud)(. For primary data collection, h
interview, focus group discussion and personal observation were used asi tools to4collec
secondary data collection, document review was used to collect valuable information, T
tem was analyzed using engineering software, EPANET-2. The data from the respondents were analyze

: D : Yzed ygjp, . O
tive statistical techniques and explanation building. Accordingly, one way ANOVA o

. g ece:
tior : vas employeq t, see Iheg "oy
significances of the variables at 5% significant level; correlation was also used 1o observe assOciationg of 1hes ey
The findings revealed that the average per capita domestic water consumption of the town w ;

: as found t pe 9 l/cl?jnabks'
base year (2014) which only satisfies 48% of the minimum urban water consumption value set by WHQ o ‘f(]ttte
(20 Ve/d) without considering the distance travelled to fetch water. The result of water quality test revealed tha{“lc
values for all selected physico-chemical water quality parameters were found within the acceptable limitg of WHVET@
Ethiopian water quality standards. But, the mean value of temperature for source, reservoir, pipeline ang househmdmn

o 9 gape
m Sampling tech; i
Ouseholq Surve ¢

he existip

tainer were beyond the recommended WHO value (<15 ); the laboratory result of bacteri
sampling sites were also in agreement to the WHO and ES of

town was not good and encouraging. Lack of private sanitary pit, poor hand washing
improper handling and disposal of wastes and lack of drainage ditch were identified
poor sanitation situation of the town. The major coping strategies for
chronizing different water sources, conserving w
different actors, mobilizing financial resources,
it with material facilities. Likew
fill, constructing

ological water

quality f
potable water quality. Similarly, G

sanitation situatig inhe
practice, lack of communy| land fj
as the major factors respansible fy

the challenges of Bedesa town water supply are sy
ater sources, demand management, demand oriented supply, participairg
and establishing organizational structure with skilled staff and equippin
ise, the strategies for managing sanitation challenges include constructing communal lanf
drainage ditch, awareness creation on hand washing after defecation and waste handling and disposd
method, and integrating water supply and sanitation sectors,

Key Words: Water supply, water quality, sanitation, hygiene, water demand, distribution: Bedesa.

i ; ok
i Inadequate ss to clean drinking water directly orin
Introduction quate access to ¢ g

"
rectly affects health. According to WHO, more lhar:is.?ﬁ
of diseases in the world are attributed due to u.nsafe\‘;;] ‘
Ing water or (o inadequate sanitation practlcesh(wmm
2003a). Global statistics estimate that currently e

. Hatt I ela a]'ld '
The benefits of  is not on track to meet the MDG sanitation targel, ™
ater supply and sanitation are mg

Water supply and sanitation are two of the most important
sectors of development. Development of community water
supply and sanitation results in improved social and eco-

nomic conditions and improved health.
improved w

itation,
; . ; improved sani®’
ny, including ~ billion people still lack access to impro at all pari®”
prevention of disease, improved basic health care, better  including 1.2 billion who have no facilities 219 }
nutrition, increased access to institutions s

: o As1a
uch as health larly in Sub-Saharan Alfrica and Southem

centers and schools, improved water quality, increased UNICEF, 20006).

quantity of and access to water, reduction i

de-
. m of 3
n time and ef- :encing the proble

; : encing
fort required for water collection, promotion of Bedesa town has been exper!

: itation.
' o quate safe water supply and basic sanitat!
economic activity, strengthening of commy
tion, improvements in housing,
quality of life (Andrea, 2002).

nity organiza-
and ultimately improved

i0
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The dwellers of this town are 4 the forefront 1o pe affect
ed by mc. problem of Poor access to potable water anc;
v, the demand for water in
Y 1s fast Outpacing its avajla-

the supply of domestic water

non-governmental organizat
prove the water supply and
town. However, there is g||
on the water consumption

im-
Sanitation situation of Bedesa
a significant informatjop, gap

on pattern of households, water
supply coverage, accessibility, quality, future water de-

mand forecasting, and sanitation coverage of the town. Ip

this town, not adequate research is yet carried out to solve
the water and sanitation related

- problems:affetting <fiye
Tesearcher-nitiated 1o
drea.

residents of the town. Therefore; the.
conduct this study in this particular

N

¥
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Objective of the Study

The general objective of this study is to assess the waler
supply and sanitation situations and forecast the future

domestic water demand of Bedesa town by 2024.
Materials and Methods
Description of the Study Area

Bedesa town, the capital of Damot Woyde Woreda, is
found in Wolaita Zone, Southern Nations, Nationalities
and Peoples’ Regional State. Bedesa is geographically
located approximately in latitudes of 6°5130" and 6°54'0’
N, and longitudes of 37°54'30" and 37°570" E. The
study area experiences average daily temperature of 16
p 5%

""?‘-’:t’f-)\"'ﬁ The average annual rainfall of the area
ranges between 1001 and 1400 mm.
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Location Map of the Study Area

Data Sources and Collection

In order to achieve the stated objectives of the study, a

combination of both primary and secondary data sources
were used.

The primary data were gathered through structured ques-
tionnaires administered to the bqu§.¢1,{91‘.§1§ :
ers), personal observation of water supply-a i gbans
schemes and focus group discussion which 'enabl_ed the
fesearcher to address the opinion of the community to-
Wards access to potable water and basic sanitation and its

impact on their daily activities. Besides, primary data
Were collected via key informant interview. with .people

Watey 12(1)
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from different offices and community with different re-
sponsibility, knowledge and experience about the town’s
potable water and sanitation coverage, the balance be-
tween demand and supply of water, major problems facing
the provision of potable water and sanitation services,
level of community awareness and participation in the
provision of these services. The secondary data were gath-
¢red from the-available data.sources such as census and

i survey teports; journals, infemet as well ‘as’ other pub-

lished and unpublished documents,
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Sampling Technique and Sample Size

In this study, both probability and non-probability sam-
pling techniques were employed to draw the sample
houscholds, focus group discussants and key informants.
Accordingly, 195 households were selected by systematic
random sampling technique from both kebeles of the
town. Finally, Key informants and focus group discussants
were selected purposively.

Water Quality Analysis

To examine the physico-chemical quality of drinking wa-
ter, representative samples were taken in triplicate from
the current source of the town’s water supply i.e. spring
water, the existing service reservoir i.e. Rs-1, from pipe-
line, and representative samples from respective end users
(household containers) of each kebele. For bacteriological
water quality test, the samples were taken in triplicate
from the above mentioned sources for total coliform and
faecal coliform tests.

Data Analysis

Statistical techniques were used to analyze the data ob-
tained from the survey respondents. The computer sofi-
ware application that is Statistical Package for the Social
Science (SPSS) was used to analyze the data obtained
from household survey. The field survey data for distribu-
tion system was evaluated by using the engineering soft-
ware called EPANET-2. Furthermore, correlation was
employed to see the relation between houschold size and
per capita water consumption as well as household income
level and per capita water consumption. Moreover, ANO-
VA was used to determine the significant differences in
the mean values of the water quality parameters at the
various sampling sites.

Results and Discussion

Existing Water Supply System of Bedesa
Town

Domestic Water Supply Coverage

During household survey, data were collected on the
quantity of water required and consumed by the respond-
ents. As presented in Table 1, the survey result revealed
that the average quantity of water required by the respond-
ents was found to be 25.34 l/¢/d; the finding of this study
also revealed that the average amount of water consumed
by the respondents was found to be 9.6 I/c/d. According to
WHO (2008), the minimum quantity of domestic water
required in urban areas of developing country is taken as
20 l/c/day. Regarding to this value, the domestic water
supply of Bedesa town only satisfies 48% of the standard
vatue without considering the distance travelled to collect
water.
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The normal maintenance period for a water facility a
recommended by WUP (2003) is 2 to 3 days. The long
maintenance period observed to be in excess of 2 months
during the study period might contribute to the non
reliability of waler services in the study area.

The correlation resuit of the association of the households’
per capita water consumption with houschold_’s monthly
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the association of the households’ per capita water con-
sumption with family size shows
consumption and family size are
correlation value of -0.504,

that per capita water
egatively related with

Water Distribution Network

In Bedesa town, the source of piped water supply was
found to be one spring stream. Water from the stream is
transported by a gravity pipeline to the main distribution
tank in the town before it is distributed (o consum
2 shows the distribution network map of the town water
supply system. The purpose of a water distribution net-
work is to provide system users the amount of water de-
manded and to supply it with sufficient pressure. The Ethi-
opian guideline criteria for the minimum and maximum
operating pressure value in the distribution network are
15m and 70m respectively (MoWR, 2006). The guide line
further states that water velocity shall be mair?tained at
less than 2 m/sec and a minimum of 0.6m/sec, but for
looped systems there will be pipelines with section of zero

velocity. The low pressure nodes are normally those nodes
which are located relatively at high el

from the supply points.

ers. Fig

evations and far

Figure 2. Water Distribution Network Map of Bedesa
Town
Water Demand Projection
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The total water demand of the town was determined by
summing up the adjusted domes.tic water demand and
Non domestic water demand as shown in Table 2. Thus,
the currently available water production and the projected
future water demand indicate the need for the develop-
ment of additional water sources to satisfy the 736.54m’/
day water demand of Bedesa town for coming 10 years
period. Therefore, searching for new water sources and
increasing the water supply efficiency seem to be expected
actions of the stakeholders of the sector.

Tahle 2, Water demand projections of Bedesa town by category till 2024

Year 014 2005|2018 |2021 | 2024
Population 7702|8010 | 9010 {10000 11183
Average per Capita Domestic Demand (Vc/d) 391 13543 [3705 3876 4053
Chmatic Adjustment Factor l ! ! 1 !
Socio-economic Adjustment factor ! ! 1 1 1
Adjusted Average Domestic Demand (1'c/d) 39113543 3705|3876 |4053
Adjusted Domestic Water Demand (m’/d) 26888 128379 133382 | 38760 |45325
Percentage of non domestic demand (%) 30 30 30 30 30
Non domestic water demand(m’/d) 3066 | 8504 (10015 {11628 | 13598
Total Water Demand (m’/d) 34954 136893 | 43397 |50388 | 38923
| Percentage of loss as production (%) 23 2 2 2 2
Non revenue water demand (m’/day) 8739 9223 | 10850 |12597 | 14731
| Projected Water Demand (m*/day) 43693 | 461.16 | 54247 [ 62985 | 73654
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The one way analysis of variance (ANOVA) test showej wastes are still there. The result of key informant inter.
the significant differences 1n mean values (_’f all selected o\ and focus group discussion shows the occurrence of
physico-chemical parameters among the various sampling ., <ovion related diseases like diarrhea and typhoid af.

sites at p <0.05 significant level excep! temperature. hough the town’s latrine coverage reached 100%. In the
study area, three types of latrines were commonly con-

T . ;
Bacterioligica’ Quality Analysis structed: pit latrine with walls but without roof, pit latrine
In all of the selected sampling points namely the SOUTCE,  yith closed wall and roof, and open pit latrine without
the reservoir, the pipeline and the household container, 10 pouse. On the average, 88.2% (1 79) of the households had
bacteriological contamination was observed. The Mean  |awrines with a wall and roof; 6.7% (13) of the respondents
values for total coliform and faecal coliform for all sam- g pit lairines with closed walls but without roof; 1.5%
pling points were within the limits of WHO and Ethiopian  of the households had open pit latrines. The remaining
water quality standards (OCFU/100ml). The reason for 3 6% (3) of the houscholds had latrines with bowls.
bacterial un-contamination of water at all sampling sites

Materials Used For Washing Hands after

was due to the quality of the source water even if poor
sanitation condition was observed around some public  Defecation

taps during the survey. Besides, the high temperature of ) N - .
water beyond the WHO standard did not cause the growth Figure 3: Hand Washing Facility after Diefecation

of bacteria in the water.

Sanitary and Hygienic Practices
_ ] e o
Existence of Latrines 80

The results presented in this section are based on house- 3
hold survey and personal observation. The results revealed E a0
that 100% (195) of the respondents that are included in E
this survey reported the existence of latrine in the house- - o LE 5

hold compound. This implies that the latrine coverage in Water and Water and ~ Water
t}.me town is 100%. But, this does not mean that the sanita- Soap Ash Only
tion coverage is 100%. Although the latrine coverage is Hand Washing Facility
100%, sanitation problems like poor awareness on sani-
tary and hygienic practices, lack of using hand washing
facility after defecation and poor disposal method of

pod o

Do not us¢
water at
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Disposing Liquid and Soliq Wastes

Good hygiene practices (es
soap after defecating and be
disposal of children’s faece
2008). Disposal of solid an
a usual activity in the sty

pecially hand-washing with
fore Preparing food, and safe
s)-prevenl diarthea (UNICEF
d liquid wastes in open field i;

dy area. During his i
' sta
study area, the researcher observed (he seople 1&111:::

disposing wastes of different type in open field outsid
their housgs. Of the total respondents, 53.8% ( 105) u; g
private samtary pit to dispose waste generated from th:ir
house. The_remaining 46.2% (90) of the respondents did
not have private sanitary pit; as a result, they disposed the

waste generated from their house including the baby feces
anywhere else.

Conclusion and Recommendation
Conclusion

This study has assessed the nature of potable water supply
and sanitation in Bedesa town. Regardless of the substan-
tial attention paid to water supply in the study area over
the years, inadequate water supply remains one of the ma-
jor problems. The findings of this study revealed that the
average per capita domestic water consumption of the
town was found to be 9.6 I/c/d for the base year (2014)
which only satisfies 48% of the minimum urban water
consumption value set by WHO as a basic need (20 I/¢/
day). Findings also revealed that nearly all of the people
that have pipe water in their houses are not satisfied with
the water supply; therefore, the use of alternative sources
of water is indispensable.

The result of water quality test revealed that average val-
ues for all selected physico-chemical and bacteriological
water quality parameters were found within the acceptable
limits of WHO and Ethiopian water quality standards.
But, the mean value of temperature was beyond the rec-

=]

ommended WHO value (<15 ). Similarly, sanitation
situation in the town was not good and encouraging. In
general, the findings of this study revealed that Bedesa
town was not provided with access to adequate water sup-
ply and basic sanitation.

Recommendation

Based on the findings, the following recommendations are
made:

*  The development of new sources and expansion of

the existing sources should take place in order to
meet increasing demand for water.

*  Water demand projection should consider population

water 12 (1)

growth and improvement in living standards of the
people.

*  There should be provision of altemative sources of
water supply in strategic locations in the town.

* To maintain the quality of existing water source, par-
ticipation of all stakeholders should be undertaken
followed by regular monitoring and disinfection with
chlorine.

*+ To promote sanitation, regular inspection of private
and public latrines, awareness creation on personal
hygiene and environmental sanitation should be car-
ried out by all concemed bodies and offices of the
town.

*  Further study should be carried out in order to discov-
er and know the problems of water supply system and
sanitation situation of the town.
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Erosion Hazard Assessment, Case study of Dhidhessa Sub Basin
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Abstract

Soil erosion is a natural organic process, which persistently changes the surface in all climatic zones of the earth. It’s con-
sidered as one of t.l_me most serious man-made impacts of deforestation on the environment. Erosion hazard assessment of
Dhidhessa sub basin is carried out to prepare potential and actual erosion hazard maps for the sub basin using GIS tech-
nologies. The methodology for the soil erosion hazard study has encompassed survey and investigation of the study area,
collection of relevant secondary data, review of literature and interpretation of image. Erosion hazard prediction of the
area was made using Universal Soil Loss Equation model (USLE) developed by Wischmeier and Smith (1978), and iden-
tified that soil loss in the study area due to sheet and rill erosion varies from less than 5 ton/ha/year to 533.52 ton/ha/year.
Accordingly, 23.5% of the soil loss is within the magnitude of less than or equal to 5% (very low), whereas around 16%
of the soil loss is within a very high range (>60) tons per ha per annum. Soil erosion has many direct and indirect impacts
on surface and sub-surface water resource and productivity of the area. So that actions should be taken to minimize ero-

sion risks in the area.

Key Words: USLE, Dhidhessa sub basin, actual soil loss, potential soil loss, Erosion hazard map

Introduction

Soil erosion is a natural organic process, which persistent-
ly changes the surface in all climatic zones of the earth.
Generally it’s considered to be one of the most serious
man-made impacts of deforestation on the environment.
Soil erosion in agricultural system is a very important
problem to manage. Soil can be eroded away by wind and
water. Water erosion occurs only on slope lands and its
severity increases with increased slope.

Soil erosion by water is a serious problem in the sub ba-
sin. Soil erosion process is influenced by biophysical envi-
ronment comprising soil, climate, topography and ground
cover and interactions between them. Soil eradibility; sus-
ceptibility of soil to agent of erosion is determined by in-
herent soil properties e.g., texture, Structure, soil organic
matter content, clay minerals, exchangeable cations and
water retention and transmission properties (Nill, D et.al.,
1996). Climatic erosivity includes drop size distribution
and intensity of rain, amount and frequency of rainfall, run
-off amount and velocity, and wind velocity. Terrain char-
acteristics that influence soil erosion are; slope gradient,
length, aspect and shape. Ground cover exerts a strong
moderating impact on dissipating the energy supplied by
agents of soil erosion. Furthermore, the effect of biophysi-
cal processes governing soil erosion is influenced by eco-
nomic, social and political causes (Nill, D, et.al., 1996).

Objectives
The objectives of the study were:
To prepare potential soil erosion hazard map
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To prepare actual soil erosion hazard map using GIS tech-
nologies

Materials and Methods

Description of the study area

The project area is located in West Oromia National Re-
gional Stale. Most part of the project area lies in UTM
zone 37 and the rest lies in UTM zone 36 with a Geo-
graphical extent of 850000m - 1145000m North and
125000m — 305000m East, within an elevation range of
820 to 3200m a.s.l. The total area of the projects site is
2,684,055 ha.

Mean annual precipitation range of the sub basin varies
from 1160 mm to 2113 mm. The average minimum and
maximum temperature varies from 11.3 to 23.17¢®. The
area is characterized by rugged topography and dissected
gorges.

Methodology of the Study

Review of previous studies and interpretation of available
spot and land sat image were made, and base map was
prepared. Secondary data like LU/LC, Soil Physico-
Chemical properties, Metrological data and farming sys-
tem data were collected.
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Figure 1 Location Map of Dhidhessa Sub basin

obtained through field observation and
e extent and degree of soil erosion
rts of the sub

Primary data were
investigation on th
through extensive travelling to different pa

basin.
Selection of models

The most satisfactory methods of erosion hazard assess-
ment are based on predicted soil losses by modeling the
determinants of climate, soil, topography, vegetation or
cover factors and management practices (Nill, D., erdl.,
1996). There are a wide range of erosion hazard assess-
ment models currently in use around the world. These
models are grouped into two broad categories: physical
(process) based and empirical (Morgan, 2003).

Physical models are based on mathematical equations to
describe the processes involved in the model, taking ac-
count of the law of conservation of mass and energy. They
predict the spatial distribution of runoff and sediment over
the land surface during individual storm in addition to
total runoff and soil loss and mainly applicable to small
farm fields to small catchments.

Empirical models are based on identifying statistically
significant relationships between assumed important vari-
ables where a reasonable database exists. The most com-
monly and widely used empirical model is the Universal
Soil Loss Equation (USLE) (Wischmeier and Smith,
1978). USLE estimates long-time average annual soil loss
from rills and inter-rills.

Both groups of models have merits and demerits, and are
developed for application in certain locations under cer-
tain conditions. Under the Ethiopian conditions, most of
the models can’t simply be applied because of data gaps
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and applicability issues. However, Usp
the Ethiopian environment has a better . app}iqﬁon
stantiated through empirical research COn(:iund g SUE
1980s by the Soil Conservation Researcy, Puc?ed oy
Community Forests and Soil Conservatioy, lgojecl of lhi
Department (Hurni, 1985). eve]"Pmem

Methodology and Techniques

The universal soil loss equation is an empi
developed by Wischmeier and Smith (1978) call Mogy
ployed to assess the amount of soil loss existeq ; Was ¢

Mathematically the equation is denoted b &

B
year)=R*K*L*S*C*P. (lonpy

Result and Discussion

An empirical model developed by Wischmeir .
(1978), was employed to assess the amount of Soill:mh
existed in the area. A=R*K*L*§ *C*P-fntomﬁmﬂ
year

Rainfall Erosivity Factor (R-Factor)

The Rainfall erosivity factor (R) was analyzed based op
Hurni (1985), employing the equation R =-8.12 + (.55
“p,

The mean annual rainfall data of 20 years (1985 to 2005)
derived from 28 rainfall stations were considered to esi-
mate R-factor. The calculated R factor for each station
was converted to raster surface with 30m grid cell using
IDW interpolation techniques on Arc GIS.

Soil Erodibility Facter (K-Factor)

Soil texture was emploved to determine the K factor
Based on the recent soil survey study in the area; six tex-
wral classes were identified. After assigning values for
each soil textural classes based on their organic mafter
content, the soil map was reclassified using adopted K
values by Taffa Tulu, (2011) with a grid map of 30m-cel
size using [DW interpolation techniques. K value ranges
from 0 to 1. Taffa Tulu. (2011) and it was multiplied by
0.1317 to change it in to SI unit.

Slope-Length and Slope Steepness Factor (LS-Factor)EaCh

the soil map was reclassified using adopted K values by

Taffa Tulu, (2011) with a grid map of 30m-cell size using
IDW interpolation techniques. K value ranges from 011; '10
13

Taffa Tulu. (2011) and it was multiplied by 0
change it in to SI unit.

Slope-Length and Slope Steepness Factor (LS

-Factor)
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higure 2 Methodological flow chart followed in the erosion prediction activities.

From other major factors contributing to soil erosion, to-
pography is relatively stable which can remain fairly con-
stant over time. In the present soil erosion study slope-

length and slope steepness are used to reflect the effect of

topography on erosion. Slope gradient factor (S—fa;tor)
was computed using the formula recommended by Grillin
et.al (1988). S = (pow [(sin(slope)*0.01743) / 0.09,1.3])

For erosion hazard assessment at a scale of 1: 250,000 or
larger slope length factor (L- Facter) could he adapted
constant figure of 2.5 (Hurmi, 1985), cited in Land Evalua-
tion manual. And according to the same author (Hurni,
1985) which was modificd to suit Fthiopia local condi-
tions the maximum L-factor was 3.8 for a slope length of
320m. Therefore for present study with the scale of I:
30,000, a constant valuc of 2.5 was adopicd. Then LS-
Factor was computed from the equation:- LS = 2.5%(pow
[(sin(slope)*0.01745) / 0.09,1.3]), slope in degree

Cover and Management factor (C-Factor)

In erosion hazard assessment of present study 20 LU/LC
types were identified, land-cover indexes for different LU/
LC types suggested by Hurni (1985) was used. According-
ly, higher C-factor values indicate higher risk of soil ero-
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sion. C value for the current study 2rea ranges from 0.071
10 0.65.

Erosion Centrol Practice Factor (P-Factor)
b |

Estimation of the P-factor, for the study area, was camriz(d
out taking in to account the local management practices
which were observed during the field survey. In this study,
Pis calculated for agricultural lands; for all other lands it
is assumed as one because there is no any control practice
measures. Thus, value of P factor was' assigned to culti-
vated lands based on the adopted P-value by Humi {1985).

Assessment of potential and Actual Soii Loss
Potential soil loss

The rainfall erosivity (R-factor), soil erodibility (K-factor),
topographic factor (LS-factor) as an elements of USLE
equation are considered as naturally ocevrring factors de-
termining sheet and rill-erosion process. Together, they
are considered as the erosion susceptibility or potential
erosion or soil loss for the area.
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The three factors are multiplied to get the potential soil
loss from the sub basin by ArcGIS software spatial analy-
sis raster calculator function using the following syntax:

Raster calculator> potential erosion = R- factor * K.
Jactor * LS- factor

The quantitative output of estimated potential soil loss
from Dhidhessa sub basin varied from 0 to 1010.82 ton/
ha/year. The spatial pattem of potential erosion indicated
that 92.12% of the catchment is potentially endangered by
erosions of various intensity. The highest potential endan-
germent is strongly associated to mountains and hills. The

estimated soil loss is reclassified and presented in to five
ordinal classes as shown in Table | .
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area

Figure 4 Potential soil erosiop map

Table 1 Potential Erosion Class

and its proportional coier.
age in the sub basin,

Soil Soil

loss(ton/ | Erosion
SN | haivear) | Risk Class | Area (Ha) |%
1 |05 VeryLow | 9121646 |41 |
2 512 Low 4776590 [LM |
3 1225 | Medium | 7260812 |21 |
4 [2560 | High 13197823 ,1.6:%‘
5 |[=60 Very High | 2030486.28 ’:'ZW
Total 263405500 | 105

: 1E vahus
Table 1- Soil erosion nsk Classes and Eq‘-‘-“'almmus
(Bergsma, 1986)

Actual soil loss i

: the Pt gy
The actual erosion assessment is bﬂs‘?d 0:ram€ters;r f“{{
USLE model, which multiplies the s:f ﬁ: and lenglh :‘ﬂ“
erosivity, soil erodibility, slope gra ;e applical®
cover, and soil conservation practices:

nethod @ © i
model was by using raster calculator o

0
ultp

: s the 1P

spatial analysis function, which enable

of the parameters cell by cell. i

y
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Raster Calculator> 4,

tual soil [
Sactor*LS- factor* c. o

Sactor *p. factor

Figure 5

Actual
soil erosion map

A = R- factor+k.

Table 2 Actual Soil erosion risk class jn the sub basin.
Soil Soil
loss(ton/ | Erosion
S/N | bafvear) | Risk Class Area (ha) %
1 0-5 Very Low 630368.15 2349
2 5-12 Low 336792.48 12.55
3 12-25 Medium 452273 82 16.85
4 25-60 High 836031 43 31.15
b =60 Very High 428589.12 1597
Total 26384055.00 100.00

Table 1- Soul ercsion nsk Classes and equivalent RUSLE values
(Bergsma, 1986)

Conclusion and Recommendation
Conclusion

Current Erosion hazard assessment is conducted at a
scale of 1:50,000.

¢ The methodology has employed collection of relevant

secondary data, interpretation of satellite imageries and
topographic maps,

water 12 (1)

Universa| Soil Loss E
€d to predict sheet &

quation model (USLE) is adopt-

rill erosion.

* Using USLE model a potential soil loss of 0 o
1010.82t0nlha,’year was estimated.

¢ The highest potential erosion is strongly allied to
mountains areas of the sub basip.

*  Afier consideration of land use land cover and conser-
va_tion practice factor soil loss from the area (actual
soil loss) is estimated to range from 0 to 533.52ton/
ha/year,

*  Accordingly about 47.12% of the sub basin was sub-
Jected to high to very high soil loss.

Recommendation

¢ Intensively cultivated lands, which contribute a lion’s
share to soil loss, should be treated as erosion hazard
Zone and water shade management practices should
be adopted.

¢ Appropriate SWC measures should be adopted in the
area.

¢ Attention should be given on the expansion of farm
lands on to marginal areas & forests,

¢ Detail assessment of erosion hazard in large scale
should be recommended.
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Abstract
¢ based management i 2 princi'pa
aluation of irrigation schem?s is rarelg con
tion scheme are hardly realized the required pene its.
ofHare irrigation system. The.smfiy was carl -
draulic performance of the irrigation system Was

{hat the values of adequacy,
water distribution of head to t
water deficit of the system is 3

the results of the study, water delivery p .
elevation ratio, effectiveness of infrastructure and deliv

Performanc
formance ev

poor. Therefore, capaci

performance.

Keywords: Hydraulic per formance,process indicators, Hare irrigation scheme irrigation service,

delivery and maintenance indicators.

INTRODUCTION

Water scarcity is a potential constraint to produce more
foods to meet the demands of increasing world population.
One possible approach to conserve this scarce resource
might be through improving the performance of existing
irrigation schemes (SmallandSvendsen,1992).

Ethiopia has enormous cultivable land, but only current
irrigation  schemes  covering  about  640,000ha
(Seleshi,2010).

The government is undertaken development of several
new irrigation projects, but the per of romance of existing
irrigation schemesaregivenlessconsidera-
tion.Inmanyoftheseschemes, watermanagementactivitiesare
performedbythefarmersthemselves,yet they lack technical
expertise t0 effectively manage their water (Zeleke, 201 1).
Theperformanceofmanyirrigalionsyslemsaresigniﬁcant-
beclomheirpotemialdueloanumberofshortcomings;includi
ngpoordesign,construction,operation,maintenance, welleffe
ctivewatercontrolandmeasurementsmisallocation
(Degirmenciet al., 2003 and Aklilu,2006).

.Ha_re irrigation scheme is allowed to the farmers applying
irigation and has enabled them frequently to harvest twice
per year. However, due to lack of frequent training for
water application and management, farmers spent water
more hours per day. The water distribution approach in the

water |2 (1)

erformance of the scheme can be considered as poor. The valy Pointg
ery duration ratio are found to be 91,15.9 anq

ectively. It displayed that high system maintenance is required. Genc‘:rally, the performance of the ;
sp y. ty building of users, adequate operation and maintenances of the system, impr

pacity of the scheme and providing flow control and measurement structures are required to improve ¢

| approach to improve the sgheme performances, -
ducted. The potential benefits of Hare commyy Lin Elhiop‘
The objective of this study was to assess the hyg la
ed out during the irrigation scason from September to De
aluated using nineprocess performance indicatms'

dependability and equity are found to be 0.64, 021 and 0.34 respectively, T;;:SUI,LS g,
ail is 3.52; which depictsthe head reach farmers received more waey t
6 percent; the main canal supplies less water than the demand to the g

mana

i
Cauhc perf%mka.
em er, 2014%

Qui
e
eliVCry ;.
€s of Watel, P

1333 Percey, )

mg&tion S

) . yslﬁm~
Oving dwefsion §

he Migatiop iy

Waler

scheme is fixed rotational water delivery sheg
the water control and regulating mechanisms gre tradig

al using barriers like leaves and stones, With incre;sund.
population growth and the erratic nature of rajp fall l;e
compulatiov oAI’ water users in the area increased from ,lime
to Ume..T_h_ls limits the .quahty and quantity of agriculyy
productivities. The delivery of fair share of water (g the
user is not clearly understood, it was discovered thy this
situation could be artificially created to benefit fuy
(corruption). Besides, due to urbanization breaching
through and high economic escalation agricultural acti
ties began to decline and the irrigation water is shared
with municipalities and other purposes. In this condition
appraisal of the performance of water delivery system and
maintenance requirement becomes vital to ensure good
functioning of the irrigation system. Therefore, this study
was conducted on hydraulic performance assessment of
Hare community managed irrigation scheme using proces

U]ing: Yet

performance indicators. It was addressed to analyze l‘hﬂ
performance of irrigation system in relation to walef deliv-
ery performance indicators and maintenance requireme®
of the scheme,

[
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MATERIALSANDM ETHODS

Descriptiens of the Study areq

and

b
L

———
’

T P
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hd )

37°_ 3T’East and has an area of 187 kmZ. The average ele-
vation isabout]169m amsl; and its command area lies
between 6°06°40” and 6°06°28” North and 37° 33’53” and
37°36'48” East. The scheme abstracts water from Hare
River, Smallholder agriculture is the dominant land use in
the watershed; irrigated cash crop is the predominant. The

designed and actual command area in irrigation was 1336
and 1131.87 ha respectively.

ity

e

G

i1 Basm

L S
BT Bt o

Jzuiz 3.t Locztion mep of Hare urigation scheme

Yol vt

Back ground of the scheme

The modern diversion irrigation scheme was intended to
serve around 1798houscholds of Chano Chelba and Chano
Mille Kebeles. The design capacity of the intale structure
is 2 m*/s with a maximum discharge capacity of 2.4 m’/s.
The networking system of canals in the irrigation area
consists of one main canal with eight branch canals. A
small portion of the main canal is rectangular masonry and
the major portion is trapezoidal lined and unlined canal.
The length of the main canal was about 5.31 km long and
totally had 23.85km length of branch canals. The main
canal length which actually gives service to the ben(?ﬁ-
cary is 3.89 km. The design layout of the schieme consists
162 various structures which includes turnouts, lateral
gates, aqueduct, control and recession gates, bridges,
flumes and drop structures (HIPDDR, 1989).

Methods
Data sources and methods of data collection

n this study the data were collected from primary a.r?d
secondary .L;bz:m;:s. The primary data were co[l_eclcd n
durect l]'l;Eﬁti‘Clr'lGllL from fields. Such activity includes:
measurcments of discharging through the branch Of,f talge
canals, measuremeant of actual water surface elgvatlon n
the main canal, filed observations, hydraulic des'gn,Of Par
shall flume anﬁ volume of water required in the jmggllon
system. The secondary data were collected from agricul-

ja—

J

water 2 ()

e

.
ks f} Rift valley Labe paen

et

MSTT

Loguns

£221 Cemecand oova (Lvatsn

L7 Hee Rives Vigae

773 nazeidod s R W TP
G Larw 2 9i?

Hare wetzrshed 2nd command srea

tural and rural development offices and Arba Minch me-
trology station. Climate data, irrigated crops; actual com-
mand are asand designed features of the scheme are major
data which were utilized in the study.

Discharge Measurements

In this study two methods were used for measuring anal
irrigation water supply. These are calibrated Par shall
flume and Current meter. The flow measurements were
taken on the seven branch off take canals. A GEOPACKS
Current flow meter was used to measure the flow veloci-
ties in the canals. Two and six inch Par shall flumes were
installed at the flow measurement location and frequent
readings were taken. The discharge of canals resulting
from the depth-flow relationship in par shall flumes were
calculated in free flow conditions. The measurements
were taken at the branch off take canals just after abstrac-
iion points along the distribution or branching canals.
Based on the settled water delivery plan, the measurement
of actual discharges in each branch off take canals were
taken on 15 days per three months (five days/month) and
then converted into an average mounthly rate.
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surface elevation measurements

Wwater
(WSE)

Water sur
in the reac

evation of the main canal was measured
hes of the canal. In middle and tail reach, actual

WSE data were taken from eight monitoring stations clas-
ified with the canal length in 0.162 km interval, yet the
. in nine monitoring stations in the head

ta were taken 1 :
. Generally, actual WSE data were taken on 25 In-

long the main canal.

face el

reach. ‘
spection stalions

Data analysis

Hydraulic performance of the irrigation system was evalu-
ated using nine performance indicators. Performance eval-
uation using process indicators consists specifically meas-
uring the extent to which the goals and required benefits
are being achieved. It was investigated based on the data
that were collected during September to December, 2014
in one irrigation season. While, water delivery perfor-
mances were analyzed using the observed data in October
to December, 2014. The choice of these months was ar-
ranged due to the fact that, it is hardly rain and almost all
fields are irrigated. A water delivery performance was
designated to evaluate on the main canal al head, middle
and tail reaches. The main canal system performance with
respect to water delivery indicators was estimated based
on the monthly required and delivered discharge.

Water delivery performance indicators

The water delivery performance parameters like adequacy,
equity and dependability have been proposed by Clem-
mens and Bos (1990); and Moldenand Gates (1990). Ac-
cording to Molden and Gates (1990), the performance of
the system was classified as good, fair or poor.

Dependability (PD): It is defined as the temporal uni-

formity of the ratio of delivered amount of water to the
required or scheduled amount over a region. Such parame-

ter is defined as:

1
PD=—........(3.1
— v (31)

Where, Cvyis temporal coefficient of variation of the ratio
Qp/Qrover a region S and a time T.

Adequacy (PA): Adequacy displays the extent to which
the total water deliveries are sufficient to fulfill the needs
of the crops in a specific growing season. It relates to the
actual delivery to required amounts of water needed for
the crop irrigation (Molden and Gates, 1990).

m=32}mmmmmm@@

T
T

water 12 (1)

Where, PA =Qo/Qr, if Qo<Qr, otherwise PA=1, § is the
site where canals are located. Qpis actual amount of water
delivered by the system and Qg is required discharge.

Equity (PE): Equity as related to water delivery system
can be defined as the delivery of the fair shares of water to
the users throughout the system. An appropriate measure

of the performance
of the system with equity would be the average relative

spatial variability of the ratio of amount delivered to the
amount required over the time period of interest. The

measure is given by:
1 Qd
PE= -—Z CVR(==) - ves convee w2+ (3.3)
1 = Qr

where CVy is the special coefficient of variation of the
ratio of delivered water to required water over the region

R and it is the time period.

Equity Ratio for Head

and Tail (ERHT): This indicator focused on the equity
of water distribution for head and tail at different levels of
a system. It can assist to identify head and tail difference
at the level of the system; and to address problems as a

result. The ratio is defined as:

1 o=

_ EZE:I{ MDR (head)
ERHT(MDR) = 7 e s s e (38)
n

T=0 MDR(tail)

The value of MDR is described as the ratio of Qp with Qr,
n is the number of periods monitored

Deficiency: The value of deficiency is a quantitative
measure of the dissatisfaction’sof users. The parameter

will help the system managers and users to take cor-
rective measurements for system improvements
in deficit areas. A measure of deficiency is given
as the ratio of temporal and spatial average of
water deficiencyto the required amount (Qg)
(Binoyet al., 2013).

_IVAy®R-
PDF—TZ(S G e e (35)
T S
PDF = 220
QR

, If Qp> Qp, Otherwise =0
Table 3.1 Range of water delivery performance indicators
(Molden and Gates, 1990)
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Table 3.1 Range of water delivery performance indicators (Molden and Gates, 1990)

. - —__—_—_‘
Performance indicators Ranee
2 4____.-—-1
Poor Fair Good Excellent
PD >0.20 0.11-02 0.00-0.10
PA <0.80 0.80-0.89 0.90-1.00
PE >0.25 0.11-0.25 0.00-0.10
ERHT(MDR) <0.70r>13 0.7-0.79 and 1.21-1.3 08-09& I.1-12 | 0.90-1.10

Maintenance indicators

Maintenance performance inspection of the irrigation
scheme would provide to insight the feature of mainte-
nancesituations.Hydraulic performance of the scheme was
also evaluated with maintenance performance indicators.
It was estimated through the indicators recommended by
Shafique (1993), Bos (1997); Kloezen and Garces ( 1998)
and Boser al. (2005). Maintenance requirements of the
system were observed according to the maintenance indi-
cators of water surface elevation ratio, eftzctiveness of
infrastructure, delivery duration ratio and sustainability of
irrigable area. The physical structures in its operational
condition were categorized as operative, nearly operative,
nearly inoperative and inoperative. If at least one of the
following conditions are in effect: broken anddamaging of
the structure, change of canal cross-section, scouring of
canal section, missing of flow control and measuringstruc-

tures, sedimentation and wecdgiowth (Samad and Vermil-

lion, 1998).

Effectiveness of infrastrueture: The study was focused
on the irrigation system components with the spillway and
weir excepl the drainage and field application systems.
The existing condition of the main and branch canals were
inspected in itsoperating length alone. The ratio is:

My n.(r

Number of function P“ stnuchires

vl

Effectveness of infrastructure = S
Total rumber o styuctures itall installed

PRUS g IEIH R B i

Water surface clevation ratio (WSER): This indicator
provides to predict the impact of sedimentation and erc-
sion problems on the physical irrigation system(Shafique,
1993).

Actoall water suface elevation &t FIL
| -ll o ‘
wi wer s naFL

DeliveryDurationRatio (DDR): are both maintenance
and water utility performance indicator’s, it is described as
the ratio of actual and intended duration of supply in day.

water 12 (1)

i

Il

Sustainability of irrigated area (SI): Is measured as the
ratio of existing area under irrigation to the planned irri-

gated area (Vermillion, 2000):

gl o ' ; _\
S! : TR e I T R L R A% [0 O R ) 1(39.;
Dt izied o2

Determiuation of the amount of water required in the
irrigation system

The amount of water needed for the irrigated crop fields
was determined using CROPWAT version 8program.
Crop water requirements, irrigation requirements (IR) and
scheme water

supply for varying crop patterns was estimated based on
the soil, climate, and crop patterns. Daily and monthly
reference Crops Evapo-transpiration (ETO) were estimat-
ed by the Penman-Montecito method. The soil composi-
tion based on the textural triangle classification is ¢lcy
loamwith41.91% sand, 27.97% silt and 30.12% clay
(Belete, 2006). The hydraulic properties of the soil were
determined based on the soil textural inputs from the per-
cent sand, silt and clay using SPAW model (Saxtoncs al.,
1986).The CWR were then computed from the crop factor
(Kc) and the ETO values for the crop planted. The value
of effective rainfall was determined using USDA soil con-
servation service method (Clarke, 1998).The volume of
water required (QR) to feed the main and branch canals
were estimated with the product of IR and the command
area (ha) served for nrigation practice by assuming an
irrigation efficiency (IE) of 31 per cent (Belete , 2006).

65

Gener ated by CantScanner fromintsig.com




0.71 and 0.52 in October, November and December, and
09, 0.59 and 0.5 at head; middle and tail reach of the sys-
tem respectively. The overall adequacy value of the sys-
tem is found to be 0.64. The spatial and temporal average
adequacy of the scheme is poor except in the head reach
of the distribution system. The temporal adequacy in the
head reachfalls in the good range. However, theoverall

Tible 4.2 Dependability of water supplied znd Equity

Adequacy

NS |
RESULT AND pISCUSIO _ The adequacy value is calculated yi,
) nce in- tial and temporal mea equay;
quati water delivery performa spali A S iip. ;
ek . tem are given in Table 4.1, adequacy i&?'n‘t
dicators | ' %
Table 4. | Average adequacy ad deficiency of watet distributicn m the system
Tahlez Head Middle Tal S
Octobet 1.00 050 0.63 0.60 0.64 0.33 063 069 T
November 1.0 087 088 0.80 0.76 043 39 07 oo
December 100 073 037 043 043 0.34 036 05?2 .
Temporal 1.00 080 036 0.61 0.61 0.43 0.46 S MORS
Ava PA 0.90 039 0.50 0.64
Temporal 0.00 020 044 0309 039 057 054 —_— ol
AvaPDF 0.10 041 0.6 it
d during tl 1o S
. fad y are 0.69 ayepage @SUACY BUNE, Thesaaso for the epgire
Average spatial and temporal values ot a equacy 6%, and of the main canal is found to be poor. oo

Degendabilig’

The measurementof dependability was computed g
equation(3.1). The results of dependability are preses:n
in Table 4.2. , ned

of water distribution on the system

The average dependability (temporal coefficient of varia-
tion) values of head, middle and tail reach of a system are
ranging from 0.05 to 0.27 with an overall average depend-
ability of 0.21. The average dependability of the first
branch canal is zero. As it can be seen from the result
BRjrepresents a reliable delivery of water (Table
4.2).Accordingly, the dependability of water distribution
in the scheme at middle and tail reaches are poor (>0.2),
while good in head reach of the distribution system.The
performance of the entiresystem in termsof dependability
of water distribution is foundin the unsatisfactory range;
ithas been performed poor over the season.

water 12 (1)

Gener at ed by

H ——
Head Middle Tail e
Month BR; BR. BR; BRy BRs BRs BR; Average Std. CV,(PE)
October 00 080 063 060 064 0533 06 062 016 02
November 100 087 068 080 076 043 030 071 022 03
December . 1.00. 073 037 043 043 034 036 052 025 048
Average 100 080 036 061 061 043 046 034
Std. 000 007 017 019 017 009 015
000 009 030 030 028 021 032
CV,(ED) 0.05 030 027 0.21
Equity

Equity of water distribution was calculated as the coeffi
cient of variation of the adequacy values between different
locations using cquation (3.3). The results of spatial co?f-
ficient of variation (PE) of water distribution over the in-
vestigation period are given in Table 4.2.Equity of walef
distribution in November and December is perceivcdalbm‘e
the standard of the faire rage; which is said to be poo
But, the distribution of water in October isfair- The he?
reach users received more water than the middle and :
tail reach, however tail reach users aremost disadv;?tsfui.
in the delivery of water (Table 4.2). Average Overble 1)
ty of the delivery system is found 10 be _34.(Ta' oot
The result shows that equity of water distribution 157
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k

over the entire system.Belete (2006
also found similar results in the sy
almost upper end outlets were rece
the tail end.

) and Mekonen (2006)

t-iy and suggested thy
Ived more water than

Equity Ratio for Head andTail (ERHT)

The ERHT was calculated using equation (3.4)- Table
4.3displayedthe equity ratio for head and tail and the val-
ues of MDR.

Tail
Month 1\}2]1;\;{ 1.33 Ry BRs BRs B-
October 313 DR _MDR MDR  MDR  ERHT(MDR)
November 7'00 0-80 0.64 0.53 0.63 2.18
Brgmter S 13 8-3; 0.76 0.43 0.39 4.96
. ; B ,
_Average o 3.41
ol 352

The value of ERHT ranges from 2.1§ 1o 4.96. The overall
averagevalue of ERHT is found 1o be 3.52. The results of
ERHT obtained here are poor. All the valyes of the ratio
(ERHT) in the table are greater than one, indicating that
the MDR of the heaad reach of the systeni is higher l};an
the tail reach.The performance of the main cal;al 15 not
found 1n a reasonable level with respect to ERHT (MDR).
The head delivery systems receive more water than the tail
in all months.

Deficiency of Water

The deficit of waier delivery was calenlatedby using equa-
tion (3.5).The resulis of spatial and tcmporal average val-
ue of deficit are presented in Tabie 4.1.The average 12m-
poral deficits in head reach arc relatively lower. Yel short-
age of water is not emerged in the first branch canal
(Table 4.1). The deficits of the tail reach delivery system
had been highesi. Average spatial deficit in the convey-
ance syster hias beenobserved in all months. The spatial
deficit 1s advanced 1o December mainly in branch canal
six (BRy). High spatiel average deficit is happened in De-
cember. A verage overall dzficiency of the entire system is
found to be 0.36 (36 jeicent). The delivery system sup-
plied less waterthan the required in generally.

Maintenance performance of the system

Effectiveness of infrastructure

Effectiveness of infrastructure was estimated using equa-
tion (3.6). According 10 the design document, the total
number of structures that wereinstalled in the irmga-
tionscheme was 113, howeveronly 18 structures are cur-
rently functional. Hence,the value of effectivencss of in-
frastructure is estimated to be 15.9 percent. The value sug-
gested that the maintenance activity of a system was very
poar,

With regarding to canal operating condition, the physi-
calstates of canal length inspection areshowninTable4.4.
The main canal section 1s found to be operative, nearly
operative, nearly inoperative and inoperative with the cor-
responding value 0f4.86,67.50,0.90 and26.74 percent re-
spectively. Whereas,0.08,79.63,9.07and 1 1.23 percentof the
branch canals are operative, nearlyoperative, nearly inop-
erative and inoperative respectively.In the view of the
survey displayed inTable 4.4, nearly larger percentage of
the main and branch canal iength were found to be inoper-
ative in the tail reach.

Location Total length Operative N early Nearly Inoperative
of canal(km)  length {%) ocperative (%) inoperative (%) length (%)
Main canal | 531 4.86 57.50 0.90 26.74
Branch canals 23 .86 (.08 79.62 9.07 11.23
Water surface elevation rado (WSER)
The parameter of WSER was computed using equaticn (3.7).The resultsare given m Tzble 4.3,
Table 4.5 Avaerzze Water Surface Elevation (WSE) statuses of the mam canal
ch‘anon Head Miadie Tail Over all
Dev. Dev. Dev. Dev.
WSE WSER WSE WSER WSE WSER WSER WSE
Average 0.05 0.04 0.13 (.34 0.05 0.94 091 0.07

Note: tha result is based on memn

2 A = T TIPS o Jerrinten f
mezsurements are m metat 1.‘,';ti,zg_:.y’,—.’,‘\,nb&‘«. i3 devialion

Water |2 (1)

level measurement of water depth at FSL in various mam canal sections and &l

3

of mzter susfacs elevation,
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an level mcasurement of
ain canal sections and all
WSE 1s deviation of

It is pased on m¢
FSL in various m
are in meter unit.Dev.

Note: the rest
water depth at

measuremﬂus

urface elevation-

water 5
ended water depth of

the design document
ise p;;in canal ?rom {he canal bottom was 0.8 m at FSI;
with the discharge capacity of 2 m3/s.\yhereas, the cur(;e'?3
-erage water surface elevation at FSL 1s found to be 0.
' e WSER was found to be

_Even though, overall averag | -
0m9l. This sh:\vs a seven percent of WSE at.FSL was re
duced in the intended water depth of the main canal. Th.e
WSER at head, middle and tail

nal during the monitoring period is
1ain canal is infected by

the int

arameter of average
reaches of the main ca
generally less than one, thus the n
weed and sedimentation problem (Table 4.5).

Delivery Duration Ratio(DDR)

Rwas calculated using equation (3.8). As
ocument the intended duration of water
hours per day. However, because of the
| system, mal functioning of control
structure, defective of ender main and secondary canals
and due toshortage of water mainly for tail end beneficiar-
ies, water delivery is neither timely nor reliable, sinceactu-
al duration of water delivery is elongated to 24 hours per

day.Therefore,DDR is 133.33 percent; showing the water
is notdependable andthesystem
further

The value of DD
per the design d
delivery was 18
silting up of the cana

distribution ~ system
maintenance is insufficient. The system needs

maintenance requirement.
Sustainability of irrigated area (SI)

As per the design document the intended command area
that a scheme could potentially irrigated were 1336 ha,
while the actual irrigated area in a cropping season are
1131.87 ha. Hence, SI is found to be 85 percent using
equation (3.9). The irrigated areas of the irrigation scheme
are reduced compared with the planned; however the re-
ductions of command area were not due to the inability of
the‘scheme water supplied to the farm with insufficient
maintenance activity.

CONCLUSIONS AND RECOMMEDA-
TIONS

P.erformance assessmentis a practical solution to provide
different stakeholder with a better understanding of how
Fhe: sy.stem can be effectively implemented to improv

irrigation system performance. It helps to identify probe
lerqs and management practice of irrigation system [};l lh-
main canal system, the performance of water delive; .
found to be: poor in terms ofadequacy, dependabilit il
ty and equity ratio for head to tail. Likewise, the g ,l?qm-
s'ystem supplied less water than the required :which(? o
sidered as unsatisfactory with respect to del';cit Thislflrfa[:-

water 12 (1)

Gener at ed by

isfactory performance of irrigation ¢

the productivity of the farm and bring:t tog
flicts. - Water tl terdedl{-e
y,

Maintenance performance indicators v,
parameter of water surface elevatiop raliere Cong; &
infrastructure, canal operating con ditiono’ effeﬂivend’he
ration ratio. Generally, it was found thatand eive:;s“
performance of the system was very p, the i na:u,
the structures are affected bySedimfmtati;)r:Some Damct
flooding anderosion problems. The mainn’ Wee gm“of
maintenance performance of the scheme hCaus,:s 0“;11,“
totechnical,social,managerial, institutiong] :’1; Ee“ &
ﬂancia!

1ssues.

In general, according to the result percejveg
mance of irrigation system is low. Thﬂefore';h
be performing well;thoughtful system manag’emsm.m'ﬂ
quired so as (0 achieve the required ObjEctiV:n“m
scheme. Moreover, improvingwater manageme:t"f e
quate maintenance of irrigation infrastructures cz; ﬂt?e‘
building of users in different aspects which can l;e Sfacny
for improving irrigation water utilization, soil ang \i:l;‘:n
c?nservauon practice is required to provide manifold he:
efits.
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The Effect of Soil Erosion on Reseryoirs Life Expectq l

A case study on Belbelqg reservoir, Ethi

Mastewal Tesfaye', Prof. Dr. Charlotte De.

Abstract

tion (scenario-3),

not even achieve the design period of the

best conservation measures in reducing s
effect of this Management option on agric

Keywords: Belbela reservoir,
(BMP), SWAT mode|

Introduction
Background

Soil erosion is a major factor in threatened water resource
development in Ethiopian watersheds. In Ethiopia, reser-
voirs are considerable water source options to [ulfill vari-
ous types of water demands. The removal of soil from a
watersheds leads to sediment accumulation in dammed
reservoirs that are located in the outlet of the watershed.
The siltation of small reservoirs is seen as a serious envi-
ronmental threat in Ethiopia, where more than hundred
dams have been built to store unevenly distributed rainwa-
ter for the dry season (Zeray et al., 2007). These reser-
voirs, which are essential water sources for domestic and
unigation use, are in danger of losing their function by

water 12 (1)
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predicted with the simulation n

» Watershed Best Management Practice

sedimentation. Thus, an isight into soil erosion from the
watershed and its deposition on reservoir is essential for
reservoir management. Mitigation methods of soil erosion
play a crucial role for sustainable water resource develop-
ment in the watershed. More specifically, an understand-
g of the quantity of sediment yield from the watershed
and its deposition in a reservoir as well as the alleviation
methods is essential, in resolving or mitigating the trou-
bles and for effective reservoir and watershed manage-

ment,
Problem Identification

Belbela watershed is located in central highlands of
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Ethiopia. This watershed jg one of the -
sediment yield is an issue for reservoir Flurs
to the increasing cultivation Practice

voir sedimentation is apparent in thig Waters}

let of Belbela watershed is dammeq ¢, formle;d‘ The oy,
reservoir (Figure 1). This reservoir js lheu ate. Belbe],
source of irrigation for more than gg . Main water
On this cultivation area, there are aboyy 68‘;2}1:lon areas,
having an average of 6 persop per house holg t§USeholds
their life on the revenue from the cultivygj, . rel.ays
Thus, it is visible that, ag main iMigation Wa? Practice.
losing capacity of Belbela reseryo; T source,

T by sedimentygion s
i . t1
have a huge impact on farmerg' livelihoods wall

Objectives and Research Questions

» the prop

Main and specific objectiyes:

The main objective of this research i
tially distributed soil erosion process

in Belbela water:
eyt she
in order to predict its influence on B ‘

order 10 : elbela reseryojr. The
objective is also to assess the Impact of differen Wwater

shed management interventions on sediment yie|g Mitiga
tion and sustainability of the reservoir. =

S 10 simulae the spa-

The Specific objectives of the research are:

¢ To estimate the mean annual sedime

watershed under the current land ma;
tice;

nt yield of (he
nagement prac-

To determine the mean annual rate of sediment depo-

sition in the reservoir, in response to best management
practice (BMP) conservation measures;

¢+ To estimate the life cxpectancy of the reservoir in
response to BMP conservation measures;

¢ To propose mitigation measures to minimize the land
degradation and increase the life expectancy of the
Teservoir.

¢ Research questions:

. ¢ What is the current mean annual sediment yield of
Belbela watershed?

¢ What is the estimated average annual sediment depo-
sition rate on Belbela reservoir?

¢ What is the effect of BMP scenarios on mitigating the
soil erosion from the watershed and life expectancy of
the reservoir?

+

What is technically the best management practice tl(:
mitigate the erosion problem of the watershe.d?aS e
as increase the life expectancy of the reservoir:

Water 12 (1)

Stlldy Al’ea De

SCription
Lﬂcatiou
la resen.o

ir and i \ .
23 gh land of g S Watershed are Jocated in cen-

“thio 1
J . P1a w ; g
» OOm.S.l With a total cagep t:1[}1 average elevation of

SIVOIr s foup Nl area of 81km?. The res-
. about 67 1. . )
Pia, Adgis Abat 62 km from the main city of Ethio-

s EIVOIr catchm i &

ehwee 0001 A rvm €Nl area is bound

5007 gy 0 * 390550" Eag Jorgivate oy

Shoa zone und X 0@ latitude in Oromiq Region, East

rently the res:r: . administration of Adaa woreda. Cur-
i .

source Authority, 1S operated by Oromiya Water Re-

Climate and hydrology

Climate (Precipitation & T

Ten years (2000 10 2009) of rainfal] data an

A2 was collecteq from the N
.Ser\"es Agency (NMSA) of Ethiop
Ical stationg (le: Debrezeit, Chefe
located negr the study
three stationg shows tha

emperature)

d temperature
ational Meteorological
1a for three meteorolog-
donsa and Mojo) that are
area. The rainfall partern of the

: L, there is no significant variation
in the mean annual rainfall between the stations. In these

stations, high rainy seasons are observed in July and Au-
gust. The monthly rainfall in the study area ranges from
19.54mm 10 298.37mm. The mean monthly temperature is

Atyar 19, . -
between 14°C and 23°C throughout the year. The hottest
scason extends from February to late June.

Hydrology

The Belbela watershed does not have a gauging station for
measuring flow. Since Belbela watershed stream flow end
up 1o Mojo stream, the watershed delineation has been
extended till Mojo city taking Mojo gauging station as
outlet for delineation of the watershed (Figure 1). This will
help in obtaining flow data, which is a crucial input while
calibrating the model during development process. Thus,
the model will be developed for Mojo watershed and the
study area (i.e. Belbela watershed) will be considered /
treated as sub watershed in this research. The gauging
reading of flow from this station which ranges from 2000
to 2009 was taken from Ministry of Water, Irrigation and
Energy (MoWIE) of Ethiopia.
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Land use and soil type

Land use - 1and use obtained from
' hape file of existing land US¢ e

According to shap ision Enterp

ater Works Design and S-upg:lbelﬂ watershed

mSE). the cultvation ared f“ . ater-
i l[S) Sabzyut 98.5%. The residential areas 10 lﬁea:‘coum
akclzzu“are the second dominant Jand useén/Th:r)e " vered
;6% of the watershed area. The rest 0. :1 and Pasture
with Exposed Rock Surface, Degraded Lan

land.

Soil types N
According to the shape file obtained from MO\YIE (;felés ;5
opia, the dominant type of soil In Belbela \\‘atersd .
vertic cambisol which cover 91% of.the watershe‘ s ”ic.
The second dominant soil type in this watershed 1s pe
vertisols which covers 9 % of the watershed area.

Oromiya W

Fiure 1; Description of the watersheds in the study

Description of Watershed Area

— ¥ it ¥t ¥t

oL

;. ————ei
NS NG 2 XK Vojo Gauging Station
e e i Wt ¥UE
Methodology
General

The research demonstrates the estimation of sediment
yield from the watershed ang its effect on reservoir life
expectancy. It also estimates the degree of influences of
wate.rshed management intervention in mitigatin 0'l
erosion problem of Belbela watershed. A integralegd Sho;

drological and sediment vj

. yield model calleg SWA

used for n?odelmg the watershed. The datasets th I i
used in this research are digital elevati TN

on model (DEM),
water 12 (1)

land use map; soil map, weather data and hydrolg
The methodology includes data collection, mode] g

: : : : v
ment scenarios simulation, analysis of |ife exp elo;;

. : ety
ult & discussion, and conclusion & recommendalr-lcy‘
on,

fO"owEd in

res
Figure 2 shows the framework that has beep

. tUd 4
this study Figure 2 Frame work of the study

Best management practices Scenarigg

B o
Callbmted_i
SWAT Model

[ pest Management |
- practice (BMP) |
Scenarios 1

Simulation

{ : -, AR
E‘ . Results and Discussion

}

Epgr_gc_luslon nd Recommeﬁda?a

Best Management Practices (BMPs) are combinations of
practical management, cultural, and structural practices
that agricultural scientists, government agencies, or other
planning agencies believe 1o be the most effective and
economical way of controlling erosion while maintaining
agricultural production (Donald W.Meals et al, 2003).
Accordingly, in order to choose the BMP that could be
done in the watershed, a discussion has been made with
the Woreda Agricultural Buro which is parts of the gov-
emment and farmers in the watershed. The BMP scenarios
for the study arca that were selected and simulated in this
study are summarized as shown in Table 1.

Anatysis of Life {
1’ g Expecaney of 3

t} Reservoir (1] |

Sediment Yield Analysis

SWAT uses the Modified Universal Soil Loss Equation
(MUSLE), an improvement of Universal Soil Loss Equ-
tion (USLE) developed by Wischmeier et al. (1965, 1978)
to predict erosion by rainfall and runoff, This method Us¢S
runoff to represents energy used in detaching and trans
porting sediment (William, 1975).

1
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Scenarios Descnptum SWAT parameter to
. be revised
Sc-1 Parallel stone [ine: 252,500 75c9; HRU(hru) input
(For farm areas with slope > 5%) |table

Sc-2 BlQTHhJMQg.OD contowr: (P=0.97 " | Mgt input table

Sfd-3 1 Stlnp Tultlvanon: (P= 0.8)* Mgtl input table
3= reducmg the slope length of tha farm by 235 ¢ = { 2 e
b = reducmg the slope length of the a=il o ey e

sed = 11.8 (Qoury X qpeny x areay,, )"
LSusie X CFRG Equation 1

Where:

* Kusie x Cygyp x

sed : sediment yield/given day (metric tons)
O;..rr: surface runoff volume (mm H,0/ha)

Gpeak : Peak runoff rate (m¥/s)

area,,: area of Hydraulic Response Unit ha

] Kusie : USLE soil erodibilit

y factor (0.013 metric ton
m’hr / (m’-metric ton cm))

Cusce : USLE cover & management factor
Pysie : USLE support practice factor
LSys.e - USLE topographic factor

CFRG : coarse fragment factor

Life Expectancy Analysis of Reservoir

The life expectancy of a reservoir is a useful parameter for
assessing its sustainability as a useful component of a wa-
ter resource system. It is the expected time at which the
reservoir dead storage will be completely filled with sedi-
ments. According to Gebrehawrit and Haile, (1999), the
life expectancy of a reservoir can be estimated by dividing
the reservoir dead storage capacity by the rate of sedimen-
tation as shown in Equation 2 below.

i
LE= SR
Equation 2

Where:

LE: Life Expectancy of the reservoir (year)
SR: Sedimentation Rate (m’/year)

RSC: Reservoir Dead Storage Capacity (m?)

The dead storage of the reservoir were obtained from lit_er-
atures as they indicate that it was obtain from the design
documentation of the dams from Oromia Irrigation Devel-
Opment Authority Central Branch office, 2000 Adama.
Water 12 (1)

farm by 50z, *

by 75%
= the factors are defmed for Ethiopia by Humi (1985)

The sedimentation rate can be found by multiplying the

SWAT sediment simulation outcome to trap efficiency
(TE) of the reservoir.

There are different approaches to estimate TE of reservoir
(e.g: Rausch and Heinemann, 1984; Verstraeten and
Poesen, 2000). One of the most commonly used empirical

based models is that proposed by Brown (1943), which is
given in Equation 3.

_ 1
TH=a00% L= 140002105 )
A

Equation 3
Where:

TE : Reservoir trap efficiency (%)

C : Reser-
Voir storage capacity (m3)

A : Catchment area (km2)

D : has constant value ranging from 0.046 to 1 with a mean
value of 0.1 (Figure 4).

Capacity-watershed ratio (CAW) (acreffeet capacity per mile? catchmant area)

0 -] S bt ] 100 15 15 s m
100 1

. o

l me\wnmw-lh&mtrdm‘l
o i
desgnein 0+ 01 kg @) and (31|
L T T |
o | | ] | |
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0 10000 20000 000 00 50000 €000 70000 &0 90000 100 000
Capacity-watershed ratio (CMW) (m® capacity per km? catchment area)
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i ‘Discussion of Sedimentation in
. Modified from ‘Discussion 0 .
So—l:rrt\:;irs by J. Witzig'. Brown, C.B., Proceedings of the
r:;wn'can Society of Civil Engineers, 1943, reproduced by
;ermission of the American Society of C ivil Engineers

Fioure 4: Trap efficiency related to capacity/watershed

rauo

The value of TE depends on the value of D, which is
aoain depends on reservoir characteristics. Brown (1943)
gﬁc_rgested that, value for D is close to 1 for reservoir in
reg:ions with smaller and more variable runoff and for
those that hold back and store flood flows. Since Belbela
reservoir fulfills the requirements of Browns suggestion, |
has been used for D to estimate the trap efficiency of the
reservoir (Figure 4).
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|
e

e

SWAT Model Sensitivity Analysis Results

The sensitivity analysis work shows that, curve number
(Cn2) and threshold depth of water in the shallow aquifer
required for return flow to occur (GWgmn) are the first
& second sensitive parameters respectively followed by
Maximum potential leaf area index (Blai). Available water
capacity of soil layer (Sol_Awc) & Soil evaporation com-
pensation factor (Esco).

SWAT Model Calibration and Validation Re
sults

From the historic meteorological data, the total annual
water yield was 126 mm. However, the simulated
results in total water yield of 198mm which is over
estimated. Thus a manual calibration has been done in
order to meet the simulated output values to the actual
annual averages. Eventough the curve number (Cn2) is
found to be the most sensitive parameter in this model,
since most of the watershed is used for agriculture, the
range 60 - 87 for Cn2 seems to be within the range.
Thus no calibration has done for it. The next parameter
to be calibrated is GWqmn. The default values given for
this variable is 0, which is not reasonable. Thus after

water 12 (1)

Model Results and Discussion

SWAT Model Results

The first simulation using default parameters was not
able to correctly reproduce the runoff in the watershed
because the model overestimates peak flow from the
watershed (See Figure 5 for comparison of measured
and simulated values of flow on a monthly basis). The
Figure as well as the model performance evaluation
shows that, the mode! is below the performance cnteria,
Therefore, parameter calibration was needed after iden-
tifying the most sensitive parameters for runofT via sen-
sitivity analysis.

Hydrograph for Mojo Watershed

— ~ - =

some trial and error the Gwgmn is adjusted to 37 mm
which results in simulated annual average waler yield to

23mm. Finally the model goodness-of-hit was evaluat-
ed both on a daily and monthly basis. For calibration
period(?()Ol-El)lJ'b;_ the model performance cvaluation
analysis gives PBIS -0.59%, r* = 0.67 and ENS = 0.52
on daily bases and PBIS 4.11%, r* 0.72 and ENS 0.72
on monthly bases. For the calibration period, the com-
parison of measured and simulated value on monthly
base is shown in Figure 7.

The calibrated mode! was then run for validation period
from 2007-2009 to validate the model. The result
showed that the observed and simulated daily and
monthly runoff closely matches. The statistical analysis
results also demonstrated reasonable agreement be-
tween the observed and simulated runof! with R* value
of 0.88, PBIAS value of -7.73 and NSE value of 0.83
on daily base, and R*= 0.9, PBIAS = -7.74 and NSE =
0.87 on monthly bases. For the validation period 2007-
2009, the comparison of measured and simulated value
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Figure 7: Hydrograph of observed and simulated monthly runoff for the calibration period 2001

-2006

Fig-
Hy-

SWAT Model Sediment Result

In this research, due to unavailability of sediment data, the
model couldn't be validate for sediment yield. Thus, the
simulated sediment data after the calibration and valida-
tion of flow is used. It is found that, with the current con-
dition, the average annual sediment load of Belbela water-
shed is 28,270m’ (i.e. 6.1 ton/ha/year). According to N.O
Carvalho et al. 2000, high values of sediment production,
such as 200vkm/year (2ton/ha/year), are very prejudicial
and may come to affect the reservoir with undesired de-
posits. N.O Carvalho et al. 2000 also say that, the values

ported in Table 2 may be used as indicators for surveys.

of degree of sediment production.

Table . Acceptable values for sediment production

Tolerance Sediment Yield
to/mi2/ | tonkm2/ | ton/ha/yr
)T yI
>500 175 >1.75
200 - 500 70-175 | 0.7-1.75
<100 35 0.35

ure 8:

Source: N.O Carvalho et al., 2000

Therefore, the sediment yield from the Belbela watershed
falls in high range of sediment yields which will affect the
reservoir with undesired deposits of sediments.

Sediment Results as response to Watershed
Management Scenarios

G.D. Betrie (2011) says that, Catchment management in-
tervention involves introducing best management practic-
es (BMPs) to reduce soil erosion and sediment transport.
Accordingly, after simulating the scenarios in the calibrat-
ed and validated SWAT model, a higher reduction of sedi-
ment yield from the watershed is obtained by reducing the
slope length of the farm by 75% with a stone line conser-
vation measures (scenario Ic). This approach can decline
the sediment yield of the watershed by 46%. Strip cultiva-
tion (scenario 3) shows 19% reduction of the sediment
yield from the watershed whereas plouhing on contour
reduce it by 11% (scenario2). Table 3 summarized re-

sponse of BMP scenarios to sediment yield.
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Results on Life Expectancy Analysis of Reser-

voir

The dead storage capacity of Belbela reservoir and the
sediment rate per year of its watershed should be known
for the life expectancy analysis of the reservoir. In view of
that, the dead storage of Belbela reservoir is found to be
0.67M m’ (W. Totoba, 2006 and R. Deribe, 2008) and the

As it shown from Figure 9, the life expectanc
reservoir can

inf:reased by 47 % if the slope length of agriculturg) arebe
with slope greater than 6% has been reduceq by 7;;
(scenario 1c). Reduction of the farm slope length by 50 0/“
('scenario 1b) can also achieve the design period of tho
reservoir. However, plouhing on contoyr (scenario 2) ang

y of Belbela

Strip cultivation (scenario 3

) conservation method Will not

sediment rate of the watershed is shown in Table 3, €venachieve the design period of the Teservoir.

Table 3: Life expectancy and average sediment deposition rate of Belbela reservoir

i
| Sediment Water- Reservoi i A
a1 - oir Sediment
fil Scenarios rate perha | shed Area Trap Efficien- ratecn Life E)Elsa)ectancy
j | M @ cy @
| @)
, |! (f;;gl/ (ha) (%) (m’/year) (Years)
i S 25%a 34 8012 95 25900 26 ;
C-
(Stoneline) | S0%b | 23 8012 95 21320 31
| 5% c 2.0 8012 95 15230 44
i Sc-2 (Plouhing on con- 33 8012 95 25120 26
H tour)
| Sc-3 (Strip cultivation) 3.0 8012 95 22840 29
[

ducing the slope length by 25%
from SWAT result

re-
¢ = reducing the slope length by 75% Column 1= Obtained
Column 5= Equation 1

b = reducing the slope length by 50%
Column 3= Equation 2 Column 4 = Column 1*2*3

b = reducing the slope length by 50% ¢ =reducing the slope length by 75%

= reducing the slope length by 25%
PC~ Plouh L SC = Strip Cultivation

PC = Plouhing on contour

|
i
|
j 76
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Figure 9 Life Expectancy increment Percentage
3S response

gummary of result

Table 4: Summary of the research analysis reg|¢

Research Qm

—

N
0 [ Seemare
Sl S rios P <
T [ What is the current estimated averape grm——— Result
. : Tage annua] <Y -
sediment yield of Belbela watershedy Current condifion _FTE =
-1 (ton/h,
5 | What is the estimated average annual seqrm——— L. )
> al sedj
deposition rate on Belbela reservoir? et Current condition (2):36230[““1/yr
| g 70 (mjl
Change Percentage of
- 5.Y (%) LE (%)
What is the effect of BMP scenarios on mitjgat SC1- Stone line b . =
3 | ing the soil erosion from the watershed and tghei-r 23 3
effect on life expectancy of the reservoir? SC2 -Ploughi 46 a7
' -Ploughin
on Contour ¢ 9 13
SC3-Strip
7 [ What s technically the b = = 19 3
What is technically the best management prac- i _
tice to mitigate the erosion problem of thepwa- ﬁsg ucing the farm slope length by 75% with stone
tershed? '
i

re-
ducing the slope length by 25%

S.Y= sedimént yield

Conclusion and Recommendation

In general it is observed that reducing the farm slope
length by 75% (scenario 1-c) shows the best result as com-
pared with the rest scenarios, in reducing the sediment
yield and increase the life expectancy of the reservoir.
Thus technically it could be recommended for the water-
shed as best conservation measures. Nevertheless, this
study has not incorporated the response of the BMP op-
tions to agricultural productivity in the area. Thus, it is
recommended if a study done on the effect of this manage-
ment option on agricultural productivity.

Currently Belbela reservoir design period is over. Howev-
er, still it is working as a main irrigation water source with
high maintenance cost like flashing the sediments out
from the outlet of the dam. This maintenance method
causes sedimentation problem in the conveyance and dis-
tribution channel in the downstream. Because of that,
there are complains of water shortage from the down-
Stream farmers. According to the information obtained
from the Woreda Agricultural Buro, they ar planning 0
Construct a new dam about 400m sbove the inlet of
Belbela reservoir to overcome the problem of irrigation
Water shortage. Thus, this research could be recommen e

Water 1 (1)

b = reducing the slope length by 50%

¢ = reducing the slope length by 75%

L.E=life expectancy of reservoir

as a vital input for the new reservoir and its watershed
management regarding sediments and life expectancy
analysis of reservoir.
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ABSTRACT

In this ;’3PCT kseasonal rainfal.l-runoff variability analysis is detected and streamflow is forecasted using stochastic ap-
proach for La € Tal'la Sub b.asm of Abbay River Basin which is located at the high land areas with one rainy season within
a year and having high spatial and temporal variation of rainfall and runoff.

The seasonal stream flow variability analysis of the basin is done from the existing and recorded meteorological and hy-
drological data. The four major seasons of the year are taken for seasonality analysis (i.e. Winter (JFM), Spring (AMIJ),
Summer (JAS) and Autumn (OND)). The rainfall variability is analyzed using seasonality and variability measures of CV,
SRRD and SRI. The rain fall variability is higher related to altitude than latitude and longitude. From the four seasons
there is no significant variation and trend spatially as well as temporally.

The seasonal runoff and streamflow variation is analyzed using HEC-HMS hydrological model to generate runoffs at re-
quired and selected points to detect the spatial variation. The gauged stations and catchments are easily analyzed from
recorded time series streamflow data. Runoff coefficient is taken as a variability measure for both generated and recorded
stream flows. The runoff coefficient ranges from 0 to 1. The range is high at dry seasons and less at wet seasons. The av-
erage runoff coefficient vale of the basin is obtained as 0.28 in which the value ranging from 0.18 to 0.36 at dry and wet
seasons. The average SRC value from generated runoffs is 0.45 at which it is 0.3 at dry and 0.6 at wet seasons. Runoff
coefficient is more dependent on antecedent soil wetness condition. Seasonal streamflow is forecasted using PARMA (p,

‘

q) and MPAR (p) models.
Key Words: Lake Tana Basin, Seasonal Variability, CV, HEC-HMS, Runoff Coefficient, streamflow, PARMA (p, 9),
MPAR (p).
. try to continental.
Introduction o o~ :
Whether it is natural or artificial reservoir, the seasonal
Background flow variation affects its storage as well as the supply and

Globally, there is growing concern that natural and anthro-
pogenic climate changes are intensifying the hydrological
cycle, which may be expected to influence river flow re-
gimes (Harvey et al., 2010). Since there is seasonal varia-
tion of climate it is unquestionable that there will be also
seasonal variation of both meteorological and hydrological
variables. Stream flow variability is highly dependent on
rainfall variability. Such variability occurs temporally as
well as spatially. The temporal variability occurs at many
time scales , from hourly to daily, from daily to monthly,
from monthly to seasonally and from seasonal to inter-
annual and beyond. The spatial variation also occurs from
local to regional, from regional to country and from coun-

water 12 (1)

demand. Knowing Seasonal flow variability and forecast-
ing of hydrological variables potentially improves water
management (Brown ef al., 2006). The seasonal variability
of flow and stage (Lake surface level) are factors which
play the major role on the natural flow of the rivers. Con-
sidering high flow and low flow seasons and the variabili-
ties in the derivation of reservoir operating rules is essen-
tial for coordinating the relationship between flood pre-
vention and benefit.
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Generally Lake Tana sub-basin is chorocterize_d t')y,;znor-
mous potential for developr_nent'of irrigated agricu n;rg;
hydropower, tourism, bio~dlv.er51ty and reoreatmns. ;
this reason, it is one of the richest sob-basm concerning
water resource (Daniel et al., 2007). Since Fherc is season-
al variation of hydro meteorological variables, t‘here is
fluctuation of the lake level. The lake as a reservoir regu-
lates the seasonal flow variations at the Chara Chara.wclr
site for the purpose of proposed and constructed projects.
For example the Tana Beles Transfer uses the regulated
excess water from the lake,

Location and Accessibility
Lake Tana basin is Situated o g, s e

Ethiopia at the head water e

Amhara administrative regiona| Statz Rlverbasim-
location extends from 10°57°N ¢, 12 s geggra";]_thE
from 36°S3’E to 38%15°R longitug ThN lalitlldi iy
15,321km? from which around 20% ofe-b“in arean.d
(Zewdie et al., 2010). The basin i ilsg s ? a]:s
main sub basins namely; Gilge] Abay, g Qivige, Iy

f
Megech. Umary, Rity :nu; ‘

S Of the Ay, o Sem Pl
of

w&.
[~ -

Methodology and Analysis .
Seasonal Rainfall variability analysis

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

- Figﬁre 1.1 Locotioo of Study Area

method for each precipitation station.
;Coéfﬁcient of Variation

Coefficient of Variation is one of the statistical measures
of variability which can be used for any hydrological tie
series variables and others. It is the ratio of standard dei
ation to the mean of time series data.

- T O T e (41)
il ! . ch ST/ yr - g o
Where, s CWa i, is Seasonal Coefficient of Variation
Wil -
ST
is

)"‘)' Seasonal Standard Deviation and
T

is Seasonal Mean

Seasonal Relative Rainy Days

It is the ratio of rain
number of days in th
and dry days within
ly.

y days within the S€ason to the tota|
€ season. It shows the variation of wet
Seasons spatially as we]| 5 temporal-

water 12 (1)

SRRD = -;-* 100

Where; is Seasonal Relative Rainy DY

§0
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N
is total no of days in the season and is th
number of rainy days with in the season 5
Seasonal Rainfall Intensity
It is the ratio of cumulative seasona] rainfall to that of the

number of rainy days with in that seasop
| spatial and temporal rainfall intensity variat
‘ seasons.

It indicates the
ion of different

SRy =

SRI
Where; is Seasonal Rainfall Intensity (in mm/day)

CSP . .
is Cumulative Seasonal Precipitation and (in
mm) and

n
is the number of rainy days with in the season

(in day)
Seasonal flow Variability analysis

Seasonal flow variability analysis is done using Seasonal
Runoff Coefficient as a measure which is simply the ratio
of excess runoff to precipitation (Daniele Norbiato er of.,
2009). To know the excess runoffs, the base flows are
subtracted from recorded flow data for gauged stations.

Seasonal Runoff Coefficient (SRC)

Runoff coefficient is one measure or index to show the
spatio-temporal runoff variability. This coefficient is used
mostly to estimate the runoff on the data scarce places
using an empirical formula of rational method.

SRC = 28s.
Pscp+A

.........................

Where,
SRC is Seasonal Runoff Coefficint

b Q.4 is Seasonal Cummulative direct runofi

Pscp is Seasonal Cummulative Precipitation and

A is the Catchment Area

Water |2 )
| -

Seasonal Flow Forecasting

In this research stochastic time series seasonal forecast
models have been selected from SAMS2007 package (O-
G. B. Sveinsson er al., 2007). The model is used to fore-
cast both stationary and non-stationary time series data-
From the data quality results (non stationarity), models to
forecast non-stationary time series data are selected. Sea-
sonal forecast models such as Univariate PARMA (p, 4
and Multivariate PAR (MPAR) are models which are
adopted to forecast seasonal time series data.

Results and Discussion
Seasonal Rainfall - Runoff Variability
Rainfall Variability

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

The variability analysis based on variability measures of
CV, SRRD and SRI is resulted along altitude, longitude
and latitude as spaces and the time from 1997-2005 years.
As it is shown from figure5.1, there is significant cozffi-
cient of variability variation on all szasons based cn CV
values and their ranges. The CV value generally ranges
from 0.85 to 7.76 at Summer and Winter seasons respec-
tively. Thers is high variation at Autumn season which
ranges from 2.35-6.22 and less variaticn at Summer rang-
ing from 0.85-1.5. The rainfall coefficient of variability is
relatively higher near Lake Tana. '

The rainfall variation based on SRI on the altitude, Lati-
tude and Longitude is not significant at Winter season
except some events with high SRI values and the variation
is significant on the rest of seasons even though the varia-
tion range is less. The SRI ranges from 0 to SOmm/day.
The range is high at Winter and low at Summer seasons.
There is no visible temporal trend of SRI variation.

There is significant SRRD variation at high altitudes espe-
cially above 2300m for all seasons. There is high spatial
variation than that of temporal variation. There is an in-
creasing trend of rainy days on winter season and a de-
creasing trend on the spring season.
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SRI. This indicates that the areas at high altitude get more

Rainfall Variability based on CV for: Winter, Spring, Summer and Autumn seasons (a, b, ¢ and d) respectively.

rainy days than that of low areas and the intensity of rain-
fall is relatively higher at low land areas than high land
eas.

As it is shown from the results, there is high variation and
increasing trend of SRRD along the altitude but not that of

1497

T

m

38 40 44 48 B2 68

% W I

20 24 28 32

I

Figure 32
SRRD Variation along the Longitude for Winter(a),spring(b),summer(c) and autumn(d) seasons from 1997-2005.

creased at low and high longitudes. There is high correla-
tion between CV and SRRD. It is the number of rainy
days that causes significant variation of CV than the rain-
fall intensity. 4

et

As it is observed from Figures5.3, there is increasing tem-
poral trend of SRRD on winter and summer seasons but a
decreasing trend of on spring and autumn seasons. There
is relatively high SRRD value at high Latitude and Longi-
tudes. At summer season, number of rainy days are in-

water 12 (1) 82
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I ¢ Variability Analysis Results

Runo

atchments the seasonal streamflow variabij;
'For gs?;gz?aiipulated from recorded flow data, le:it:ttg
is eat * outside gauging stations, excess runoff is generateq
men _HMS model for selected points after the mode]
flsmg“brated and validated at gauged stations. The R? val-
is c;uring the calibration period is 0.76 and is 0.68 during
:l]fe validation period. Since our purpose of HEC-HMS
model is 10 generate runoff the values are accepted.

The spatial GRC variation along the altitude, latitude and
longiwde is highly dependent and correlgifed to the SRI.
As we have seen from the above figures, it is clear that al]
rainy days didn’t give excess runoff. In other words the

B

3{:&;3 Funoff is the resylt of infi
o 1S the r§§ult of intensive
mstulre Condition (AMC) of th
coe.tﬁglent variation and distriby
vanz%bflity of the storms analyzed
Precipitation, rainfal] duration ra;
cedent wetness conditions (D., Pe
na'lly obtained runoff coefficient
Wwith an average valye of 0.15.

cient value is .45 which is ran

Season and 0.64 at autumn season.

B g
N3
N5 ¢
N2 4
%9

1897

The range of SRC variation for both gauged and ungauged
sites is high at spring and autumn seasons and low at sum-
mer season. But the average value is higher at summer and
autumn seasons as a result of high runoff and erosion of
the summer season and high antecedent soil moisture con-
dition of autumn season from high summer precipitation.
In addition high base flow components which are consid-

Crid as runoffs have significant effect for increased SRC
valugs.

- l!lough the range is very high, the average runoff
::sfﬁlcmm value for the basin is 0.28 from recorded his-
offsc?] ﬂ ow data and it is 0.45 from generated excess run-
age oslgg HFTC'HMS model. From both values the aver-
Values 46 l,'es o the range of theoretical and practical
Place used in rational method. SRC exceeds 1 at some

Sand some events which indicate that there was high

Tung ; '
inclug'anq erosion problem at that time of specific place
Ing itg upstream.

By

it

01 02 a3 04 A48 o€ OF 08 OO

Figure 3.3 Longitudinal Runoff Variation of selected runoff sites from 1997-2005 based on SRC measure for Winter,
Spring, Summer and Autumn Seasons (a, b, ¢ and d respectively)

The spatial SRC variation is relatively higher at altitudes
from 2200m t02400m. Generally, the areas on south East
and East of the basin have higher runoff coefficient. The
range and average runoff coefficient values are consistent
with those values used for different soil groups and land
uses.

Catchment Classification

Using SRC as a classification measure, the catchments can
be seasonally classified and grouped based on their sea-
sonal runoff coeficient values. The Catchments with high
SRC values implicate that these areas arc severely affected
by erosion and sedimentation. Whereas areas with low
SRC are areas with less erosion due tc? good water shed
management practices of due to their soil type.
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studies (Shimelis G. Setegn et al., 2008)
the erosion prone areas on the catchme.nt

d the factors using SWAT hydrological model for dif-
% t scenario. According to his result, the factors fgr
fe:)?ilon are: slope factor which is known to be the main
s;iving force for the movement of s'urface water. Steeper
and longer slopes result in high erosion rates. The second
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criterion is the land cover which controls the detﬁchabilit

and transport of soil particles and infiltration of Water intg
the soil. The types of the soil also play a significant o,
for erosion depending upon their physical Properties ang
sensitivity to erosion. As it is shown from the figures pe.
low, the runoff coefficient is high on the areas relatively
higher altitudes and slope.
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Catchments
based on

SRC variation results of generated runoff sites for: Winter, Spring, Summer and Autumn seasons (a, b, c and d) respec-
tively.

Seasonal Flow Forecasting

From the results of SAMS2007 model output, PARMA (1,
2), PARMA (2, 1) and PARMA (2, 2) univariate models
are better than MPAR (p) to estimate the volume. Estima-
tion of peak flows and their timing using both PARMA (p,
q) and MPAR (p) is worth except for summer season.
MPAR (p) is better than PARMA (p, q) to estimate peaks
and base flows. MPAR (2) and MPAR (3) estimate the
peak better than others for summer season, '

If the volume is the criterion for streamflow prediction,
PARMA (2, 0) for winter; PARMA (2, 2) for spring;
PARMA (2, 1) for summer and MPAR (2) for autumn
seasons can give good results than others. MPAR (p) mod-
el is better than PARMA (p, q) to estimate peak and mini-

water 12 (1)
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mum flows of summer season that gave R? of 0.786 and
MLE of -0.055. But it is not best model to estimate timing
and volume.

From the literatures it is proposed to use higher order
PARMA (p, q) models to forecast seasonal flows. But
from the result of this research, higher order PARMA (p,
q) models have limitation to forecast all flow types. The
model efficiency may also vary according to the seasonal
streamflow data quality. Thus it is not possible to general-
ize that PARMA (p, q) and MPAR (p) models are best

models for seasonal time series data except volumes and
base flows.
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Conclusion

Even though the basin is relatively getting different rain-
fall amounts and have also different distribution pattern,
there is slight spatial and temp

events and places. There is high rainfall amount greater
than 50% of annual precipitation at the summer season
(25% of the year). From the results and discussions above,
we can conclude that the rain fa] variability is highly de-
pendent on altitude and the lake. The coefficient of rainfall
variability is highly dependent on number of rainy days
weather its intensity is high or less. From the results ob-
tained we can conclude that Lake Tana has slight effect on
seasonal rainfall variation based op CV and altitude has

significant impact to seasona] rainfall variation than lati-
tude and longitudes.

oral variation except some

Seasonal Runoff variation is more influenced by runoff
intensity than rainfall duration and number of rainy days.
Runoff coefficient is more influenced by rainfall intensity,
antecedent moisture condition and erosion (upstream ero-
sion and downstream sedimentation).

From the results obtained we can conclude that coefficient
of variation has limitations at places of highly exposed to
erosion problems in which its value is greater than 1 that
indicates erosion and siltation. Runoff coefficient value
should be clearly set for urban (impervious) and areas
with different perviousness characteristics with erosion.
From the range of runoff coefficient values, most of the
areas in the basin are homogenous at summer season than
other seasons. From hydrological data quality tests, it is
clearly observed that seasonal time series data are not ho-
mogeneous, stationary and independent. Minimum flows

are better stationary and homogeneous than mean and
maximum flows.

It is not possible to generalize that SAMS2007 model is
best model or not to forecast future streamflows. For Lake
Tana basin, PARMA (p, q) model is better for volume
estimation which is vital for reservoir planning and man-
agement. And it is worth for peak flow estimation and
timing. MPAR (p) model is also better for base flow (low
flow) and summer season streamflow estimation. It is also
better than PARMA to estimate peaks without considering
the timing. To estimate future drought seasons and floods
not considering the timings, MPAR is better. Thus deci-
sion makers and researchers can use the two models ac-
cording to the purpose of future water resource.
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Abstract

i Gidabo River and its tributaries
1 source of water for surrounding
. biggest lake of the rift valley lake basin, Th

(Shuttle Radar Terrain Model, 90m). From
(BOD;), Dissolved Oxygen (DO), Chemical
recommended national and international stan
arithmetic mean (WAM) water quality inde
WAM-WQI calculation, the watershed WQ

Introduction

People living under water-stressed condition in the globe
were ranges from 1.4 billion to 2.1 billion (Vorosmarty et
al,, 2000). The pollution of water bodies by foreign mate-
rials inhibits its suitability for intended uses and aggra-
vates the problems of water shortage. One of the major
;_ factors that contributed for water pollution has been the
! rapid pace of industrialization. In Ethiopia, despite the
current phenomenal strides in agricultural progress and
industrial expansion, inadequate dissemination and re-
strained access to environment-friendly technologies
along with weak enforcement of environmental regulation,
have resulted in extravagance of unhealthy industrial prac-
tices causing cascading environmental pollution in the
receiving watershed. Large scale indifference on part of
industries as well as the state has led to massive releases
of industrial waste and toxic effluents into nearby river
| causing immense orders of environmental pollut_ion an.d
i health hazards for major forms of life. Often such industri-
ia al effluents comprise of products and by-products of t‘oxic
1!: and lethal materials, untreated chemicals like Chromium,
‘ i Nickel and Iron etc. that not only pollute the water and
i

!

i

|

environment but also endanger the health of millions of

water 12 (1)

Wastewater Management in Wet Coffee Processing Mills an their Iy, ,
on the Water Quality Status of Gidabo River and its T Fibutqy; e

Southern Ethiopia

| Mihret Dananto Ulsidy' i Meng Li
I- School of Civil Engineering and Architecture, Wuhan University

les,

of Technology, Wy,
China, o 430070

analyzed water quality parameters; turbidity, Biochemical Oxygen Demand
Oxygen Demand (COD), pH, Ni, Fe, NOy’, and PO,* were higher than the
dards for aquatic life. A new objective function called WAM-WOQI (weighted
x (WQI)) were developed, modified and employed in this research, Based on

\ i ; I value ranged between 34.83 and 54.31 at different reaches which categorized
the river and its tributaries under bad category. Watershed based inv

|
! cessing water was used to produce a kilogram of green coffee bean
|

entory of wet mills showed that 63.32 liters of pro-
- Traditional lagoons, having an average hydraulic re-

» were used to handle the wastewater. The wet coffee processing industry was discoy-

er and its tributaries are under higher risk of deleteri-

human inhabitations as well as domestic and wild animals
at large (Alemayehu and Rani, 2008).

There are more than 285 Wet coffee processing industries

in Gidabo Watershed distributed and concentrated around

Gidabo River and its tributaries. Quality coffee has its

own method of production. Basically there are two coffee

processing methods: dry and wet coffee processing. The

way of processing determines the quality of the end prod-

uct. Each processing technique has a different environ-

mental pollution potential. The most simple and least en- .
vironment polluting way of processing is the dry method,
mostly applied for Robusta coffee (Adams and Dougan,
1987). In this method cherries are picked and left in the
sun until the whole fruit reaches a moisture content of
around 11%. After drying, the outer flesh and parchment
is removed in one step.

In contrast to the dry method, wet processing require§ a
higher degree of processing know how and is applied
mainly for Arabica coffee.
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Procedurally it requires mechanical removal of pulp with
the help of water as a result of which it produces consider-
able amount of wastewater. The water used for de-pulping
of the coffee cherries is known as pulping water and it
accounts for over half of the water used in the process,
The wastewater has high concentration of organic pollu-
tants like pectin, proteins and sugars, nitrate, phosphate, if
released without treatment; it will be deleterious for the
water bodies, human health and the local environment in
general (von Enden and Calvert, 2002). The finer quality
in Arabica coffee from wet process was due to a pre-
sorting step of cherries which only allow ripe cherries in
the process. This is done during an approximate fermenta-
tion time of 36 hours depending on natural conditions like
altitude and temperature (Rothfos, 1979). Only afier the
mucilage layer has been hydrolyzed, all residues are
washed off and the clean parchment is ready for further
processing like drying (Vincent, 1987).

Every year from September to January, majority of the
wastewater in Gidabo watershed comes from hundreds of
wet coffee processing industries. This watershed is consid-
ered as a home for quality brooks and the “green gold”,
Arabica coffee of Sidama and Cheffe varieties, exported to
the international market. Due to lack of intensive research
on the water quality status of Gidabo River and tributaries
on a regular basis and its impact on the river ecosystems;
potentials and risks of the river for different purposes were
not well addressed.

Therefore, this study aimed at identifying the impacts of
wet coffee processing wet mills on the water quality status
of rivers and tributaries in Gidabo watershed. The study
evaluates if certain wastewater management strategies of
these industries have any impact on the water quality of
the river. The hypothesis of this research was “the effluent
from wet coffee processing industries compromised the
quality of rivers and tributaries in Gidabo walershed”.
Accordingly, the research questions were organized as: Is
there trends in the distribution of wet coffee processing
industries in the watershed? What is the waler quality sta-
tus of Gidabo River and tributaries? What is the impact Qf
the wet coffee processing industrial effluents on the quali-
ty of the receiving water source? How does a coffee pro-
cessing industry in the watershed handle its wastewater?
The next sections presented the materials used and the
methods followed in the study. Section three ‘and four
were devoted for results, discussions and conclusions.

Material and Methods
The study area

Gidabo watershed (Figure 1) is the home for more than
1,584,646 inhabitants (CSA, 2005). The absolute Ogeo(-j
graphical location of the watershed is between 6.09"an

water 12 (1)
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ghﬁd T:el:illt;mtde and 38" and 38.38° E longjtude with an area

kilomelerser:; of .3342'37 square kilometers and 305.25

is about Pecu"el)’- Ti_le total !ength of the watershed
ut 76 kilometers with maximum flow distance of

about 117 kilometers. The length of the longest river in the

waters_hed is about 38 kilometers and the maximum stream
slope is 0.15 percent.

Figure 1. The study area (Gidabo watershed)
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The method of sample collection was according to WHO
wastewater guideline (WHO, 2006), and American public
health association guideline (APHA, 1998). Thus, a total
of 15 water quality parameters from 8 sample locations in
the watershed were collected to investigate the water qual-
ity status of the river and tributaries. Moreover, two addi-
tional effluent wastewater samples from wet coffee pro-
cessing industries downstream of site S1 and S8 were tak-
en to investigate the characteristics of the effluent as com-

pared with the water quality measured at S1 and S8 loca-
tions respectively.
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Grab sampling was done in monthly interval for three
" months, September 21,2014 up to November 21, 2014 in
‘ eight selected sampling sites at twelve noon, 30cm from
| | surface and Im above the bottom of the river. All samples
L were triplicated every round of sampling. Mean values

(Chicu river, North of Dilla town), S4(a the -
tween Dilla Zuria District of Gedio Zone anq ) Cree
of Sidama Zone), S5(at Kege and Wenen, Wet
processing mills on Gidabo river bridge i ;Offee
town), §6 (Gidabo river at old Yirgalem Town Postq

K be.
ara Digtrig,

Data points mapping

. Comprehensive surveys were conducted by providing tab-
ular questioner for 11 districts in the watershed regarding
| the status of wet mills. Using the tabular sheet variables
| suchas: District name, name of coffee washing plant, its
| location (village name, Northing (UTM, Universal Trans-
verse Mercator system), Easting (UTM), number of la-
goons in each mills, lagoon size (m?), average daily total
: water requirement (m’), weight of fruit pulped per day
! (Kg/day), management of solid and liquid waste in the
H industry were identified. Using this data, each wet coffee
& processing industries were mapped on a GIS interface for
decision making. The topographic map was generated
from Digital Elevation Model (DEM) derived from a 90m-

water 12 (1)

|

_ . y 3 of D
- were used here for analysis. The sampling sites were District), $7(Gidabo at Chume village of Dale Dis"i;lll;
. | purposely selected based on the relative importance, loca-  S5(2t Telamo creek of Teremessa village in Shebeding
.~ tion and magnitude of wet coffee processing industrial dlStl’l.Ct). The Geograp hlcz_ﬂ Distributions ang Coordinateg
| influences. Sample site S1 (upstream of Small Bedessa IPCatlonS Were presented in Figure 1 and Table | respec-
| river), S2(South of Dilla town in Dilla Zuria Districty, 53 1%elY:
b ‘
| Table 1.Sampling Sites locations
§ No i Sample Numbers
| o Sub Basin 2 Sub Basin |
:; S1 52 S3 S4 S5 S6 S7 S8
}f 1 li:gth- 708019 | 708214 1S | 712485 746571 746572 | 751625 | 758343
:‘ '-‘ 2 Ef'isling 419521 420734 | 421590 419192 | 431182 435553 [ 437534 [ 439213
& 3 Site Bedessg DillaS. | DillaN. Bridge | Aposto | Arada | Chume Teremesa
| 4 Woreda [Dila Zuria [Dila Zuria Dila Zuria |Dilla-Dara|  Dale Dale Dale  [Shebedino
| . The
j water quality parameters which are analyzed in this study were illustrated on table 2 below.
i Parameters Methods and Apparatusés K
i PH, Temperature, PH and conductivity meter (HANNA pH211)
EC,TDS '
% PO4*- NO;~ Photometric measurements using flame photometer
COD dichromate reflux method through oxidation of the sample with potassium
dichromate in sulphuric acid solution followed by titration
i BODs&DO Winkler-Azide dilution technique
i Turbidity Nephelometeric (HACH, model 2100A
| - — . :
., .J Mg, Ca, Cr, Ni Atomic absorption spectrometer, AASP (Varian SP-20) using their
¥ respective standard hollow cathode lamps (APHA, 16935).
| Iron UNICAM UV-300 thermo electrode.
|

resolution Shuttle Radar Terrain Model (SRTM). Arc GIS
9.3 software from ESRI was used to prepare all the maps
in this document.

Data Aggregation

Separate descriptions of each water quality paramsters are
time consuming and do net vield approvriate understand-
ing to monitor and control the water bodies. WQI was
employed to aggregate individual water quality parame-
ters. It is one of the most effective tools to communicate
information on the quality of water to the concerned citi-
zens and policy makers (Puri et al., 2011).
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The method numerically summarizes the information from
multiple water quality parameters into a single value that
can be used to compare data from several ses and
months. The use of WQI simplifies the results of analysis
related to a water body as it condenses in one valye of all
parameters analyzed (Warhate& Wankar, 2012). There are
a number of indices developed in many parts of (he world
to evaluate water quality status and pollution extents of the
water bodies like U.S NSFWQI (Sharifi, 1990), BCWQI

(CME,1995), OWQI (DEQ, 2003), and Smith’s Index
(Smith, 1987).

For this investigation, WQI, was calculated based on the
weighted arithmetic mean (WAM) model where different
water quality parameters are multiplied by a weighting

factor and then are aggregated using simple arithmetic
mean as:

WQI=Y", 51, xw,

[}

Equation (1)

Where SI;= Sub-index i, n= No of sub

-indices,
Wi= Weight given to sub-index

Specifically, the normalized objective WQI (equation (2))
modified from WAM-WQI proposed by Conesa and other
researchers (Pesce and Wunderlin, 2000, Conesa, 1995

and Sa'nchez et al., 2006) was used for aggregation . It is
re-written as:

-ed water charact

WQI = g ZEaCoxw;

LW, Equation (2)
Wh‘ere; Ci= Normalization Factor (Sub-index i), W&
Weight given 1o sub-index, k is a subjective constant
Wwhich Tepresents the visyal impression of river contamina-

tion, It Can take a value of 1 for water without apparent
contamination or

0.75 for a slightly contaminated river or
0.5 for turbig contaminated water. For highly contaminat-
erized by blackish color, hard odor, visi-
ble fermentation, a value of 0.25 is assigned. To avoid
such type of subjectivity, for this research a value of unity
Was considered for k. A similar methodology was em-

Ployed by Nives (1999) and Hernandez-Romero et al.,
(2004).

Ciis the value assigned to each parameter after normaliza-
tion (Table 2). W, is the relative weight assigned to each
parameter (Table 3). Wi value range from 1 to 4, with 4
representing a parameter that has the most importance for
aquatic life preservation (Total dissolved solid and dis-
solved oxygen), while a value of 1 means that such param-
eter has a smaller impact (like pH, trace elements and tem-
perature in a specific watershed. Only those parameters

shown in Table 2 and Table 3 were considered for WQI
calculation (Conesa, 1995).

Table 3. Parameters considered for WQI calculation adapted from Pesce and Wunderlin (Pesce and Wunderlin, 2000)

Weight Normalization Factor (C ;)

WQP* (W) | 100 | 90 | 80 | 70 | 60 | 50 | 40 [ 30 | 20 | 10 | o
BOD-5 3 <05 2 |38 |4 <6 |8 <10 <12 |15 15
Ca2+ 1 [<i0  |<50 [<100 |<150 |<200 [<300 |<400 |<500 [<600 [<1000 [>1000
EC 2 |<750 [<1000[<1230 |<1500}<2000 |<2500 [<3000|<5000{<8000 |<12.000>12_600
COD 3 <5 <10 [<20 |<30 |<40 [<50 [<60 |<80 [<100 |<150 [>150
DO 4 [75 P70 P65 [26.0 [25.0 [»4.0 P35 23.0 P20 1O <10
Mg2+ 1 [€10 |25 [<50 [<75 |<100 [<150 |<200 |<250 [<300 |<500 [<500
NOj- 2 <05 |20 |40 |<6.0 |<8.0 [<10.0 {<15.0|<20.0|<50.0 |<100.0!>100.0
pH 1 |7 7to8 |7t08.571t09 6.5t 76t09.55t0 10410 1113 to 12{2 to 13 |1 t0 14
PO, 1 |<0.16 [<1.60 |<3.20 [<6.40 <9.60 |<16.0 [<32.0<64.0 [<96.0 |<160 0 >160.0
TDS 2 l=100 <500 |<750 l<1000(<1500 [<2000 <3000<5000510000§g,009.>20,0&0
Ly 1 21716 [22/15 4/14 [26/12 12810 [30/5 |32/0 [36/-2 [40/4 145/-6 [>45/<6

Turbidity| 2 |5 |<10 |«15 |20 [«25 [<30 |40 |60 [<®) <100 (>100
Fe 1 |03 |05 [« [<15 S 4 S K6 K P8
Nickel 1 |<0.02 |<0.025l<0 035]<0.045/<0.055/<0.065|<0.075<0.085<0.095|<0.057 |>0.097

Chromium{ 1 |<005 |<0.055<0.065/<0.075/<0.085/<0.095|<0.105/<0.115<0.125]<0.135 |>0.135

“WOP-Water Quality Parameters, W;- Relative weight, Ci - Normalization Facto

Water 12 (1)
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0 and 100, where

t WQI values range betvycen .
e res::lt]etlg the “worst” water quality and 100 represents
o lity. When the values of WQI are in

whest” water qua . k
tge mbnge of 0 to 25, the water is be classified as ‘‘very
the

pad’”; for a WQI value in the range of 26 to 50 the water
e cla;Siﬁed as “*bad’’; for WQI values in the range of 51
:0 70 the water classification is ‘‘medium’’; finally, when
the WQI values are within the range of 71 to 90 and 91 to
100 the water is classified as “good’” and as ‘‘excellent”’,

respectively (Jonnalagadda and Mhere, 2001; Hernandez-

Romero et al., 2004).
Results and Discussion

Trends in wet coffee processing mills distri-
bution

Mapping results of 285 wet coffee processing plants in the
watershed showed that most of them are concentrated up-
stream of the main Gidabo River or upstream of major
tributaries (Figure 2). The huge volume of clean water
required for many processing activities, especially for
washing the fermented beans after fermentation tanks,
‘encourage industries to look for relatively clean water.
With the perception that clean water found only in up-
stream creeks, their distribution shows hanging-up at the
upstream river trends contaminating the rivers from their
sources. Those industries found downstream, either uses
groundwater or public water supply system for final pro-
cessing. These industries were positioned near the river
only for the purpose of looking for cheap waste disposal

site, the river.

It is observed that all the industries were using water ex-
tensively. If the industry’s water recirculation system is
fully functional they only consume about 22 liter (Adams,
2006) of water to completely wash a kilogram of coffee
(Table, 4). However, due to non functional recycling sys-
tems, currently they are consuming on average 63.32liters
of water to wash a kilogram of coffee (Table 4 and Table

8).
Figure 2. Distribution of wet coffee processing industries
in Gidabo Watershed
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From the data cellected 90% of the industries lack either a
water recycling system or was not functional. According-
ly, 68% of the private and 92% of cooperatives owned
industries have nonc functioning water circulation system.
The next section presented the water quality status of riv-
ers and tributaries around the coffee processing industries.

Table 4: Experiences on water use in wet coffee processing industries

S.N Country |water use (Lkg)Recycling[Remark Reference
1 |CostaRica 2252 Yes [Minimum swater use Adams, 2006
2 |CostaRica 90.07 No [Maximum wateruse Adams. 2006
3 | Nicaragua 80.00 Yes [Traditional, fully washed BIOMAT, 1992
4 | Vietnam 22.08 Yes [Robusta Coffee Mels,2005
5 |India 77.50 No  [Traditional, fully washed Deepa.2002
6 | Ethiopia 63.32 No | Current Research Table 8

water 12 (1)
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_— 000

Water Quality Status of the wa

ferent Reaches tershed at pjf.

Among the water quality paramete
BODs, DO, COD, pH, Ni, Fe, NO;

main constraining parameters which ,
the recommended limits of WHO fq

IS tested turbidity,
and PQ,* were the
were above or below

r domestic water uses

or EPA guidelines Or aquatic |

In the range of tem
ex

ife.

Pected amoyn orpic.ramrc between 14°C to 25°C, the
mg L™ 1o § g |- b( 1ssolved oxygen varies between 10
amount of s Ut it was observed that in all sites the

1ssolved oxygen was almost empty (Table 5).

This show.
S that the water | _
‘ I1s already de t
support any life forms, y dead which canno

Table S-Physicochemical water quality characteri

- i acteristics of Gidabo River and its tributaries
. Ite sample t

S1 S2 S3 Sq ] SCS aken‘sr—‘_._*_ WHO?® | Local® [ Natural
EC 1033 | S81 404 [ 4861755 Tozrcior | 58 4
TDS | 69.3 e 125|451 1757 S
B 31 40581 280213383 [ 523 5179 Tearal /2| 1500 | To00
P 63 [46 [54 a6 Tsort—rt 5213111721000 3000 176
Temp [ 141 |18 [ 155 [T Tt 2:12 [505 (748 [653
Temp | 141 _ 186 126 Tosos |~ 5-85]69 6-9
Do : 0.01 (00 g 5 — 2, 242 11530 |[40°C |15

) 2 5 516 [am=—

Tutb :;42.6 241 | 45.3 (953 [516 [aq7 486 (z)i)M - - .
T 135 (14 1178 76l [3 73 56 tog—0—|<5
oD T yoa0 | 050y ke {302 T35t sun {3 (a0 =
SRR 1102 | 2735 | 3710 | 1618 | 2669 2665 250 =
cg2+ i 562 156 [58 |62 |62 393 3.96 200 =
al* |35.36]89.72|3143[7057 [ 160 16733535375 o0 :(5)0
NO; |48 60 130 | 100 [145 |200 | as 53 -
PO [ 0.57 [ 125 [8.75 |75 |22 405 | 015 o = o
= LT 25 18IS ] .15 | 0.08 | 0.02 5 10-50°
G ] .01 | <0.01 | <0.01 [ <0.01[<0.01 | <0.01[0.05 |03
i 0.04 | 0.08 | 0.005]0.041[0.15 [0.13 [0.14 [0.13 [002 |3

Note: All units are in mg L! except Temperature,

Turbidity, EC, and pH which are expressed in °C, NTU,

i - Ed
uS eml, and [H*] respectively, 'pg Ll ® World Health Organization standard for Domestic Use, ® Ethiopia's
National Standard for release to natural nvers, © Natural unpolluted water quality values . Bold test indicates result

above or below WHO limits

pH is very important since it affects the solubility and
availability of micronutrients and how they can be utilized
by aquatic organisms. The pH of the river and its tributar-
ies ranged in between 4.6 and 7.48 with 4.6 measured at
the main Gidabo River and 7.48 for the upstream creek
located at Shebedino Woreda. From the eight sampling
points, seven of them show lower pH than neutrality.
These may reveals the increment of either acidic waste or
organic matter load to the river ecosystem from the coffee
processing industries as decomposition of organic matter
leads to decrease in pH (WHO, 1984). At six observation
points, it surpasses the local permissible limits for natural
river release, 6-9 (EEPA, 2003) as well as international
standards for aquatic life 6.5-9 (WHO, 2000). In a!l Qb-
servation points the turbidity level is above all existing
standards. The consumption of more turbid water may
constitute a health risk as excessive turbidity can Protect
pathogenic microorganisms from the effect of disinfect-
ants like solar radiation, and stimulate the growth of bacte-
ria (Zvikomborero, 2005). Hence the turbidity value of the
river water was higher than the prescribed limits <SNTU
WHO (1993) and (EEPA, 2003).

BOD is a measure of the amount of oxygen that bacteria

water 12 (1)

will consume while decomposing organic matter under
aerobic conditions (Tenagne, 2009). Unpolluted, natural
waters should have a maximum BODs and COD value of
5Smg L and 10 mg L' or less respectively but on this
study the river and its tributaries water BODs and COD
values are above all standards. The elevated values of
BOD;s and COD in the river may show the great pollution
of the river by different activities in the watershed.

Nitrogen can exist in water in four forms like NHj, NOy,,
NO; and NH," and which may causes groundwater and
surface water pollution if it exists in excessive quantity
through leaching, stimulates algal growth in surface water
that increases maintenance costs in irrigation practices,
carcinogenic and blue-baby diseases in inll"anls of human
being. The concentration of NOjy in the river water was
above the permissible limit (WHO, 2006.; I;‘AO, l985) for
drinking and irrigation walerl uses. Nnme_land nitrate
should be less than 0.001mg L’ and 0.1mg L™ respective-
aquatic life (Murdoch et al., 2001) but the
fits tributaries had high nutrient contents
ural desirable levels.

ly for favorable
river and most 0
which depart more from nat
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most soluble and highly susceptible for
eaching thus it can cause even ground .water po]l.ution. Its
main source is decomposition of organic matter like coffee
waste, fecal matter and municipality waste.

Nitrate is the

The concentration of phosphate in the river and its tribu-
taries was higher than the recommended limits to freshwa-
ter healthy ecosystem (EEPA, 2003), due to this the river
is categorized in eutrophic state index (Carlson, 1977).
However, according to Chapman (1996) the nutrients level
in river water shows great impairment of the river ecosys-
tem by point and non-point sources of pollution.

Trace levels of dissolved metals in surface water are es-
sential for proper biological functioning in both plants and
animals (CCME, 2009). The concentration of metals in the

river was high due to point sources of pollution from g,
industries discharging their waste directly to this rives:
However, except Nickel and Iron, other metals are Withip
the permissible allowable limits to all designated waye,
uses (CCME, 2009; EU, 1998; WHO, 1998). To inveg;.
gate the pollution distribution trends in the Watersheq,
individual water quality parameters were weighed and the
aggregated results were presented in the next section,

Aggregated Water Quality Values

A WOQI analysis is separately done to aggregate the ind-
vidual water quality parameters at different reaches of the

watershed (Table 6).

Table 6. WQI of Gidabo River at Different Reaches

Wi Sample Numbers
. Sub basin 2 Sub basin 1
i sEEEEE S1 S2 s3 S4 S5 S6 S7 S8
QiQﬂﬁQQE&QQMQCAMQCMCjQMQQMQCM
1 T T80 80 [10] 100 |90 90 |10 100|70] 70 |[75] 75 |70] 70 | 80| 80
2 pH 115555 [35] 35 |45] 45 | 35| 35 |40] 40 [43] 43 [40] 40 [90{ 90
3 DO 2lolo|ol o|o]o|o]o|]o|[]o]oJo o] O]O]| O
4 TDS % [10]400[90| 360 90| 360 | 90| 360 | 80| 320 80| 320 [80] 32090 360
5 EC 3 [10[300|10] 300 | 10| 300] 10| 300 [90[270[10]|300]10|300/10]| 300
6 Turbidity 2 |40/80|0] o0 |[30]/ 6010/ 20 |0 0o o] O |O| O |60/120
7 NO5 2 |70/140|10] 20 [0 ] O |i0] 20 [0 O |[O | O |20] 40 |10| 20
8 POs5- 1 [90] 90 |[o0| 90 |60] 60 |60| 60 |40| 40 [30[ 30 [10[100[10] 100
9 COD 3/ol ool o [o] o|[o[] o [o]o0o|ofO]Of O/ lOf O
10 BODS 3]/olo0|o0o|] o 0] O0]0O] O |]Oo|[O[]O|O][O[OTO] O
11 Ni 1|70/ 70 |30| 30 |10|100|70] 70 [0 | 0 (0| o [o[ o O] O
12 Cr 1 |10/ 100|10[ 100 [10] 100|10[ 100 10[100[10] 100[10]| 100| 10} 100
13 Ca 1190 90 [80| 80 |90 90 [80] 80 |60| 60 60| 60 [90| 90 [90] 90
14 Mg 1 [10/100|10] 100 | 10| 100]|10[ 100 ] 10[100|10|100[10][100]10] 100
15 Fe 1170l 70| 0| o |70] 70 |o | o [10] 10 |60| 60 |10]| 10 |10] 10
SWi & yCiWi 29| [1575| [1215 [1375] [1245] 1010/ j1088) [1170| [1370
WQI= .
S CIWi /Wi 5431 | 4190 | 4741 | 4293 | 34.83 | 3752 | 4034 | 4724
WQI mean 46.63 39.98
Pollution state Medium| Bad | Bad | Bad Bad | Bad | Bad | Bad

Based on the above separate WQI computation for aquatic
life support system, the mean WQI value of 39.98 ob-
served at sub basin 1 indicated that the main Gidabo river
is already polluted at the upstream source. This analysis is
coinciding with the high population of wet coffee pro-
. cessing industries at the same reach (Figure 2). Except at
sampling site 8, all sampling points showed that the water
quality of the river and its tributaries between September
and November are bad for domestic and aquatic life.  So,
mitigation measures should have to be developed in the
watershed overall activities, particularly remediating the
solid waste and liquid wastewater releases from wet coffee
processing industries. To explore the direct contributions

water 12 (1)

of the coffee processing industries on the water quality,
wastewater effluent characteristics of the industries were
analyzed and presented in the next section.

Impacts of the wet coffee processing indus-
tries

In depth observation of the impacts of wet mills and their
contribution on the quality of the receiving water sources
were conducted by taking additional samples from efflu-
ents from two industries located at sub basin 1 and sub
basin 2 which takes S1 and S8 as their influent water
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sources. The data showed that the effl
were significantly pollutes by organic
tants as compared with the influent w.

- R *

uent water quality
and inorganic polly-
ater (Table 7).

Even though it is within the threshold Jey,
tion of calcium and magnesium roge fro
fluent level. Trace elements (nicke] an
ment showed a raise in concentration f,
fluent. On the other hand, chromium
both in the influent and effluent samples

el, the concentra-
m influent to ef-
d iron) measure.-
om influent to ef.
was not detected
- Effluent turbidj-

ty (Table 7, Figure 3) and COD were the two parameters
that showed a higher percentage of increment ag compared

: in 1.
with the influent concentrations at sub-ba.sln operation
change is due to the contribution of the pulping i
of the processing industries. Thus, the data depi

The

that

coffee liquid waste cause serious natural water .mrblfilty
and were sources of organic matter loading that lmpall >
the rivers water quality in Gidabo watershed. F_’H .vaEI
also showed a shift from neutrality to acidity 1ndl0311nf;"
that wet coffee processing industries are also a source O
acidic effluent in the basin.

Table 7. Mean physicochemical analyses of Influent and Effluent Waste

No | Parameters Sample sife
Sub basin 2 at S] Sub basin 1 at S8

Influent | effluent Change (%) | Influent | efftaent Change (%)
1 |EC 1033 | 4861 370.6 179.1 7491 3183
2 | TDS 693 3383 388.2 1172 5213 344 8
3 |pH 6.3 4.6 270 7.48 5.05 325
4 | Temperature 14.1 186 319 242 25.7 62
5 | DO(mgh) 0.06 0.00 -100.0 0.04 0.00 -100.0
6 | TurbidityINTU) | 346 953 175.4 20.6 486 22592
7 | Iron(Fe). (mg/) 1.2 17.8 13833 76 73 3.9
8 | BOD5(mgM) 54 346 540.7 30 300 900.0
9 | COD(mgM) 133 2735 1956.4 645 2669 4038.0
10 | Magnesium 4.04 5.8 436 396 394 05
11 | Calcium 3536 70.97 100.7 3750 | 3929 48
12 [ NO;- 4.8 100 19833 48 48 0.0
13 | PO,3- 0.57 75 1215.8 0.08 0.15 87.5
14 | Chromium <0.0001 | <0.0001 0.0 <0.0001 | <0.0001 0.0
15 | Nickel 0.037 | 0.041 10.8 0.13 0.14 0

All units are in mg I exc
. uS enri and [H'] respectively

Fig

ep! ITemperature, T urbidity, EC, and PH which are expressed in °C, NTUF

water 12 (1)
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Effluent iron, NO3, PO;” and COD were the parameters
that showed a higher percentage of increment as compared
with the influent concentrations at sub-basin 2. The elevat-
ed iron concentration was partly associated with the cor-
roding distribution system and old processing parts in the
industrial complex. NOy, PO, and COD were directly
evolved from the wet coffee processing residues (von
Enden and Calvert, 2002).

However, each wet coffee processing industries have at
least one wastewater collection lagoons. Therefore, how
cans wastewater reached the river? To investigate this
scenario, wastewater management behavior of the indus-
tries were analyzed and presented in the next section.

Handling of wastewater by wet coffee pro-
cessing industry

To contain the wastewater from the processing industries,
aerobic lagoon based systems are usually practice in the
watershed. Lagoons play a momentous role in treatment of
municipal sewage and intensive agro processing industry
wastewater. They provide reasonable and effective treat-
ment if properly managed. Waste water characteristics, the
amount of wastewater loaded, the type of pond used
(aerobic, anaerobic, facultative, aerated, maturation), ar-

e

rangement of lagoons and weather conditions are majg
factors that affect the performance of lagoon bageq smin:
treatment. The coffee washing plants have neither ade.
quate number of lagoons nor have sufficient capacity 1,
accommodate waste water for extended retention time,
Most of the plants incorporate two lagoons with average
depth of 1.5m. Nearly all Lagoons are not lined, not sys-
tematically arranged or interconnected in such a way thy
waste water can be transferred from one to another in .
der to allow better oxidation for the minimization of BOp

load within sufficient retention time.

One of the important factors that influence reduction of
organic pollutants of wastewater in lagoons is the duration
allowed to complete the oxidation process. It requires ag
long time as possible to achieve permissible effluent BOD
level. Determination of residence time depends on some
factors such as BOD load, pond depth and temperature,
Almost all coffee washing lagoons cannot accommodate
the waste water for more than three days (Table 8). The
average hydraulic retention time of 1.99 days (Table 8)
was not enough to degrade the pollutants in the
wastewater.

Table 8. Residence time (HRT) of wastewater at different districts of the Gidabo Watershed

Total Daily
Number Total water Dned bean Unit Water
of |Lagoonsize| discharge [equivalentperday | Requirement HRT
S/N | Districts observed| Lagoons (m3) (m3.day-1) (kg/day) {kg) (days)
1 Bule 6 860.00 450.00 7740 58.14 191
2 Dale 119 22779.00 8700.00 167760 5186 262
3 |Daa 63 1172100 | 4945.00 61920 79.86 237
4 Wensho 32 11635.00 2720.00 68800 3953 428
5 Shebedmo 48 11728.50 728050 107280 5439 161
6 [LokaAbaya 13 1860.00 1680.00 19320 8696 1.11
7  |Dilla Zua 60 877199 | 522000 72000 72.50 1.68
8 |Wenago 34 8160.00 |  5040.00 No data No data 1.62
] 0.00 No data No data 260
9 |Yirga GCheffe 2 650.00 250 ;
000.00 No data No data 1.06
10 |Aleta Wendo 97 10494.00 9900. |
11 [Chuko 57 603776 |  5696.00 No data No data 1.06
Total 531 9469725 51881.50
Average 8608.84 4716.50 6332 199

This clearly indicates that the wet coffee processing indus-
tries were surface or subsurface releasing non degraded
wastewater to the nearby water sources. Hence, the ob-
served water quality impairment from September to No-
vember 2014 in Gidabo Watershed was mainly caused by

water 12 (1)
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wet coffee processing industries in the watershed.
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conclusions and Rec“"‘mendation

. current study evaluated the
e

. Physi
ity characteristics of Gidap, Rinr Cgcclhi:m‘cal Water
3;/18!” quality parameters analyyoq )

and exqp: Putari,

arious sampling sites in the Watershe It o ed from
v

rat the river water is unsuitable f, (iome:t‘.s 0bserved
ic life for that particular coffy

3ql:; though, both point and nop.p.: -
EVH peside the natural factors Weaken the Quality (:f,
noality is mainly influenced by effluents -

q?ocessi"g industries .which are locateq g¢ the
ver and its tributaries. From fifteen rand
iv ster quality parameters, Gidabo rjye, and
failed to fulfill the national anq international Standarqg on
rurbiditys BODs,_DO, COD, pH, Ni, Fe, 03, and pg, >
The WQI analysis showed that the 4

river ang its tribytar:
: utarj
were categorized as “bad” for g cs

uatic life ang gorr..,.
. ; Mestic
uses during the coffee Processing seasong (from Septem.

ber to late January). Tho traditiona] Processing Practice
which uses about 63.32 liters of water to Process g kijo.
gram of dried befinS; and poorly designeqd/ Standardizeq
wastewater detention basing which haye a HRT of about 2
days were the precursors of the problem, Hepce monitor-
ing the effluent standards of the Surrounding industries;
mainly the wet coffee processing industrieg are extremely
essential to protect the river water

quality from firghe
deterioration. For further investigation, the monthly evaly.
ation of physicochemical water quality char
two years; twice in the coffee production se
tember to January and twice in the off sea
ruary to June is ongoing to get a coherent
quality impairment scenarios and rivers
pacity in the watershed,

polly.
€ Tiver
wet coffee
Ource of the
omly selecteq

acteristics for
ason from Sep-
sons from Feb-
overview of the
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Abstract

The Role of the Grand
Potential Contributions
been limited mainly to
GERD is to generate e

Ethiopian Renaissance Dam
for the Development Water B
the provision of hydroelectric
lectric power. However, the b

(GERD) Beyond Generating Hydroelectric Power: Appraising Its
ased Tourism in EthiopiaTraditionally, the roles of large dams have
power generation and irrigation, Likewise, the primary objective of
enefits of GERD should not be limited only to power supply, it will

Tourism is one the most lucrative

water based tourism. According to Dokulil
ly accessible, have the necessary i

water quality (‘clean water'). GERD fulfi]ls almost all of these preconditions. Th
Great Dam’ in our country is a great blessi

ngs for the development of water tourism

at the very west part of Ethio
Background

Renaissance Dam (GERD). Having untapped tourism po-
tentials, Ethiopia has been giving special attention for

pia is the Grand Ethiopian
Inthe 21* century,

in particular emerg
significant income

tourism in general, water based tourism
€s as the fastest growing industry and a

generating sector. It has become a key
ut of poverty and create new opportuni-
It has been also serving as an important alternative
Conomic sector for most developing countries. As of
2011, promising project having vital potential for the
country’s water based tourism development was launched.

Iy Promising project and the prospect tourist attraction

tool to lift people o
ties,

Water |2 1))

L

tourism industry and it already launched a new tourism
development policy in 2010. Recently, tourism has been
contributing for the country’s GDP and creating job op-
portunities for many individuals directly and indirectly.
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The Grand Ethiopian Renaissance Dam
(GERD) Location and General Description

The Grand Ethiopian Renaissance Dam (hereafter called
GERD) was launched on April 2, 2011 at Guba in
Benshangul-Gumuz Regijonal state. The GERD is located
approximately 750 km northwest of Addis Ababa on the

Blue Nile River at Metekel Zone in Guba Woreda and
about 45 Km west of Sudan,

EA L YEMEN -~
N B

v R \\‘/""
i )

S,/-

y g
/INDIAN
OCEAN

L 1.000km |
Figure 1: Riparian states of Nile and location of

The National Panel of Experts (NPoE), the dam will have
a length of 1780 meters and height of 145 meters and it
will be a Roller Compacted Concrete (RCC) gravity dam,
divided in three sections: right bank, central section and
left bank. With a total generating capacity of 6000MW,
the dam has been constructed over the river of Abbay
(Blue Nile) which is the trans-boundary river having
length of 6700km. Nile is the common resource of eleven
African countries: Burundi, Democratic Republic of Con-
go, Egypt, Eritrea, Ethiopia, Kenya, Rwanda, South Su-
dan, Sudan, Tanzania, and Uganda.

Generating 6,000 MW, the dam will become the largest
hydroelectric power plant in Africa, as well as the 11th
largest in the world. The total storage volume of 74 billion
cubic meters will be one of the continents’ largest.

Statement of the Problem

Since immemorial time the role large dams, was limited
on the provision of irrigation, water supply, flood control,
and hydropower generation. Even in the the 21* century, it

can be shown that the role of Hydropower dam for
the development of water based tourism has
been given less attention and still closely linked
mainly with the development of hydroelectric
power infrastructures. Likewise, the primary objec-

water 12 (1)
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tive of GERD is to generate an electric power of
6000MW, with an annual energy production of 15130
GWH per year to cover the power supply demand in the
country as well as in the East Africa region. However, the
benefits of GERD should not be limited only to power
supply, this great dam will have another socioeconomic
significance. Water Based Tourism is one the most lucra-
tive business that can be seen as a major indirect benefits
of hydroelectric power dams. The experience of many
countries such as Aswan Dam of Egypt, the Maguga

Dam of Southern Africa, the Three Gorges Dam Pro-
ject at Yangtze River of China and Pyrenees of Spain re-
veal that hydroelectric power dams have a great contribu-
tion for the development of water based tourism industry.
Similarly, GERD would play a great role for the develop-
ment of water based tourism in Ethiopia in general and for
western part of Ethiopia and Benishanul Gumuz in partic-
ular.

Moreover, researches made by organizations like the Stan-
ford Research Institute and Angus Reid consistently find
that between 10% and 15% of discretionary travelers want
to visit manmade water bodies such as dam, artificial lakes
and waterfalls. The most important thing here is that these
tourists are typically highly educated, matured, environ-
mentally aware and sensitive to the host communities’
social and cultural traditions and systems. However, most
of the time less attention has been given for development
of water based tourism business at hydropower dams and
as to my knowledge, organized and methodologically
sound studies to identify the potential role of GERD for
the development of water based tourism in Ethiopia have
not been conducted so far.

Objective

The main objective of this paper is to appraise the poten-
tial roles of the Grand Ethiopian Renaissance Dam for the
development of water based tourism in Ethiopia in general
and Benishangul Gumuz Region in particular.

Methodology

This research work has been mainly relied on secondary
sources. Secondary data can be a valuable source of infor-
mation for gaining knowledge and insight into a broad
range of issues and phenomena. Review and analysis of
secondary data can provide a cost-effective way of ad-
dressing issues, conducting cross-national comparisons,
understanding country-specific and local conditions,
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' g the direction and magnitude of change ..
m

dff‘cmnndgdescribi"g the current situatiqn. Accordingly,
gend® a per has collected data frpm vanous documents.
e r_esﬁ‘_Ons which have been written about the GERD,
gubllcz}ll Tourism development, and experiences of other
Eihi"p_@in relation with the role of hydroelectric dam for
cpumnebdepioyment and other related documents have
ourism » targeted and reviewed. An unstructured inter.
een WE been made with stakeholders mainly with toy.
view ars and tour operators. Moreover, the researcher

is[ﬁé Scﬁeld observation to the study area from April 25.
1ac¢

n

212015 |
ults and Discussions
5

oy for the sake of Convenience,.thc role GERD for

Jevelopment of water based_ tourism of Ethiopia has

¢ Jassified in t0 four subtopics. These are the role of

beenG £RD 25 a tourist attraction by itself, the role of the
E RD thto ugh image building and tourism Promotion, the

G of the GERD as incentives for the development of
role ions of the region and the country and the role

other attractions _
GERD in fulfilling the electric power demand of tourists

and investors. _
The Role of the GERD as a Tourist Attrac-
tion

The term water based tourism has been coined by authors
¢ Hall and Harkonnen (2006) being represented by the
lakes' potential, both natural and artificial. The lake areas,
sssociated to some relaxing and leisure milieus, with an
cwological aura above them have altracted lourists since
aicient Limes, ever since antiquity to the contemporary
period.

The informal interview made with stakeholders (scholars,
tour operators and tourists) approved that the GERD have
a greal potential tourists and it would become one of the
most veritable attraction of the country perhaps, the first
attraction that would draw the attenticn of both domestic
and international tourists in the near future. It is expected
that it would fill the existing two major gaps as far as the
Ethiopia’s tourism development is concerned. In the first
piace, it would balance the discrepancy of tourist attrac-
tions in the country. So far northern historic circuit and a
?01{111€rn ethnological and nature based circuit have been
falf!ng_lhc lion's share of the market claiming 95% of tour-
13t armvals of the Country. Whereas the proper western
}E":;tl of Ethiopia has been sharing less than 1% of the total
“m:P::C lo;rxst artival a.nd its revenue receipts is too
thsence O?Tfmg to mterwew ma@e leth tour operators,
liopia v a}r:lous 'tourlst attraction in the proper west

sy t;t ¢ main reason for the underdevelopment gf
© Proper we area. There were no famous attractions in

estern part of the Country. Hence, the GERD
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Wwould b,
em part
regard,

ecfolgne. Pl"i‘me tourist attraction in the proper west-
o Ethiopia and this dam would fil the gap in this

:lfg:r?fely;fthe SERD) also expected to compensate the
lacking 2 dC(')aStal attraction which Ethiopia is naturally
based loun' § W0u'ld enhance the development of lake
little wate:lsbm' Bemg a land locked country, there was
- dased tourism in Ethiopia. The existing limited
Bahr Da £ tousisim practice has been restricted around
sent ; and‘Hawagsa Cities. Hence, the GERD is a God

- RPOITLg develop water based tourism in Ethio-
Pla in general and in Benshangul Gumuz in particular.
The area has o comparative advantage for the development
Water based tourism.  According to Dokulil a lake that is
suitable for tourism must: be easily accessible, have the
necessary infrastructure, have warm water surface temper-
ature preferably >20 °C and have good water quality

(clean water'). GERD can fulfil] almost all of these pre-
conditions.

Moreover, tourist would enjoy with various water based
activities such as swimming angling, boating, water sport,
Scuba diving, surfing, shoreline activities like bird watch-
ing and so on. Fishing and Consumption of fish products
would become another niche as far as tourism develop-
ment of the area is concerned. Having the water volume of
greater than our great Lake of Tana and lying 247 East-
wards from its base, GERD has a great potential in terms
of fishing and fish products.

The Role of the GERD as Incentives for the
Development of other Attractions of the Re-
gion and the Country

In addition to attracting tourists directly, the GERD has
also invisible and indirect role for the development of
tourism sector in the country and in Benishangul Gumuz
Regional state too. The dam would pave the way for the
development of other tourism assets of the country and the
region 100 and it would solve the problems that region has
been facing in this regard. Tourists” infrastructures which
have been built following the emergence of GERD would
serve to access other tourists’ attractions of the region and
the country’s as well.
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The Role of the GERD for Image Building
and Tourism Promotion

Another important contribution of GERD in terms Ethio-
pia’s tourism development is in the area of image building
and tourism Promotion.

In the 1980s, the images of Ethiopia as famine and starva-
tion were spread and amplified to TV screens in every
corner of the globe. It touched the viewers’ hearts, and
stayed in people’s minds. Since then, a name called Ethi-
opia become associated with poverty, malnutrition,
drought, famine and war. Ethiopia’s predominant image in
international media remains one of starvation, conflict and
barren landscapes and many people in the West continue
to see Ethiopia as a charity-case. However, recently, the
image of Ethiopia has been changing. Beside to other soci-
oeconomic developments, the construction of GERD took
a lion share in changing the former negative image of
Ethiopia. Since its inauguration till now, international
media such as BBC, Algezira, CCN, Press TV and others
have been broadcasting news about the construction of
GERD and Ethiopia. For instance, Algezira has prepared a
documentary film entitled the “the Struggle over the Nile”
and “the Children of Nile” which was a great opportunity
to introduce the country for the rest of the world in depth.

It is a paradox that even the Egyptian printing and broad-
casting medias have been spreading information about
GERD, in contrary of their mission, they have been pro-
moting and introducing  Ethiopia in general and the
GERD in particular to the rest of the world. In such a way
that the GERD open a new chapter as far the Ethiopian
image is concerned. Therefore, it is logical to conclude
that the GERD played invaluable role in changing the neg-
ative image of Ethiopia and in promoting the country’s
tourism asset to the potential tourists. Therefore, the Con-
struction of GERD would play great roiz for the develop-
ment of tourism industry of the country through image
building and promotion.

Conclusion and Recommendaticns

Conclusion

This article has provided an overview of the contribution
of Grand Ethiopian Renaissance Dam (GERD) for the
development of the country’s tourism industry. In the in-
troduction part, the General situation of Benshangul
Gumuz Region (a region where GERD being building)
have been described. In addition, general facts about
GERD have been also discussed.

The contributions of GERD for the country’s water based
tourism development have been seen from different angles
and summarized through the following subtopics: the role
of the GERD as a tourist attraction by itself; the role of the

water 12 (1)

GERD through image building and tourism Promotion and
the role of the GERD as incentives for the development of

other attractions of the region and the country

The informal interview made with stakeholders (scholars,
tour operators and tourists) approved that the GERD
would become the most veritable attraction of the country,
perhaps the first attraction that would draw the attention of
both domestic and international tourists in the near future.
It is approved that it would fill the existing two major gaps
as far as the Ethiopia tourism development is concermed.
In the first place, it would balance the discrepancy of tour-
ist attractions in the country. So far northern historic cir-
cuit and a southern ethnological and nature based cirgunt
have been taking the lion's share of the market claiming
95% of tourist arrivals of the Country. Whereas the west-
ern part of Ethiopia has been sharing less than 1% 'ofth.e
total Ethiopian tourist arrival and its revenue receipts 1s
too little. Absence of famous tourist attraction in western
Ethiopia was the main reason for the underdevelopr}nent of
tourism in the area. Hence, Ethiopia’s Grand Renaissance
Dam would solve this problem. Secondly, the GERD a_lso
expected to compensate the absence of coastal attraction
that Ethiopia is naturally lacking and it would enhance the
development of lake based tourism. In addition to'attfact-
ing tourists directly, the GERD has invisible and indirect
role for the development of tourism sector in the country
and in Benishangul Gumuz Regional state too. Hence, the
dam would pave the way for the development of other
tourism assets of the country and the regicn. Another im-
portant contribution of GERD in terms Ethiopia’s touris:
development is in the area of image building and tourism
Promotion. Following inception of the construction of
GERD, the image of Ethiopia has been gradually improv-
ing and a number of tourists would flow towards Ethiopia.
Still the GERD has another contribution in providing suf-
ficient electric power for tourists. When it became com-
pleted, GERD expected to generate 6000MW and it would
satisfy the tourists’ electric power demand.

Generally, the GERD has both direct and indirect role for
the development of water based tourism in Ethiopia in
general and in Benishangul Gumuz Regional State in par-
ticular,

102

Gener ated by CantScanner fromintsig.com




be.

)
i
teg
ec.

he

e ===

T

Recommendations

go as to realize the potential of GERD for the country’s
tourism development and maintain sustainability, the re-
searcher has forwarded the following recommendations.

Like that of Historic Route in the North, Western Route
which would run from Addis Ababa to GERD as far Su-
dan Khartoum should be established. In such a way there
should be a free tourist flow from Sudan to Ethiopia and

vice versa
Important tourism infrastructure such as Lodges, Standard

Hotels, internet and water based services like motorboat
and others should be established

The security issue of the area should get a serious atten-
tion. A terrorists may targeted the dam. Hence, all stake-
holders should play their own role to maintain security

. and safety of the area. In the long run, tourism police
should be deployed at GERD.

A care should be protecting the dam from any kind of pol-
lutions

Host Community Involvement: Major achievement in
tourism industry can be achieved by the help of residents
of the destination. Local residents can play their role
through hospitality, their own small businesses, giving
rooms of their homes in areas where hotels are not pre-
sent, guiding tourists where tourist’s guides are not availa-
ble, arranging local festivals by not increasing the price to
items unnecessarily. Therefore, a special attention should
be paid in empowering and involving the host community
in tourism business.
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. | processes of our globe are dynamically changing from time to time due to anthropogenic and natural effects
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€, technological development and economic needs of human are forcing the alteration of hydro-
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The'cpcyc in one way of ano'lher. This study focused on hydroclimatic trend analysis for this 21* century in the case of
10Szier ’ _hasin, Eth!oplg. Chrpate ar_ld streamflow _sccnanos were developed to extrapolate data that was used for detect-
G 45 in hydroclimatic scries. Climate was projected by downscaling the HadCM3 output for five stations assuming

nd

ing I 72 emission scenarios using Statistical Downscaling Model (SDSM) calibrated with the National Center for
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00217 °C for A2a and 0.0171

year under Scen

ental prediction (NCEP) reanalysis data. SWAT model was used for hydrological simulation to produce syn-
" el camflow data for the dev;:loped scenario. The model was calibrated (R* = 0.72, N = 0.68) for the year 1992-

7and qalidated 1998-2001 (R” = 0.73, Ngg = 0.69), and then used for predicting future streamflow. The synthesized
reamflow data were tested for long-term trend using Mann-Kendall statistical test and the magnitude of the
tified by Sen’s slope estimator. The result showed that precipitation in the sub-basin might significantly (a
ate of 0.283 mm/year under scenario A2a during the year 2001-2099. Temperature may generally
d under both emission scenarios. Maximum temperature showed increase at annual rate of
°C for B2a whereas minimum temperature exhibited increase at 0.0064 and 0.0038 °C per
ario A2a and B2a respectively in this century. The corresponding streamflow also showed a significantly

0= 0.09) increasing trend with a change rate of about 0.947 MCM/year for scenario A2a and insignificantly increasing

change of T
{he agriculture, hydropower generation an

ate of 0.105 MCM/year and B2a respectively. The general increase in precipitation and streamflow may favor
d water supply in the study area. However, the increase in temperature may

have impact on these sectors especially the agriculture. Therefore, appropriate water management policies and strategies

{hat focus agro forestry prac

Keywords: Guder sub basi

INTRODUCTION

Fluctuating hydrological conditions have been observed to
have very significant impacts on the livelihood of human-
kmq through ages (Balek, 1983). Alternate wet and dry
[;:‘lods forced people to migrate from place to place in
!en;:(;acoge up vath i Prf)blem. More thgn ever, chal-
dl for Sce, by maﬂy'coumnes of the world in their strug-
sy t)()cm-economlc development today, are primarily
(ot and s (GWP, 2000). Hydrologic extremes
the alteratiy llaed) are lbe major negative outcomes of
Severe i det (l)f h-ydmlo,glc system. These challenges arc
M R O like Ethiopia, where agricul-
Curreng fooznmary. steering system of the economy. The

security, water supply and sanitation prob-

Mg are {
¢ the challenges that are directly related to water

SC&FCl[y) Wher
Wadation ¢
ance

eas heavy storms causing flooding and land
- Areag ue to soil erosion are related to waler abun-
of water scarcity cover much of the globe

Yaler 1y (1)

ol

tice, soil moisture conservation, and rainwater harvesting have to be implemented.

n, Hydroclimatic trend, SDSM, SWAT model, Mann-Kendall, GCM

among which Middle, North and Eastern Africa are pri-
marily raised (David et al., 2001)

One of the causes for alteration of water system in a wa-
tershed is climate change, which is induced mainly as a
result of anthropogenic pressures like greenhouse gas
emission and land use and land cover change in addition
to those natural forces such as volcano, hurricanes and
earth quake. Itis obvious that climate change significant-
ly affects the natural resources. However, the impact is
serious on hydrologic cycle; the failure of which results in
hydrologic extremes. This study focused on investigating
the hydro climatic responses associated with the changing
climate conditions for the case of Guder sub-basin of Blue
Nile River Basin. For achievement of this objective, stati-
cally based climate downscaling and SWAT based hydrg-
logical simulation was made to extrapolate the hyc.irologt-
cal and climatic data for long-term hydro climatic trend

analysis.
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STUDY AREA

Guder Sub-basin is found on the south eastern periphery
of the Upper Blue Nile River Basin falling between
8%42'N to 9°54'N, and 37°16’ E to 38°09" E- The area
corresponds to the central Ethiopian highland wpere t!\e
dominant landform ranges from flat to gently sloping W_“h
undulating plains, hills and mountains with elevation
range of 900 to 3230 masl. The climate of this sub-bgsm lSl
generally a warm temperate type with unimodal rainfal
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Fig-

ure 1: Location of Guder Sub-basin

METHODOLOGY
Climate Downscaling

Statistical Downscaling Model (SDSM) was used for
downscaling precipitation, maximum lemperature and
minimum temperature using time serics daily data of the
year 1976-2001. The potential predictors fiom NCEP rea-
nalysis data of A2a and B2a emission scenarios, were used
for model calibration and validation (weatber generation)
for the periods of 1976-1990 and 1991-2001 respectively.
The GCM predictors derived from the HadCM3 experi-
ment under scenarios A2a and B2a were used for scenario
generation. Finally the climate change was analyzed for

three scenario periods: 2011-2040 (2020s), 2041-2070
(2050s) and 2071-2100 (2080s).

Hydrological Simulation

water 12 (1)
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SWAT2005 interfaced with ArcGIS 9.3 was used for
streamflow simulation and projection. The simulation was
made using climate data of Ambo station. Sensitivity anal
ysis demonstrates the response of the sub-basin value
(flow) due to change in the input parameters. A combined
Latin Hypercube (LH) and One-factor-At- a-Time (0AT)
Methods of sampling which is integrated into SWAT2005
was employed for the potential input parameters screen-
ing. The analysis was made with observed flow data meas
ured at Guder gauging station. The model was calibrated
for the period 1992-1997 and validated for the period
1998-2001 for flow data Guder gauging station on ¢
main stream; Guder River. Performance of the model was
evaluated by two performance indices: the coefficier of

determination (R*) and the Nash-Sutcliffe efficiency
(Exns).
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fow associated w:th' climate change was
real ing the precipitation and temperature
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0 prese;,ari o generated outputs of Statistical
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g nd temperature. Average precipitation
P ed 0 were considered for the stream flow pro-
impﬂempefatum olygon (Shaw, 2005) method was used
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Hydroclimatic Trend Analysis:

ranﬂ-Kenfiall non-parametric test (Salmi et al., 2002,
ongobardi and Villani, 2009) was used to detect the long
-term trend (2001-2099) of the hydrological and climatic

?arameters and Sen’s slope estimator was used for quanti-
i

calion of the trend. An Excel template called
MAKESE_NS (MAnn-KEndall test for trend and SEN’s
Slope estimates) provides a simplified approach towards
the _CfﬂCUIation of statistical parameters that are used for
decision making on the analysis (Salmi et al., 2002).

RESULT AND DISCUSSION
The Projected Climate

The comparison made between the generated precipitation
fiatg for the baseline period and the three scenario periods
Indicated an overall increase in rainfall in the sub-basin
for both A2a and B2a storylines. Accordingly, the mean
annual increase reach about 6.44 and 3.13% by 2080s un-
der A2a and B2a respectively (Fig. 2a and b). These re-
sults fall in the range of Bates et al., (2008) study result
which showed that the increase in rainfall by 2080s may
be up to 20 % in East Africa region. Ngigi, (2009) also

reported that rainfall in East Africa is most likely to

in-
crease. ;

gien day, adjmp = change in temperature (°C) on a given
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ure 2: Percentage change in annual and seasonal rainfall at Guder Sub-basin
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The seasonal rainfall showed continuous increase from
2020s through 2080s under both emission scenarios (Fig.
2c and d). Increase in rainfall during the dry season in the
study area favors winter agricultural production.

The analysis result presented in Figure 3 shows that the

0 in 2020s, 1.33 O in 2050s and 2.53 O in 2080s for .
nario A2a. Under emission scenario B2a, the maximum
temperature may increase by 1.90 O in 2080s (Fig. 3a and
b). Minimum temperature also showed the same trenq
even if the degree of change differs. It may show incre.
ment of about 1.6 O under scenario A2a and 1.2 O under

maximum and minimum temperature in the area may  scenario B2a as shown in Fig. 3c and d below.

show mean annual increase under A2a and B2a. For ex-
ample maximum temperature may increase by up to 0.58

Scenario A2a m2020s @2050s ©2080s Scenario B2a  12020s B2050s (02080s |
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Fig-
3: Change in annual maximum and minimum temperature

The SWAT model run for the optimal set of parameter
showed a good result that agrees with the observed values
of the calibration (1992-1997) and verification (1998-
2001) periods.

Coefficient of determination and Nash-Sutcliffe efficiency
has been used as the measure of the model performance as
shown in Figure 4.

This result complies with the IPCC report (IPCC, 2007). It
also confirms the result of study of climate impact on wa-
ter resources of the Upper Blue Nile River Basin by Mi-
chael, (2012) which showed that temperature in the area
may generally increase under scenario A1B downscaled
by CCLM and REMO respectively.

Hydrological Simulation
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The increase in 2050s generally complies with the REMO
result of Michael's work over the UBNRB (Michael,
w increment during 2012). Despite the general increase in precipitation ©
t in 2080s for both about 6.5 % and 3.2 % under A2a and B2a resPeCtiny

f generally S
4 Ao 0 sy jght dec eIl

K . below, annual over the -basin 1
ce- ' Iiﬁfjjos an dePiCled in Figure 6 ¢ A2aand slight d st o 20808, B srcanflid 83 2400
e '}de‘ o5 A% 500 under scenario A2a an ecrease of about 135 % under A2a and 1.20 %
nd i chnﬂfﬂse by abolfn 7020s and this to sOME extent ~under B2a. This might be resulted due to the observed
nd m\ mdfenﬂfio BzaelaSe in precipitation- Guder sub-  InCrease in iemperature.
gt jncr i ,
e '?,-‘a“"dere g™ mS 26 ton/ha/year of sediment  pyiroclimatic Trend '
der g (hee sbout ‘ase in streamflow during sum- i
# ﬂ‘cldswl 8). lncfe,1 Loss causing land degradation ~ The MAKESENS result of trend test has been presented in 2 | i i
501 d diversion struc- Table 1 below. The test showed that annual precipitation g { 1

& y hU- - rcs i‘

B gera® am dams an |

i tre igni iti |

, o of the study area showed a significant positive trend for i -

?"',iutiO"' A.28' and insignificant trend for B2a at a = 0.05 level of i
S{gr‘uﬁcance (Figure 6a). The rate of change in annual pre- it
cipitation is represented by Sen’s slope and the computed i
value is about 0.283mm/year for A2a and 0.022 mm/year
for B2a.

§A2a OB2a

The result also showed that maximum annual temperature
showed significant increase at a rate of 0.022 °C under _
scenario A2a (Fig. 6¢). This implies that maximum tem-
perature might increase by about 2.17°C for A2a and 1.71 ki
°C for B2a by the end of this century. The increase
showed insignificant rate (0.006 °C) under scenario B2a ,
for minimum temperature as shown in Fig. 6d. i

3
Tlaman o VOO s S

ange in annual flow volume in
Guder

e Projeclcd ch

I trend test for precipitation, temperature and streamflow

——— A.‘

Table : Surnmary' of Mann-Kendal

[\
ure — 3 it
E— Enulsli;(r);:)sce- Test Z | Zecritical Seﬂ(SQS)lﬂpe Intercept (B) At a=0.05 H ‘
er T | A 244 | M 0.283 1409 | Significant | ’1
;. iplton B2a 025 |1 0.022 1414 | Insignificant
A2a 04g_| 7 0.0217 22 | Significant i
1 B2a g2 | M 00171 73 | Significant ] 1
i A2a 10 | M 0.00638 9.58 | Significant i\
il | B g | 0.00385 9.66 | Significant i |
! A2a pia |0 | 0000947 107 __| Significant it
| E boome | B2a 008 | 0.000105 115 | Insignificant |
et smprrtll |
| "1 i emiSSion); P10 ety tnend. under’ il AZa per year and this is insignificant at a value of 0.05.

O yolyme ;ﬁ”;”‘?s- Under scenario A2a the an-
g Million ght increase at an average rate of
gy cubic meters per year. The statistical
Musy, ‘Shchaﬂge to be significant at significance
e e © Tate of the positive trend is smaller
: 0 B2a than A2a. In the case of B2a the
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CONCLUSION

Precipitation in Guder sub-basin is likely to increasc sig-
nificantly at 0.28mm/year during this century under sce-
nario A2a and . Winter and autumn seasons may be wetter
in next decades than the current condition and this may
improve agricultural production during the dry months.
Following increase in precipitation streamflow may show
significant long term increase at a rale of about 0.95
MCM/year during 2001-2099 even if the increment hap-
pens in 2020s and 2050s. The continuous rise in tempera-
ture (0.022 °C/year) may cause decrease in streamflow in
2080s. Temperature of the area (both maximum and mini-
mum) is likely to increase significantly under both emis-
sion scenarios.
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g ct . . . . .
; Absfril is the major epicenter on the Etthpla and Egyptian relation since the period of antiquity. It was highly
‘; he il wafethe Egyptian who gave prior attention and becamsa part of their national security agenda even today. To
l Tominﬂted. b‘); ey demand Egyptfans used deft.:ren't strategy rangmg from lopsided agreement with the Sudan as well as
égcuf” meltrh ” anstable situations in the upper riparian states particularly Ethiopia. On the other side Ethiopia faced severe
L :

Exptoitlﬂg i age-old rain fade ?gn'cultgre failed to be subsidized by modern irrigatic_m system by utilizing her own water
e ’ ra long period of t}mfi. This trend was ch'anged after 19205 as Ethiopia embark on utilizing her water re-
Icsources (edice poverty by bul!dmg dams. In many (flrcums{ance Ethiopia’s plea of getting fund faced rejection due to

- {0 pand. This scenario was changed from time to time as Ethiopia mobilized her own resourced to build dams

jns 1on tion in the ultimate utilization of the Nile waters among the riparian countries. Besides to this Ethi-

il nded cooperd R . )
e ing mega dams, including the Great Ethiopian Renaissance Dam (GERD), both to reduce poverty in the

e
1 g;ia is coﬂStZ‘]llC:S to link the neighboring countries, including Egypt, through electricity. The GERD is the track changer
oy & " -Egyptian diplomatic relation is concreted. Since the begging of the project Egypt under Mursi demanded
s far 88 ,E thwff the project unless they will take all option of securing their historic water right. In March 2015, Egypt
g 5eE2 . ¢ to Khartoum to sign the tripartite agreement of Nile between Ethiopia, Egypt and the Sudan. On his way,
et 59 CZ[:a historic speech on the Ethiopian parliament and assure his government will cooperate with Ethiopia over
gis als0 mz:h].s aper attempted to examine the historical and diplomatic relation between Ethiopia and Egypt as well as
Nilil;:ﬁe thrtoum Agreement as whether the fruits of Ethiopia’s diplomatic successes or whether it’s the change in
;‘olaicy of Egypt over Nile?

never a peaceful once. It was highly associated by mili-
[atroduction tary confrontation, mistrust as well as words of war due to
was the gift of Nile,” the Blue Nile is the gift Egypt’s absolut? domin:'mce over the N'ile waters until
fon the Ethiopian highlands that flow down the great recently. Such kmd' of mistrust and suspicion bEtWGC_ﬂ the
s Desert part of Egypt before its final end in the two was changed time to time as Ethiopia dlplomat.lc_al!y
great water body. This made both Ethiopia and Egypt the pushed Egypt focome toa roundtable to solve the crisis in
wper and downstream countries, respectively, that shared @ Sense of African brotherhood.
the Nile waters since the period of antiquity that shaped Obj ective of the study

ad reshaped the relation between Ethiopia and Egypt .
il recently, The history of the relation between the two  In March 2015, Egypt under Sisi came to Khartoum to

countries dated back to the 2800BC when the ancient sign the tripartite agreement of Nile between Ethiopia,
fayptian tired to locate the source of the Blue Nile and its ~ Egypt and the Sudan. On his way, Sisi also made a histor-
tlributaries. Evidences from the tombs of Titatmus IIl men-  ic speech on the Ethiopian parliament and assure his gov-
tioned some places in Ethiopia including Adulis, Tigre —emment will cooperate with Ethiopia over Nile. Thus the
@ others a5 the sources of the river. On the other side the  main objective of the study is to examine the historical
Hsunite king had strong contact with the Judaic world ~ and diplomatic relation between Ethiopia and Egypt as
e the first millennium BC. While the introduction of  well as evaluate the Khartoum Agreement as whether .the
re[;,“‘a“it)’ in the first century further strengthened the  fruits of Ethiopia’s diplomatic successes or whether it’s
3 the Ethiopian Patriarch was appointed from  the change in policy of Egypt over Nile?

Bptungil 195 wh s , .
in{ en Ethiopia appointed her own bishop of the stud
¢ hands of Emperor Haile Sillasse 1. Methodology y

As “Egypt

. i is study I used a comparative analysis method for
§aged relation between Egypt and Ethiopia was It this study P
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evaluating the agreement by comparing this agreement
with the former agreements over the Nile waters.

Nile in the Ethio- Egyptian Relations: A His-
tory

The history of the relation between the two countries dat-
ed back to the 2800BC. Since the early days the Nile feC-
tor reverberated through all aspect of the Ethio- Egyp.tlan
relation is concerned. The Nile flood became the life giver
of ancient Egyptians. Such strong sentiment forced the
Egyptian rulers to think that with the control of the Nile
waters they could safeguard their water security. They
also tried their best to unify the Nile Valley under their
rule. In the twentieth century Egyptian nationalism T€-
volved around the idea of uniting the whole Nile basin as
one hydrological political unit that would be ruled from
Cairo. Rulers like Khedive Ismail expanded south t0 the
interior part of Africa with the aim of eradicating slave

trade but his ultimate plans were to control the source of

Nile. Because of his civilizing mission Britain blessed his
southward expansion. (Bahru; 1991)

In many times Egyptians feared that the waters of Nile
might possibly be blocked or diverted by the upper :ripan;
an states particularly Ethiopia. King Lalibela, in the 11
century, warned the Egyptian that he might block the rive:
if they never stopped the persecution of Copts in Alexan-
dria. (Haggai; 1994)

As a result many Egyptian rulers annexed Sudan and en-
croached the Ethiopian territories in many times. Some of
the Ethio- Egyptian confrontation includes the battles of
Dabargi (1848) with Dejjach Kassa, The future Emperor
Tewodros, and the battles of Gundet (1875) and Gura
(1876) with Emperor Yohannis IV Who effectively de-
feated the Egyptian forces. (Bahru,1991; Zewde 1992)

In the latter part of the century once their military confron-
tation failed, Egyptian also used coloniai and postcolonial
times agreements to secure their water demand over Nile,
In the time many agreements were Sign=d. Of the entire
earliest one was the 1902 Treaty of Addis Abab2 signed
between Emperor Menilek II and British on 15 May 1602
with the objective of demarcating the frontiers between

Ethiopia and the Sudan. In this agreement Article III state
as

His majesty, the Emperor Menilek II engage himself to-
wards the government of His Britannic majesty not to con-
struct or allow to be constructed any works across the
Blue Nile, Lake Tana or Sobat which would arrest the
flow of waters into the Nile, except His Britannic Majes-

ty’s Government and for the government of th
(Shapland, 1997) e
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This agreement never binds Eth“.)t?la from the il
of the Nile. Firstly it was not_ ratified by the two ey
ments. Secondly there was discrepancy on boih e o
haric and the English versmr_m and lastly as-xt S
al agreement with the mt-entxo'n of preventing a totg| ey
page not in the use or diversion of the water by Ethiopis
under normal circumstance.

Four years later, in 19.06 by vielating the Sovereignty of
Ethiopia, the surrounding colonial powers of France Ty
and Britain have signed the 1906 Tripartite Agrcemen; gy,
dividing the country mte their sphere of influence z5 Em.
peror Menilek faced his ﬁrs_t etroke that costs hig life
Rased on the agreement Britain planned to secure
source of the Blue Nile. (Bahru 1991)

Besides to this Egypt also made two controversial agree.
ments with the Sudan. T:hey were the 19_29 and the 195
Agreements. As the British atterept of umting Sudan wjth
Egypt failed, in 192? Sudan motivated by Br_ltain to g
tain good relation with Egypt the two countries signed tp
1929 Agreement. The agreement formally repudiated the
1959 Agreement.

In 1959 an agreement was signed between Sudan apg
Egypt over the appropriation of the Nile waters by exclyg.
ing the other riparian states. The agreement was made oy
the full utilization of the Nile by allocating the lion’s share
(55.5BC) to Egypt and 18.5BCM for the Sudan, Be.
~ause of its exclusiveness Ethiopia downgraded the agree.
ment by sending her communiqué to the signatories,

From international law perspective these agreements were
nevar be applicable over the third parties including Ethio-
sia and other riparian countries but rather it removed a
potential Sudanese threat to Egypt and it will never bind-
ing role over others. In Spite of its shortcomings Egypt
used it as her legal document for securing her water de-
mand.

In the Cold War political climate Egypt constructed and
completed the High Aswan Dam with the help of the
USSR. While Ethiopia got assistance from US to make
Survey on the potentially of the Lake Tana for hydropow:
er generation, The US Based engineering company studied
Lake Tana for power with little cost. (Yacob 2010)

Up until 1990s the relation between Egypt and Ethiopi®
was full of confrontation and mistrust. After decade of
confrontation and mistrust over Nile, Ethiopia and Egyn!
broken the silence and began to talk over Nile.

1
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sident of the Transitional .G'ovem_ment of
5 resident of Egypt republic met in Cairo
i 1'9 " and the ;il ¢ in “the Framework for General Co-
E‘h"fa out the agreement gave more emphasis on the
0 mgon-" This from both countries on the basis of the
e xp?rts of international law. The controversial
ae? rinclplesent is the provision which state that
,uleso he agreili“ do anything with the Nile that would
M7 e woule Harm” to the other. Egyptian perceived
) of the recognition of Ethiopia that no harm
¢ orm erational over Ethiopia. While Ethiopia con-
pﬁncip b Ochaﬂge in the status quo rather open the door
e it n(;on and a win win approach over Nile as Ethi-

he Pr

| fc,rcoopcraln sbsolute right of utilizing her resources for
- g ent including water.

. geopolitical location as well as economic
t both the bargaining power over Nile as

vironmental diplomacy absolutely dominated by
el 5" i| recently. While Ethiopia was busy both in
=" 1 civil war as well as severe drought and famine as
e old rain fed agriculture suffered by shortage of
th: affzm 1960s until 1990s. In many circumstance Egypt
Pively employed the instability of Ethiopia. In those
Zays Egypt also mobilized some of the upper riparian
quies o establish a certain group called Undugu in order
p creale a mechanism of exchange of data on the Nile
bsin lo secure her interest. As the group aimed at secur-
ingthe water security of Egypt Ethiopia was never invited
and was never joined to it.

1992 when Ethiopia was in transition, Egypt once again
mbilized some of the riparian states and formed a com-
nitee for the Promotion of Development and environ-
menel Protection of the Nile Basin (TECCONILE). TEC-
(ONILE planned for coordinating the common interests
Wl basin countries. Due to Egypt’s dominance Ethiopia

"ol active member rather it became an observer state.
Rabic Elmarn, 201 0)

IZ‘JE;‘ I}TECCONILE officially disbanded in 1999 and
e ofe}g‘:/;y ff)r the Nile Basin lqitiatives at Entebbe the
Mo 10pia anfi the upper riparian stated began to
o Especially Ethiopia’s proposal of coopera-

Mon the 1t .
Ishme e ultimate wilization of the river and the estab-

: lhew!onio dregional body on the basin and the refute of

il agreementg made Ethiopia and the other upper

il i)ates ' work together. The provisions of NBI
i : Promote a sustainable and equitable way for
@eff, T\ljtural fecourse in the basin. NBI also ensure
g, Sur:ler Management and optimal use of the re-
:‘sﬂrianmu“tri::?PCrati‘on and joint action between the
ﬁpvefly and prg Or their mutual benefits and to eradicate

a“aﬂstates, moting economic integration among the

My

NBI became the first venue of bringing together all the
Tiparian states and has taken significant steps to implement
many concrete strategies for sustainable development on
the basin. As the balance of power of Egypt over Nile
changed, in many NBI meetings Egypt demanded keeping
the status quo of securing her ‘historic right’ as well as
demanding a veto powers which was hardly accepted by
the member states including Ethiopia rather they proposed

a win win approach and sharing the view of equitable uti-
llzatlon of the resource.

After decade old a series of diplomatic negotiations the
Entebbe declaration endorsed and the Cooperative Frame-
work of Agreement, CFA, was open for a year to be
signed by member states. In March 2010 the CFA was
signed in Entebbe, Uganda, by six member states of Ethio-
pia, Kenya, Tanzania, Rwanda, and Burundi and call oth-
ers to put their signature. Instead of signing both Egypt
and Sudan refused it even Egypt frozen her membership
of the NBI in 2010. As two-third of member state signed
the CFA, it absolutely abrogated the colonial time agree-
ments of Nile and demarided the signatories to ratify it in
their parliaments in a short period of time.

In the meantime the 2011 Arab Spring changed the Mid-
dle East scenario including Egypt. The revolution ended
by the downfall of the longtime president Hosni Mubarak
from Power and the coming of Muslim Brotherhood under
Muhammad Mursi with a landslide democratic election.
The same year the Ethiopian Prime Minister Meles
Zenawi declared the beginning of the Grand Ethiopian
Renaissance Dam Project in the Northwest Part of the
Country in order to produce more than 6000MW hydroe-

lectric power over the Blue Nile near the Sudanese Bor-
der.

The Road to Khartoum

Until recently many Egyptian rulers have strong words as
far as the Nile water is concerned. In 1979 Anwar Sadat
said that “the only matter that could take Egypt to war
again is water” to indicate about the issue of Nile as his
prior agenda. In the same instance Boutros Boutros Ghali,
the Foreign Minister of Egypt, touched the issue of Nile as
“the next war in our region will be ...over Nile, not poli-
tics.” While Hosni Mubarak gave Nile as his top priority
of his administration allocated a huge amount of resources
to his water security policy.

113

Gener ated by CantScanner fromintsig.com

T TR ST =




Even the democratically elected Mursi also made 2 speech
as “we will defend each drop of the Nile with our blood.”
Mursi, on the eve of his downfall, also live-aired that his
country might use all options to secure her water security-
As opposed to this the current Egyptian president Ab-
dulfatah El Sisi’s government accepted the right of devel-
opment of the upper riparian countries including Ethiopia
and committed his government to solve the Nile crisis
politically by putting his signature in the trilateral agree-
ment of Khartoum in March 2015. Now let’s see the long
road that reached to Khartoum between Ethiopia, Sudan
and Egypt to deal for the equitable share of Nile between
the lower and upper riparian states.

The basic factor for the signing of the Khartoum agree-
ment is the constriction of the GERD in Gubba since
March 2011. Even though Ethiopia mobilized her own
resource to realize the project and called the downstream
countries to share the burdens and benefits of the project
as the project planned to produce power and link the pow-
er hunger region through electricity including the poor
Egyptian villages. It also intended to reduce the water lose
in the desert, impact of flood and sedimentation in the
High Aswan Dam as well as to regulate the constant flow
of water throughout the year. -

Ethiopia’s continuous plea of the wide range of the benefit
of the dam fails on deaf ear and Egyptians reacted in dif-
ferently. Initially they demanded the freezing off the pro-
ject unless they would take action. As Ethiopia continued
the construction they also raised issues on the technical
and the quality of the function of the dam as well as they
also demanded the joint administration of the dam. To all
Egyptian worries Ethiopia reacted the continuity of the
construction per its plan and Ethiopia as a sovereign state
has the capacity to construct as well as to administer many
mega projects including GERD.

On the Ethiopian part of diplomatic effort for the interna-
tional community and to make things clear Ethiopia pro-
posed and accepted for the establishment of an interna-
tional panel of Experts to study the pros and cons of the
dam. In the meantime Ethiopia also invited the Egyptian
public diplomats to Addis Ababa and clarified the mutual
benefits of the dam for both countries even though Egypt
was in crisis in 2011.

After the revolution, Ethiopia also continued her diploma-
cy with the newly elected government. After a series of
diplomatic maneuverings, Ethiopia’s proposals were ac-
cepted by Egypt to discuss at the capital of Khartoum. In
2013 and 2014 three ministerial level meetings were I;eld
between Ethiopia, Sudan and Egypt over the dam. In all
these meetings Ethiopia explicitly justified the basi.n .

benefits of the project to the continent to provide elect =
power with lowest cost for the power hunger African Vl;lc

water 12 (1)

lages including Egypt and the Sudan. In the middle of the
session Sudan supported the project while Egypt refused

to come t0 agreement.

After taking power the Sisi govement _Tevise 4 B

osition and ready t0 meet v\(lth Prime Ml?ster Haile Ma.
riam Desalegn- On the side line of the 23 African Union
summit of Equatoﬂal Guinea, Malabo, the two head of
states met for the first time face to face and assured to take
political action over Nile and proposed to meet in Khar-

toum in March 201 5.

On 25 March 2015 the two leaders flew to the capital of
the Sudan, Khartoum and agree to solve the issue politi-
cally and approved by putting their signature in the sense
of African protherhood. On the next day, President Ab.
Julfatah El Sisi has made a historic speech in front of the
Ethiopian parliament. In his speech the president con
firmed that his government is fully committed to work
together in the sense of African brotherhood.

Discussion on the 2015 Khartoum Agree
ment: is Ethiopia’s diplomatic success or
Egypt’s change in Policy over Nile?

Initially Ethiopia became an observer on the NBI while
Egypt became an active participant. After ten years of
negotiation the status of the two changed as Ethiopia suc-
cessfully mobilized the upper riparian states Egypt freezed
off her membership in 2010 after the NBI members arrive
at Entebbe to sign in the CFA. On the first day six mem-
ber states of Ethiopia Kenya, Rwanda, Tanzania, Burundi
and Uganda put their signature on the CFA while Egypt
and the Sudan rejected as the provision allowing the relo-
cation of the Nile water quota and the disregard of the
1959 Agreement.

On the other side Ethiopia’s voice got hearing ears in
many regional and international issues. Since 2006 Ethio-
pia under the late Prime Minster Meles Zenawi became
Africa’s chief negotiator. In many GB8 meetings Affic
was represented by him. Particularly in 2009 the UN org¥
nized the impact of climate change summit of COP15 a
Copenhagen, Denmark, Ethiopia defended that climat
change affected Africa and requested compensation f0f
damage while Africa is suffering from it. In the summ!
Ethiopia’s proposal of the use of renewable energy and the
carbon trade to reduce poverty in Africa have have an
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This is one of the big diplomatic
acceptgnce-at attract the eyes of some finan-
a et SOme small dam projects.

Jocess was the coming of the cur-
I gplom?! tina round table after a l_ong and
3 c[tian preslde_ offort on the side of Ethiopia. In
"Lee? gglom 2014 by which both Addis Ab-

eclara“g (o define their relation in the ulti-

8 cair0 28 (ne Nile by developing m_utual trust.and
jon of sh a tripartite technical committee

tion :
abli :
to e:matio“al consulting firm to study the

in

b sfl?d i;entﬂlv hydraulic and economic effects on
; ?ﬂﬂ\s am countries: .

s of Ethiopia’s diplomatic effort bore a
e syccet Khartoum O 25 March 2015 when the
i u;tfﬂs tes reached a consensus over GERD. The
e ea§ ;that he declaration pru.wlples would pave the
ok Sginher diplomatic cooperation on the GERD.

o ) ..
o ety beginn'mg Ethiopia’s position was not caus-
L eteV
§iee

" - ant harm over Nile rather to exploit the re-
m%”gmﬁ; ce poverty in the country in a sense of Afri-
- [eh::od said the Ethiopian primer. While Ethiopi-
cm.brog‘ie: Jlso supported by Egyptian president as “You
mlstﬂd“ ¢lop and grow and I am with you.” He further
i di;m « we could have lived for years in dispute and
;::fb( wt we have opted for cooperation and trust” to
jifed his position as his government was on the wake
yinging policy over Nile and turned his eyes to Afri-
wbotherhood instead of pan Arabism policy of Egypt.
Tisageement to avoid conflict and to establish mutual
nst and cooperation among the three countries over the
Ml waters was positively recognized by many interna-
tmd communities including the US.

| e preamble of the agreement it gives priority for re-
| Wunber than binding over Nile. The provisions of the
| E:‘pl“ clearly accepted by the signatories as it give a
| h&sinr?i? of b@neﬁts to.them by avoiding conflict in t..he
Ly ge't ele:;icg'wes propriety to the downstream countries
ms“‘”mech‘aty' with low cost genera%ed from the dam;
i compe msm for resolving conflicts as well as pro-

Psation for the damage. In either case they

% 10 9] :
Y, Ve any mistrust by referring to the head of

P ol WP SEW Y o

it
€

Cunclusio“

Afg o
by i:glﬁim{llat,c effort Egypt under Sisi became the
Nl do(i lf(s)ra? long rigid policy over Nile and
ity Ning gy 1Scussion with the upper riparian
"CR0tiati, ¢ Khartoum Agreement Egypt also

! With NBI and now reconsidering the

Np 1.: 18]
ghlsmric e?:came the first Egyptian president in
on the Ethiopian parliament. This
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in ¢

114 My,

)y

eneratea py Lanbcanner TromriIntsi g. com

fmply that Egypt under Sis; is changing its policy regard-
ing GERD, toning down it thetoric on international level
and heading toward dialogue and reconciliation due to
Ethiopia’s strong diplomatic efforts in the last two dec-
ades. The key for this success is Ethiopia’s clear foreign
POllcy‘ towards the surrounding states of cooperation over
the N_ll‘? as well as the alarming increment of Ethiopia’s
'Qarga1n1ng power in both regional and international poli-
tlcs as well as her own double digit economic growth
facilitated the mobilization of her own resources for the
construction of Mega projects. To the end the century old
Egyptian dominance over Nile was overtaken by less than
two decades Ethiopian diplomacy. Thus it can be conclude
that the 2015 Khartoum Agreement over Nile is one of the
fruits of Ethiopian diplomats in bringing Egypt to a
roundtable as well as the effectiveness’s of Ethiopian for-
eign policy in the last two decades. As heavy machineries
and many thousands of workers working day and night in
the Guba, the dam is now became a reality. Thus the

downstream countries have no other choice but to cooper-
ate to share the fruits out of it.
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ment of Drinking Water Quality in Mercato, Addis Ababa
‘ By selamawit Mulugeta
Email: - Smulugetal01@gmail.com
Cellphone: - +251-912-65-61-93

gter 1 released from treatment plant for C(.msurnpfion purpose it does not embrace anything harmful and objec-
it “to humat pealth, But due to the complmf interaction of the distribution system with the environment quality of
bt Jeteriorate- This study was conducted in Mercato, Addis Ababa which is the largest market place in the coun-
ler 0 ¢ study area is very slum, crowded and serves as center for commercial activity the residents are forced to lead

ﬂ"S:;cyeto day life activity in a small place.
e

viols year's water quality gssgssment at different place within the distribution system was not the basic concern
i water sectors- The core objective of this research was contributing data for preparation of drinking water quality
" manym database for Addis city sub-city especially for Wereda 1 and Wereda 8. This objective was achieved through
1\ g water handling pra_ctice and Saﬂitaf)" condition (with the help of questionaries’ and observation), assessing
3 Jledges titude and pratftlce of the cor'nmun}ty towards water quality at their tap (with the help of questionaries’), and
' hfo g the status of drinking water quality (with laboratory analysis) and analysis of its health impacts. After collecting
ﬁﬁmcessafy 4ata concerning each study parameters and environmental conditions from checklist, laboratory and observa-
cummarized by Microsoft Excel and analyses of variance (ANOVA) at 95% confidence level were used

fimn results were _ : !
gnificance differences by using JMP program version5.

deiermine the si
t together on the following conclusion. In the study area most of the people does not

Al the result from the study pu ‘
e deriomtion in quality of drinking water at their tap. This indicates that the level of knowledge on watcr quali-

j dteroration has been significantly low. Those drinking water pipes having leakage problem caused potential haz-
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ch result cross contamination with the surrounding seem to contribute
ination of water in the distribution systems.

Keywords: - Tap Water quality, Distribution system, Waterborne disease, Mercato,

crucial.

In the study area, inappropriate liquid and solid waste
management are the major problems and this greatly
destructed the image of the area. As a result, if there
is a possibility to join leaky pipes, this may contribute
to deterioration of water quality in the distribution
network.

So this research was done to check and relate the
quality status of water from treatment plant, to con-

sumer tap.
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OBJECTIVE OF THE STUDY
GENERAL OBJECTIVE

The general objective of this study was to contribute
data for preparation of drinking water quality assess-
ment database for Addis city sub-city especially for
Wereda 1 and Wereda 8.

SPECIFIC OBJECTIVES

¢ To assess water handling practice and sanitary
condition;

¢ To asses, knowledge, attitude and practice of the
community towards water quality at their tap

¢ To assess the status of drinking water quality and
its health impacts,

CHAPTER TWO
MATERIALS AND METHODS

DESCRIPTION OF THE STUDY AREA

Addis Ababa, the capital city of Ethiopia has ten sub-
cities. Addis city sub-city is one of them which con-
sist of 10 Weredas. Among this the study focuses only
on two Weredas, Wereda 1 & Wereda 8, which em-

braces a total of 9,434 residential units according to
CSA, 2010.

MATERIALS

SOURCE OF DATA
Primary and Secondary data
EQUIPMENTS USED

Quantitative spectrophotometer, comparator or color-
imeter and pH meter, Sampling bottle, taste tubes,
Diurnal tubes, Knife/spoon, Distiled water, Incuaba-
tion machine, Sterilization machine, Referagarator,
Spectrometer, and Pipet.

METHODS
DATA COLLECTION
DATA COLLECTION TECHNIQUES

Literatures from published and unpublished sources,
questionnaire, informal discussion, and visual inspec-
tion were the major data collection techniques.

SAMPLE SIZE DETERMINATION FOR

ASSESSMENT OF KAP

Total number of residence in the two Wereda’s was
9434; from this total population sample was deter-

water 12 (1)

mined by using the following statistical formula
(CochranWG, 1977)-

n (i) = N*Z*P*Q n (i)
....sample household
WH(N-1) +Z*P*Q N...total

number of house hold

Poveeiiieeenn propoftion (50%)
§ JE— 1-P

A 95%confidence interval  (1.96)
W it 5%

Using this total of 370 household was selected to fill
the questionnaires.

SAMPLE SELECTION FOR WATER
QUALITY ANALYSIS

As the basic assumption that Water quality may not
vary at a nearby distance (WHO, 2001) 5% of total
sample was taken as a representative sample (19 ta;')).
Additionally water sample from the nearby reservoirs
represented by sampling code of R, and R, were tak-
en. So total of 21 sampling points were selected then
laboratory analysis was done in triplicates.

SAMPLE HANDLING AND REAGENTS
USED

REAGENTS USED

Lactose broth, BGB(Brilliant green bile), Nitrate and ni-

trite reagent, Nessler and DPD(Diethyl-Phenylene-
Diamine)

SAMPLING TIME,
TRANSPORTATION

STORAGE AND

comparator and sampling kit were used. The collect-
ed samples were made to reach to laboratory within

less than 8 hours. Residual chlorine were analysed at
time of sampling,

STATISTICAL DATA ANALYSIS

All results were summarized by Microsoft Excel and
analyses of variance (ANOVA) at 95% confidence
level were done by using JMP program versionS.
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Like the Solid waste Liquid waste in the study arca
were nol managed properly. From the checklist result

about 48% has no liquid waste drainage system this
result bad smell on the area.

Fig 3.2 drainage and pipe lines crammed by stones
and other solid wastcs

CONSUMERS KNOWLEDGE,
ATTITUDE AND PRACTICE
REGARDING TO WATER QUALITY

Most of the people (71.6%) do not expect that their
tap waler would be contaminated. This was due to
their inadequate knowledge on water quality deterio-
ration.

PHYSICO-CHEMICAL WATER
QUALITY ANALYSIS OF WATER
SOURCE, RESERVOIR AND TAP
WATER

The result of this study on water quality at Water
source, Reservoir and Consumers tap for all selected
parameters is presented under:-

4 A

c
=]
E=}
=
8-
S mmel B8 g3
E R.d Ammon Nitr

B TreatmentPlant 0|7 (

B Reservoir 0.466666667 7.167 (

) uTAP 0.102431579 7.04386 0.477 0.602 5.49
Fig 33

Graphical representation of parameters at Treatment plant, Reservoir and Consumer tap

BACTERIOLOGICAL WATER QUALITY

AT SOURCE, RESERVOIR AND TAP

Due to the well efficient disinfection process and
proper management of treatment plant treated water
from Geffersa water treatment plant were wholesome.
Bacteriological water quality analyses results prove
that water at source were free from both TC and FC.
And as that of water treatment plant water from reser-
voir were wholesome. The value of TC and FC in
both reservoirs R, and R, were found within WHO
(2001) guideline and ES (1998). But 70% household
water samples from tap in Wereda 1 and 67% water

water 12 (1)

samples in Wereda 8 indicate presence of total coli-
form. And on average of 42% of tap water sample
shows existence of thermo-tolerant (fecal) coliform.

HEALTH IMPACT ASSESSMENT

The significant of impact for all tested parameters was
greater than 9 so all the parameters are highly significant
for the entire environment. In addition taking this as input
the overall health impact was categorized under severe

impact.

Gener ated by CantScanner fromintsig.com

120




-

.

h

T S W

(Y

CHAPTER FOUR

CONCLUSION AND RECOMMENDATION

CONCLUSION

in the study area mqsl of lhc? p?op!e does not expect
deterioration in quality of drinking water at their tap.
But Water at consumers tap was grossly contaminated
with Nitrate and Ammonia than water tested from
Treatment plant and Reservoir this result an increase
in Turbidity which reduces performance of disinfec-
tion process. That way why bacterial indicator was
seen as water moves from treatment plant 1o tap. Con-
sequently the result from health impact assessment of
drinking water on the study area shows that usage of
this water for consumption purpose has a severe im-
pact on the community’s health.

RECOMMENDATIONS

Regular inspection of sanitary and hygienic aspects
and strict control and appropriate management of the
distribution system for prevention of contamination
must be done.

Solid and liquid wastes must be managed properly
and frequency of waste removal must be increased
and private involvement must be appreciated.

Public Awareness and Involvement must be prac-
ticed

The present work is limited to few physico-chemical
parameters and sampling frequency. Therefore, year
round sampling and analysis of additional parameters
of water quality must be undertaken.
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Introduction

n residence time or transit time is the average
time water spends in the subsurface system before it
reaches a specific point along its flow path such as at the
catchment outlet (McGuire et al., 2002). The mean resi-
dence time is a fundamental catchment descriptor that
nformation about storage, flow pathways an
source of water in a single characteristic (McGuire, and
McDonnell, 2006). Furthermore, it enable to gain a better
understanding of flow path heterogeneities (Dunn et al,
2007), and to get insights into the internal processes of
hydrological systems (Wissmeier and Uhienbrook, 2007,
Hrachowitz et al., 2011). The determination of the mean
residence time has much practical significance for water
resources management by indicating the age of wafer
stored in the subsurface system Uhlenbrook et al. (2002),
inform how catchment retain and release water and solutes
that in turn set biogeochemical conditions and affect con-
persistence (McDonnel et al, 2010).

The mea

reveals i

tamination release or

Thus, in recent years the use of isotope tracer techniques

to understand mean residence times (MRTs) and residence
time distributions (RTDs) have received considerable in-
terest (Rodgers et al., 2005; McGuire and McDonnell,
2006; Hrachowitz, 2009). However, the use of stable envi-
ronmental isotopes for water resource management has
limited application in Africa. Few studies use stable iso-
topes for identifying runoff components in Africa. For
instance in Ethiopia Tekleab et al. (2014) used stable iso-
topes to characterize their temporal and spatial variation
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Chemoga meso-scale catchment, Abaympper

and for identifying runoff components on a seasonal time
scale in the headwater catchmfints of the Abay/Upper Blye
Nile basin. Kebede and Tri.Wl (2Q12) analyzing the com.
position of meteoric water in Ethiopia using environmen-
tal isotopes Munyaneza et al. (2012) applied stable iso-
topes and chemical tracers (0 separate the runoff hydro-
graph into {hree components in the Migna catchment Ry-
wanda. Mul et al. (2008) used stable isotopes and chemi-

cal tracers for hydrograph separation in the Makanya

catchment Tanzania.

sefulness of stable isotopes for mean

Nevertheless, the U
largely unexplored rescarch in

residence time estimation is
Africa. The objective of the present study is to estimate
the mean residence time in the Chemoga meso-scale agri-

culturally dominated catchment, in the Abay/Upper Blue

Nile basin.

Material and Methods

Study area:

The study was performed in the Chemoga headwaler
catchment Abay/Upper Blue Nile basin (358 km"), located
in the North Ethiopia. !t is a mountainous catchment with
elevation ranging from 3999 to 2400 m a.m.s.l (see figure
2.1). The climate in this catchment has a distinct seasonal-

ity with three seasons:
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j) Summer as the main rainy season from June 1o Septem-
per, (i) winter as the dry season from October 1o Febru-
ary, and (ii) spring as the short rainy season from March
o May (NMSA, 1996).‘ The long term average annual
temperature over the period of 1973-2008 at Debre Mar-
kos weather station is about 16.3°C. The meap precipita-
tion ranges between 1342-1434 mm 5! (1973-2010) in the
lower and upper part of the catchment that ge

nerates annu-
al streamflow of about 588 mm a°!.

2.2 Data:

Streamflow data set is based on manual
urements (daily at 06:00 a.m. and 06:00

gauging station from 200900700
Based on the

water level meas-
p.m.) at Chemoga

to 2011008031,
stage discharge relationships rating curve

RTREY

Nts0E
A

=

were developed using regression model, Networks of four
manval rain gauges and precipitation sampling locations
for the isotope analysis at (Debre Markos, Enerata, Rob
Gebeya, and Fana Choke) have been established in July
2009. Consequently, daily precipitation data were collect-
€d from these stations over the same period as the stream
flows. Similarly, the mean daily minimum and maximum
temperature data at Debre Markos station were obtained
from the Ethiopian National Meteorological Agency.

The catchment average precipitation amount, catchment
mean annual temperature, potential evaporation, and iso-
topic composition of precipitation were computed using
the Thiessen polygon method.

Irsas0E
e

10°35°16°N 4

19" 20N 4

167187 50° N

Tarntcay
a

FlO'lS'IO'N

F10%270°N
=d
&  Precstasan wawgirg asd fwyrg wates
=z wress
:] Cremsgn bosatary
DEM
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B Yy el
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F10°18'59°N

e
Kiometers

02255 8 135 1g
3TIEIOE I es0E

Figure 2.1: Location map of the study area: in the inset Eth
ment within the Abay/Upper Blue Nile basin.

Table 2.1 Description of isotope sam
2008-Aug. 2011).

1 8as0og

iopian map, the red dot indicate the location of Chemoga catch-

ple locations and total number of samples taken during the investigation period (Aug,

Sample type Locationname  Abbreviation  Elevation (m Number of Investigation period
_as) sammples
Precipitation Debrs Markos ~ P-DM 2515 38 Aug. 2008- Aug 2011
Precipitation Enerata PEN 117 21 July 2009- Aug. 2011
Precipitation Rob Gebeya P-RG 2962 33 Oct. 2008-Aug. 2011
_Precipitation Fana Choke P-FC 3993 41 July 2009-Aug 2011
123
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Field measurements and sampling

To characterize the spatial and temporal variability a;gzt;
ble isotope composition in precipitation and stre e us,t
field investigations have been undertaken, fIf)m lagstic
2008 until August 2011. At four different lC.)CBYlOl'lS, f o
funnels were used to collect the precipitation 'sar{lp eSThe
the analysis of isotopic signature in Qrecupntatson.
samples were collected on bi-weekly basis.

The rainfall sample collectors have a capacity of 10:{‘?;;
fitted with vertical funnel with a mesh on top to avol o
and a long plastic tube to minimize evaporation ol'lt (l') ”
collection device according to IAEA (2009) technica l::'as
cedure for sampling. During sampling, -the W?terl -
filled into 2 ml glass bottles and closed immediately

avoid fractionation due to evaporation.

Laboratory analysis

All water samples were analyzed at UNESCO.-IHE (Delft,
The Netherlands) using a LGR liquid-water 1sqtope ana-
lyzer during 2010 - Oct. 2011. The stable isotopic (‘:ompo-
sition of oxygen-18 and deuterium are reported using the
$0notation, defined according to the Vienna S}andard
Mean Ocean Water (VSMOW) with 3"°0 and &°H. The
accuracy of the LGR liquid-water isotope analyzer meas-
urements was 0.2%o for 8'°0 and 0.6%o for 8°H, respec-
tively.

Methods:

To determine the mean transit time of water, the temporal
variation of the measured tracer input concentration iLe.
precipitation, is used to calculate the tracer output concen-
tration of streamflows at the outlet (i.c. which, in turn, 1s

compared with the concentrations measured in the output

from the system). The relationship between input and out-
put concentrations is described by the well known convo-
lution integral (see equation 2.1). For this study
"FLOWPC" described in detail in Maloszewski & Zuber
(1996) is applied. The selection of the model depends on
the hydrogeological conditions in the groundwater system
under consideration. The dispersion, piston flow, expo-
nential, and exponential-Piston flow models are available.
For the present study only the exponential and piston-flow
models are used with the assumption that in most cases the
streamflow is generated from the shallow groundwater.

A detailed description of the model applicability can be
seen in more detail in Maloszewski & Zuber (1996).

—_ t 4 r
§(8)= [, 8, (tDg(t—t)dt
Eq, 2.1
Wh'ere, d(t) is the output '*0 signature, t' is an integration
variable that describes the entry time to the system, t is the
calendar time, di is the input "* O signature to the system
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; and g(t-t") is the reside . _
(i.e- input function), &( o dence time g,
£ r system responsc lunction, which ig the

R . .
g]n‘ti:tz’::)bability distribution for tracer molecules :}:
1

system. |

The mathematical represe'ntan(.)ns of ﬁ}e Piston-flgs, N
Exponential models are given in equation 2.2 anq 7 5 iy
spectively-

i Eq.22)
g(t) = | /t*exp(-t) S

Where the main model parameter (t) is the mean e,
time of the system (MRT)

The model performance is evaluated using the Nash.
Sutcliffe efficiency measures (see equation 2.4) g de.
scribed by Nash-Sutcliffe (1970). The value ranges from
minus infinity to 1, where higher ‘val.ues indicate better
agreement. A negative value of Eys indicates that the

observed mean is a better predictor than the moq.
el simulation.

Eq.(2.4)
Where, Ssmis the simulated output signature of stream-

60!7 /

o i s observed output streamflow signature

O obs,i is the mean of observed output streamfloy,
signature, and n is the obseravtion.

Results and Discussions

Characterization of isotope signal

The results of the precipitation isotopic composition de-
pict both temporal and spatial pattern during the analysis
period (see fig.3.1). Moreover, more depleted or more
negative values are seen in the higher altitude (at Fana
Choke 3393 m a.s.]) and more positive values are ob-
served in the lower altitude.

The seasonal variation of the precipitation isotope compo-
sition shows distinct seasonality (see figure 3.2). During
summer the values exhibit more negative and during

spring and winter the values showed positive isotopic
composition.
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The results of the mean residence time based on these two
lumped model are in agreement with the estimation of the
mean residence time of water based on the periodic
regression analysis to fit the seasonal sine wave models in
the same catchment (Tekleab et., al 2014). In their study
using sine wae regression approach the mean residence
times was estimated as 4.1 months. Thus the mean

residence times varies between 3- 4.1 months.

This suggests the roubustness of the methods in estimating
approximately similar mean residence times. However, it
is not always the case that agriculturally dominated
catchments would have short mean residence times the
results cannot generalized to be the same in different
regions. As demonstrated by McGlynn ei al. (2003), the
mean residence time in a catchment varies depending on
topography, soil types, land cover, and geologic
properties. Consequently, irrespective of the ¢z

atchment

size the mean residence times might have short or long

mean residence time. Hence, care has to be taken in
estimating the mean residence time and travel time

distribution by assuming time in variant climate inputs.

Conclusions

The present paper explores the use of stable environmental
isotope data for the estimation of mean residence time in
the Chemoga meso-scale catchment, Abay/Upper Blue
Nile basin. The lumped parameter wodels are used (o esti-
inate the men residence times, The results of the analysis
exhibii shoit mean residence tiines cstimated by both

Wakes 12 (1)
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Abstract:

. low f the Upper B]uC Ni

i i ess the impacts of climate change on flows and \vlater resou‘rces 0 Upy e
’Il;l}'lje?l:slich’ tt}illi SS:)]illen‘:i)SVe:?c: j:ssessment I')1"001 (SWAT). The SWAT mod.el W?S;:::sz?fdg‘;;?rg S::?Zg;?;ﬂig gménuai
and autom:tic calibration techniques in monthly time scale at three gaugln_gl, SI\?SE valu.e's et 0,88 e 01der.).
The evaluation the SWAT model for calibration periods was very gqod; \jﬂ“ ST re(iuc;:d ‘d':rir \m.rd ?t Bahi
Dar, Kessie and Border, respectively. However, the prediction capjamty of the recilcel Consid;rin‘g u;l’- ation pe.
riod, with NSE values of 0.53, 0.65 and 0.77 at Bahir Dar, Kessie and Border,]r}specd | }n- e fg %r‘anluca.l and
statistical performance criteria, The SWAT model performed well: Then, the SV\.A. !l‘ﬂoTle Cs‘::;/A; u udplor, mun? climage
change scenario investigation. To investigate the climate change lmpz?cts steps are; (1) _"ﬁ e mOﬂ:r \.\‘35 built up fy;
Upper Blue Nile Basin, (2) The SWAT model was calibrated and validated for the pr%rru 50 1- L;fen l}:\,cus‘ ﬁlfﬂs to 1935
and ten years 1986 to 1995, respectively. (3) Finally, The SWAT model was used to simulate the baseline perjods apg fu-

) . Faini ot AT raneR
ture climate change scenarios. The impacts of future climate change on water yield, precipitation, e apclranspiration gng
potential evapotranspiration were then investigated using one GCM time series under RCP 4.5 and RCP 8.5 scenaries for

the two future periods 2050’s (2035-2065) and 2080’s (2065-2095). The comparisons were done between
ods (1970 ~2000) and the two future window periods. The results reveals that (a) the ann““‘. p

the Upper Blue Nile River Basin will likely increase for the two scenarios and the 'two pericds (?a) correspa
crease in precipitation, the water yield in most part of the basin will likely increese in both scenarios
periods except the water yield under RCP 4.5 for the periods of 2050°s is projected (o decrease. (¢) The annual eva
spiration will probably increase in all scenarios. (d) The average stream flows at the outlet of (he bas
ence a significant increase under the two scenarios for the periods of 2050s and 2080’s. It is predi
trend higher during the periods of 2080°s as compared to 2050’s. Generally, consid
the Upper Blue Nile Basin water resources will probably improve. Nevertl

impacts, the model need to be calibrated on daily scale and
a wide range of prediction.

using several GCM (ime series with different scenarios to |

baseline peri.
Lal precipitation in most part of
onding to i,
for tha two window
potran-
in will likely CXperi-
cted that the increase
ering the continuous change of climate,
teless, to have a better understanding of future

1ave

Keywords: Climate change, Impacts, SWAT model, Blue Nile

Introduction

Nowadays climate change impacts 2ssociated with global
warming as a result of an increase in greenhouse gases
(GHG) has been a big issue that has given attention world-
wide. There are a number of studies that show the impact
of climate change on the Nile River flow (Taye et al.,
2011; Yates and Strzepek, 1998: Beyene et al, 2010; Kim

and Kaluarachchi, 2009; Koch and Cherie, 2013; Mengis-

water 12 (1)

tuand Sorteberg, 2012).
The Nile River basin water resources have alrcady been
under massive pressure due to various competitive uses as
well as social, political and legislative situations. Further-
more, previous studies reveals that many parts of the Nile
basin are sensitive to climatic variations (Conway and
Hulme, 1996;
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Description of Soil
Tool (SWAT)

The Soil and Water Assessment Tool or its acronym
SWAT, 111s a river basin or watershed scale model, It is
physical-based, semi-distributed, continuous time (not
designed to simulate detailed single flood event) hydro-
logic simulator for river basins or watersheds. SWAT
operates on a daily or sub-daily time base, at river basin
scale. In SWAT, a basin is divided into multiple sub-
basins, which are then further subdivided into hydrologic
response units (HRUs) that consist of homogeneous land
use, management, topographical, and soil characteristics.
The water balance in SWAT is the driving force behind
flow components in the watershed. Simulation of the hy-

drology of a watershed can be separated into two major
divisions.

and Water Assessment

Figure 4.1 The schematic representation of hydrological
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Performance evaluation of calibration and
validation results

The Hydrological SWAT model calibration and validation
was evaluated through multi-objective criteria’s at ea‘ch
station in the basin. The performance indicators used 1n-
cludes annual water balance, statistical indices, and graph-
ical goodness-of-fit as discussed in the following sections.

Statistical indices of model evaluation

The goodness-of-fit and the degree to which the cali-
brated and validated model accounts for uncertainty
are evaluated using Nash-Sutcliffe Efficiency (NSE), co-
efficient of determination (R?) and percentage bias
(PBIAS). The statistical evaluations of the model for all
stations are stated in the Table 5.5.

Table 5.5 Monthly Statistical Evaluation of SWAT-model

performance for calibration- and validation period at three
stations.

Graphical Evaluation

" Am W
2

g %0
gsow :5.
%ww '§ 3000
2 A 100
3mw o

En E 1000
gmoo | % g
< .

e

Station Calibration Period Validstion Peried

Name T NoE TBIS TOR|W W PBLE RK
(%) (%) i

BahmDar 082 082 36 043103 033 74 059

Kessie 08 (05885 09 0351065 065 -36 059

Border 083 081 53 043 | 077 076 04 049

The graphical techniques provide a visual comparison

goodness- of- fit between observed aid simutated hydro-
graph used to judge the quality of the model with respect
hydrograph shape, low flow and peak flows. The graphical
comparison plots on a monthly scale of calibration and
validation period of the tested measurement at border sta-
tions is illustrated in Figure 5.9.

Figure 5.9 Time series of observed and simulated monthly
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strecam flow with 95 % prediction uncertainty (35PPU)
during the caiibrarion (ieft) and validation (right) period at
Border station
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Figure 5.10 Seasonal variation simulated VeSUS abseryeg
river flow during calibration period (.lcft) and valj dation
period (right) at three respective statiops,

Hydrological water balance

Water balance is the main driving 'force behind flow com.
ponents in the watershed. It comprises of different compy.
nent of input, output and change in storage. So studyin

and checking the global water balance helps to Compare
the output of a model to input on annual scale and tg
derstand the magnitude of order of various h)’dmlOgical
processes in the basin. Table 5.7 summarized the anpy,
details of various hydrological processes at basin scale fyy
the total time period (1975-1993), the calibration perj
(1975 -1989) and the validation period (1990-1995),

Table 5.7 Upper Blue Nile river basin global annual wage;

balance components for total time series periods,

Totzl Time  Calibratio  Validatigg

series n Period Period

(romfyear)  {mmfvear) (w
Precipitation 1346 1361 1329
éurﬁace Rumoff m 243 -
Lateral Scil Q 20 21 20
Ground  Water 91 90 07
(SHALAQ) Q
REVAP

A
GHALAQ - .o 7 7
SOIL/PLANTS
)
s O S 19 18
Recharge
X A
3—10% Agtes § 190 186
Recharge
Totz]  Water e o
S b 0 F's 331

YLD
fc‘ftﬂ}af@ ) 197 199 184
OUT CF S0IL
ET 804 996 901
TET 165] 1660 1642
calibration and validasion periods af the basis Jevel
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Figure 5.17 Relative changes of average monthly stream
flow near Sudan Border in the periods 2050’s (2035 to
2065) and 2080’s (2065 to 2095)

The average changes of climate variables at
subbasins level '

The percentage difference is calculated based on the aver-
age of data periods 2035 -2065 and 2065 -2085 from-the
average of baseline period 1970 — 2000. This provides
general pictures of climate change impacts on water bal-
ance components at sub-basins level.

REP 8.9 (20673
DR Wale Yadd 0\
| B-RY

Lias by CAIn.az

Figure 5.24 Relative changes in average water yield at
Subbasin Level for 2050’s periods (A and B) and for the
period 2080’s (C and D) at subbasin level, where A and C
represents RCP 4.5 and B and D represent RCP 8.5.

As shown in the Figure 5.24, there will be higher spatial
variability of climate change impacts on the water yield

water 12 (1)

within the basin. It is observed that water yield will Proba.
bly increase eastern pm:c, of Hie: basins, However, north
western parts of the basin shows decreasing treng, is
observed that the water yxeld'm the basin will be Very sen.
sitive compared to hy_dmlog‘cal comgonents, the percep,.
age change in water yield ranges -75 % to + 200 ¢ 4 sub.

basin level.
Conclusion and Recommendations

To make sure the SWAT model is. a good representatigy,
of the basin, The model was calibrated and validateg
using combination of rpanual and automatnc_calibration
techniques in monthl)_/ time scale at three gauging Stationg
(i.e. Bahir Dar, Kessie apd Bor_der). The evaluation the
SWAT model for calibration periods was very 2ood; with
NSE value of 0.82, 0.88 and 0.81 at Bahir Dar, Kessje and -
Border, respectively. The annual water yield simulateg
and measured flows are compared at each of al| three
gauging stations during the cahb'rated :'md validated peri-
od. The model results for all stations gives good much o
.annual water yield between simulated and measureq with
less than 10% discrepancy. Overall performance evaly,.
tion suggests that the model can be used for Climate sce-
nario investigation.

The climate change impacts scenarios were implementeq
to calibrated and validated SWAT model using one GCMs
time series is known as BCC-CSML.1m and under twq
scenarios RCP 4.5 and RCP 8.5. The SWAT mode| forced
to simulate the future time series (precipitation, maximym
and minimum temperature) of BCC-CSM1.1m for the twq
scenarios during the periods of 2050’s (2035 to 2065) ang
2080’s (2065 to 2095). The analysis of climate change
impacts has been done looking at the magnitude of rejs.
tive change in climate variables during periods of 2050’
(2035 to 2065) and 2080’s (2065 to 2095) from the base-
line periods (1970 to 2000) at basin and subbasins leve|.

The analysis of climate change impacts can be summa-
rized into following points;

Future predictions indicate that the annual precipitation
will likely tend (o increase in most part of the basin for the
two simulation periods. However, using RCP 4.5, the

precipitation is predicted to decrease in the periods (2039
to 2065)

The annual water yield will probably increase in the basin
during two periods of simulations correspond to the in-
crease in annual precipitation. However, Using RCP 4.5,

the water yield will likely to decrease in the periods (2035
to 2065).

132

Gener ated by CantScanner fromintsig.com



e

. ation will tend to in-

that the water resources of the
robably improve in the future
ipitation and maximum and
ne GCM time series. This
t on the water availability
hange for water manage-

ing ©
afllre .l

per e seful insigh

ron i of climate C

" il F apal
[111 co 16 1l‘ﬂp akers'

1o look at the trends of climate

i empte}? srology and the water resources of
g one GCM time series and
ove further the study, the

erformed well for predicting
her calibration of the SWAT

s iS recommended.

Tm
fo]l‘: , the jﬂ“{";ows, -
0 © w
Ll:;n‘"’y ;t; gaily U4 °

of U5

i have a
10 GCMS m

f climate change impacts

ide range ol. &1% _
ies and different sce-

odel time Ser

H weather datasets should have to be

two stations.

o 0
Ev‘ﬂluat{oﬂ more than
d to collect of sufficient hydro-

Jon 10 commende
 tighly E ata for the study.
y supported by evi-

it
o
ele? - erestin that the stud ed
j ool ioecoDOmiC change such as %he rapid increase
g ay have negative

¢ a:ioﬂ in Ethiopia ™
r availability of the study area.

ver and others soil
In order to have a wider range
scenarios, further studies are
Jimate chang¢ impacts under

the wate

y considered the land use/co

fers are unchgnged,
5[ climate change 1r‘npacftsC
suggested on analysts 0
anging i Jand use/cover-

Acknowledgements:
this paper would like to thank the

4ing author of :
T 18 taire Raad (VLIR), Belgium for

Viamse Interuniversi ‘
o carry out this research.

poviding MSe scholarship

References

Abbaspour, K.C., 2009. SWAT-CUP2. SWAT Calibration

Urcertain. Programs Version 2.

i, M., Ghasemi, S.S., Yang, H.,

Abbaspour, K.C., Faramarz
ange on water

19, Assessing the impact of climate ch
rsouces in Iran, Water Resour. Res. 45.
S., 2007.

Mbispour, K.C., Vejdani, M., Haghighat,
grams for

§ By s 5
SxﬁcUP calibration and uncertainty Pro
, i: MODSIM 2007 International Congress o1

Wafer ]2(1)

Modelling ang Sim
Ciety of Australia 5

Amold, J.G
» .G, Kini .
Haney, EB,, Nei[g};,J'SR" Srinivasan, R., Williams, J.R.,

m : L. :
ent Too] Input/output ﬁlé igli.mSml el v
entation, version 2009.

US De :
p- Agl'lc ‘A :
Lab. Temp] ~ARIIC. Res. Serv. Grass]. Soi
Res. TcmSg:—;-r;(( Blackland Res. Exi. (?e.ntS (zll} Water 'R_es.
Tex. Water Resour. Inst 'l:ec;xi{Agr]Llre
S . Rep.

Amold, 1.G, Moriasi,

ulation, Mode]|;

nd New Zealand ng and Simulation So-

K.C., White, MJ. g -DIN" Gassman, P.W., Abbaspour
~-» ONnivasan, R., Santhi ’C Haﬂnel’

RD,V :
an Griensven, A, Van Liew, M.W., 2012. SWAT:

Model use, calibrati
) lbra[ £ .
14911503, 1on, and validation. Trans. ASABE 55

Arnold, J.G.. Srini
1998. Large.ﬁer;n}g,zsrf:’ R., Muttiah, R.S., Williams, J.R.,
I: ogic modeling and as

Model development1. Wiley Online Librar;_essmem P

Betrie, G ¢

-y 2%; :\dohamed, Y.A., Griensven, A. van, Sriniva-

Blu’c N;] B : Sec.hment management modelling in the
' ¢ Basin using SWAT model. Hydrol. Earth Syst

Sci. 15, 807-818. ' &

Be)./en.e, T., Lettenmaier, D.P., Kabat, P., 2010. Hydro-
Fogli:‘ impacts of climate change on the Nile River Basin:
implications of the 2007 IPCC scenari i .
o e narios. Clim. Change

Box., G.E., Cox, D.R., 1964. An analysis of transfor-
mations. J. R. Stat. Soc. Ser. B Methodol. 211-252.

Change., 1.P.0.C., 2001. Climate change 2007: impacts,
adaptation and vulnerability. Genebra Sui¢a.

Conway, D., 1997. A water balance model of the Upper
Blue Nile in Ethiopia. Hydrol. Sci. J. 42, 265-286.

Conway, D., 2000. The climate and hydrology of the Up-
per Blue Nile River. Geogr. J. 166, 49-62.

From headwater tributaries to interna-
pting to climate variability
lob. Environ. Change 15,

Conway, D., 2005.
tional river: observing and ada

and change in the Nile basin. G
99-114.

Dibike, Y.B., Coulibaly,
climate change in the Saguenay
downscaling methods and hydro
307, 145-163.

Douglas-Mankin, K.R,
Soil and Water Assessme

P., 2005. Hydrologic impact of
watershed: comparison of
logic models. J. Hydrol.

Srinivasan, R, Amold, J.G., 2010.
nt Tool (SWAT) model:

133

¥,

Gener at ed by CanfScanner fromintsi g.com




Current developments and applications. Trans ASABE 53,
1423-1431.

Easton, ZM., Fuka, D.R., White, E.D., Collick, A.S.,
Biruk Asharge, B., McCartney, M., Awulachew, S.B.,
Ahmed, A.A., Steenhuis, T.S., 2010. A multi basin SWAT
model analysis of runoff and sedimentation in the Blue

Nile, Ethiopia. Hydrol. Earth Syst. Sci. Discuss. 7, 3837-
3878.

Gassman, P.W., Reyes, M.R., Green, C.H., Amold, J.G.,
2007. The soil and water assessment tool: historical devel-
opment, applications, and future research directions. Cen-

ter for Agricultural and Rural Development, lowa State
University.

Griensven, A. van, Ndomba, P., Yalew, S., Kilonzo, F.,
2012. Critical review of the pplication of SWAT in the

upper Nile Basin countries. Hydrol. Earth Syst. Sci. Dis-
cuss. 9, 3761-3788.

Johnson, P.A., Curtis, P.D., 1994. Water balance of Blue
Nile river basin in Ethicpia. J. Irrig. Drain. Eng. 120, 573-
590.

Kim, U., Kaluarachchi, J.J., 2009. Climate Change Im-
pacts on Water Resources in the Upper Blue Nile River
Basin, Ethiopial. JAWRA J. Am. Water Resour. Assoc.
45, 1361-1378.

Kim, U., Kaluarachchi, J.J., Smakhtin, V.U., 2008. Cli-
mate change impacts on hydrology and water resources of
the Upper Blue Nile River Basin, Ethiopia. Download full
text free.

Koch, M., Cherie, N., 2013. SWAT Modeling of the im-
pact of future climate change on the hydrology and the
water resources in the upper Blue Nile river basin, Ethio-
pia, in: Proceedings of the 6th International Conterence on
Water Resources and Environment Rescarch, ICWRER.
pp. 3-7.

Leta O.T 2013. Catchment Processes Modeling, Including
the Assessment of Different Sources of Uncertainty, Using
the SWAT Model: the River Zenne Basin (Belgium) Case
Study, PhD dissertation Thesis, Vrije Universiteit Brussel
(VUB), Brussels

Leta, O.T., Shrestha, N.K., de Fraine, B., van Griensven,
A., Bauwens, W., 2014. Integrated Water Quality Model-
ling of the River Zenne (Belgium) Using OpenMI, in:
Advances in Hydroinformatics. Springer, pp. 259-274.

Ma, L., Ascough, J.C., Ahuja, L.R., Shaffer, M.J., Hanson,
I.D,, Rojas, K.W., 2000. Root zone water quality model

sensitivity analysis using Monte Carlo simulation. Trans.
ASAE 43, 883-895.

Meinshausen, M., Smith, S.J., Calvin, K., Daniel, IS,
Kainuma, M.L.T., Lamarque, J.F., Matsumoto, K., Montz-

water 12 (1)

ka, S.A., Raper, S.C.B., Riahi, K., 2011. The RCP greep-
house gas concentrations and their extensions from 1765
{0 2300. Clim. Change 109, 213-241.

engistu, D.T., Sorteberg, A., 2012. Sensitivity of SWAT
simulated streamflow to climatic changes within the East-
ern Nile River basin. Hydrol. Earth Syst. Sci. 16, 39]-

407.

Moriasi, D.N., Arnold, J.G., Van Liew, M.W., Bingner,
R.L., Harmel, R.D,, Veith, T.L., 2007. Model evaluation

. guidelines for systematic quantification of accuracy in

watershed simulations. Trans ASABE 50, 885-900.

Neitsch, S.L., Amold, J.G., Kiniry, J.R., Srinivasan, R,
williams, J.R., 2010. Sl and water assessment tool in-
put/output file documentation version 2009. Tex. Water
Resour. Inst. Tech. Rep. 365.

Raes, D., Steduto, P., Hsiao, T.C., Fereres, E., 2009. Aq-
uaCrop The FAO Crop Model to Simulate Yield Response
to Water: II. Main Algorithms and Software Description,
Agron. J. 101, 438-447.

Refshaard, J.C., Storm, B., Singh, V.P., 1995. MIKE SHE,
Comput. Models Watershed Hydrol. 809-846.

Riahi, K., Krey, V., Rao, S., Chirkov, V., Fischer, G.,
Kolp, P., Kindermann, G., Nakicenovic, N., Rafai, p,
2011. RCP-8.5: exploring the consequence of high emis-
sion trajectories. Clim. Change Doi 10, 1007.

Seleshi, V., Zanke, U., 2004. Recent changes in rainfaj|
and rainy days in Ethiopia. Int. J. Climatol. 24, 973-983.

Setegn, S.G., Srinivasan, R., Dargahi, B., 2008, Hydrolog-
ical modelling in the Lake Tana Basin, Ethiopia using
SWAT model. Open Hydrol. J. 2, 49-62.

Sutcliffe, J.V., Parks, Y.P., 1999. The hydrology of the
Nile. International Association of Hydrological Sciences
Wallingford, Oxfordshire, UK.

Taye, M.T., Ntegeke, V., Ogiramoi, N.P., Willems, P.,
2011. Assessment of climate change impact on hydrelogi-
cal extremes in two source regions of the Nile River Ra-
sin. Hydrol. Earth Syst. Sci. 15, 209-222.

Tekleab, S., Uhlenbrook, S., Mohamed, Y., Savenije,
H.H.G., Temesgen, M., Wenninger, J., 2011. Water bal-
ance modeling of Upper Blue Nile catchunents using a top-
down approach. Hydrol. Earth Syst. Sci. 15, 2179-2193.

134

Gener ated by CantScanner fromintsig.com



; v., Smith, S.J., Kyle, G.P
Iv]n’ o Youg - » ]
Ce De]gado-Arlas, S., Bond-Lamberty,

E., 2011. RCP4. 5: a pathway
ve forcing by 2100. Clim.

oo 19 ot :
e]0 y M 2009- Appllcatlon of the Soil and
B ok T (SW AT) to predict the impact of
nt practices on water quality and
Manag- 96, 1207-1217.

S R

:wrb“”f’ 'r,sif)’ press Syracuse, 1 T

“cauﬁc (ive es, o Viterbo, P., Shuttleworth, W.J.,
Gome® = m, 1.C., Bellouin, N., Boucher,

S &
. - 3
“medﬂ psterl® * Creation of the WATCH forcing data

Es X
m)ﬁ;’esf,.M" 20 05 global and regional reference crop
)5 use 10 i twentieth century. J. Hy-

_RD., Amold, JG. Williams, J.R.,
. A screening tool to assist users in the

e ' check Lo a8
‘ b otential model application problems. J.

S
>
: nﬂcau"“_" 208-214.
e
' Wy, X., Sadoff, C., 2005. Water re-
he Nile basin: the economic value

ainotolly 27 .’
giine” gement in ¢
27-252.

a .
sofur:;;;ation. Water Policy 7,2
¢ %
0' p, 2011. VHM approach: transparent, step-wise
il m’ining pased identification and calibration of
o ionious [umped conceptual rainfall-runoff models. J
s A
f{ydrol Revis.
Model uncertainty analysis by variance

fillems, P 2012.
B psion.Phys. Chen. Earth Farts ABC 42, 21-30.

ilmot, CJ- 1
Geog]', 2, 184"194-

N0, 2008. Guide to Hydrological Practices. Volume I:
Hydrology — From Measurement to Hydrological Infor-
mion. WMO No. 168. 6th ed. World Meteorological
(rgunisation, Geneva, Switzerland. ISBN 978-92-63-

[0168-6.

N0, 2009, Guide to Hydrological Practices. Volume II:

mmagement of.Water Resources and Application of Hy-

an:ngca: I(’)ractlces. WMO No. 168. 6th ed. World Mete-
gical Organisati i

92'63-10168%, ion, Geneva, Switzerland. ISBN 978-

981. On the validation of models. Phys.

Xu.C, Wi ;
e mm‘t’;?f"’ E, Haﬂ(_iln, S., 2005. Modelling hydrolog-
lges, Ady e:ces of climate change—progress and chal-
B fmospheric Sci. 22, 789-797.
: y D.N" S
trzepek, K.M., 1998. Modeling the Nile

0 under ofirr o
Climatic change. J. Hydrol. Eng. 3, 98-108.

Ge
nerat ed by CanScanner fromintsig.com

dropolitics of the Nile valley. Sy-

135




CHAMO LAKE WATER BALNACE RESPONSE TO CLIMATE CHANGE

Tariku Tesfaye Chomba
Department of Meteorology & Hydrology, Natu

ABSTRACT

At present the sign of climate change and its impact is revealed ir} al
in one way or the other. Particularly, this impact has become signific
in nature. One of the most important potential concerns of climate ¢
study is to assess an

valley lakes of Ethiopia. Thus the main aim of the present
response to climate change in Ethiopia. Projections of the

tion Model (GCM). Using Statistical Down Scaling Metho
downscaled. A hydrological model (HBV) was utilized to sim
assessed through calibration and validation processes that resu i
climate variables show an increasing trend for maximum temperature, mintm
tury. The average annual minimum temperature is going to be increased by 1 ; ' :
spectively towards the end of this century. The maximum temperature is also going to increase by 2.2°C and 2.6°C for A2
and B2 scenarios respectively for the same time period. The projecte
all the three time horizons (i.e. 2020s, 2050s and 2080s) for both A2a an
the Chamo open water generally shows an increasing trend for
crease of 14 % for A2a and 15.7% for B2a emission scenarios at
water balance components, the future water balance of Chamo Lake was evaluated and the result shows a declining trend

ral Science College, Arbaminch University

of Chamo Lake water storage in the entire three future time horizons.

Key Words: Climate Change, Lake Chamo, SDSM, Water Balance.

INTRODUCTION
Background

Today the environmental issue becomes the biggest con-
cern of the mankind as a consequence of scientific evi-
dence about the increasing concentration of greenhouse
gases in the atmosphere and the changing climate of the
Earth. Globally, the temperature is increasing and the
amount and distribution of rainfall is being altered
(Cubash, 2001).According to the international panel on
climate change (IPCC, 2007) Scientific Assessment Re-
port, global average temperature would rise between 1.4
and 5.8°C by 2100 with doubling of the CO, concentration
in the atmosphere. Sea level rise, change in precipitation
pattern (up to £20%), and change in other local climate
conditions are expected to occur as consequence of rising
global temperature. This is expected to have a potential
impact on different socio-economic sectors

The levels and sizes of lakes are governed by many natu-
ral and anthropogenic factors. Climatic, hydrological and
man induced factors control lake levels in many ways.
Changes in lake levels result from a shift in the water bal-
ance or the net steady-state removal of water via various
surface and subsurface processes. In particular, closed

water 12 (1)

terminal lakes fluctuate significantly in response to climat-
ic changes but tend to maintain equilibrium between input
and output (Tenalem,2002).

The Ethiopian rift is charactenzed by a chain of lakes of
various sizes and hydrological and hydro-geological set-
tings. The levels of some of these lakes have changed dra-
matically over the last three decades. Lakes that are rela-
tively not influenced by human activities (Langano and
Abaya) remain stable except for the usual inter annual
variations, strongly influenced by rainfall. Some lakes
have shrunk due to excessive utilization of water (such as
Abiyata); others have expanded due to increases in surface

runoff and groundwater flux from percolated irrigation
water such as Beseka (Tenalem, 2009).

The Lake Chamo shows continuous change in the last few
decades, the change in the lake level of Lake Chamo for
the last 45 years is found to be significant. The lake has
shrunk by 14.42% (50.12 km?) with reference to the lake
surface area of 1965. The Lake area earlier covered by
water is now covered by Grazing ground, farm land and

Gener ated by CantScanner fromintsig.com

| spheres of different natural and manmade systep
ant on the water resource systems as they are fragilé
hange effects is on the water balance studies of rjy
d analyze the Chamo Lake water balance
future climatic conditions are made by using General Circula.
d (SDSM), the climate variables at catchment leve| were
ulate the water balance. The performance of the model wag
lted as R*=0.81 and R?=0.85 respectively. The projected
um temperature and rainfall in the next cep.
6°C and 1.8°C for A2 and B2 scenarios re.

d precipitation reveals an annual increasing trend in
d B2a emission scenarios. The evaporation from
both the scenarios i.e. it exhibits an average annual ip.
the end of the next century. By using the projected basic
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Methodology

This study concerns the evaluation of Chamo Lake water
balmloe response to climate change with the application of
a semi-distributed physically based watershed model HBV
in the Chamo sub basin, Statistical downscaling model
(SDSM) was used for future climate generation. The pro-
°§dme consists of using climatic output data from general
Circulation models (GCMs) to retrieve climate scenarios.
The weather generator was then used to produce daily
temperature and precipitation data to serve as an input
data for the HBV hydrological model to simulate runoff.
The future simulated results were then compared with the

base _line period as a means of obtaining the change caused
by climate change.

The historical climate and hydrological data have been
co!le_ctcd from National metrological Service Agency and
Ministry of water irrigation and energy that used to cali-
brate and validate HBV model, but before the calibration
has been taken for the given model, watershed parameters
are needed, these watershed parameters are watershed
area, mean elevation, land use and the shape of the
watershed. These parameters are taken from the output of
the digital elevation model (DEM) that has been processed
by Arc GIS. Taking these watershed parameters, the his-
torical runoff and climate data calibration has been taken
to determine the model parameters. Model calibration is
tuning of model parameters based on checking results
against observations to ensure similar response over time.
This involves comparing the model outputs, generated
with the use of historic meteorological observations, to
recorded runoff. In this process, model parameters varied
until recorded runoff patterns are accurately simulated.

In order to utilize the calibrated model for estimating the
effectiveness of future potential management practices,
the model tested against an independent set of measured
data, This testing of a model on an independent set of
data set is commonly referred to as model validation.
As the model predictive capability was demonstrated as
being reasonable in both the calibration and validation
phases, the model was used for future predictions under
different management scenarios. On the other hand the
coarser climate data (GCM) are downscaled in to station
level by using statistical downscaling model (SDSM
4.2.2), these downscaled data have been taken directly as
an input of the model to assess the future climate change
impact on hydrology of the sub-basin. ERDAS image was
used to process remotely sensed Land sat Methodology

This study concerns the evaluation of Chamo Lake water
balance response to climate change with the application of
a semi-distributed physically based watershed model HBV
in the Chamo sub basin. Statistical downscaling model
(SDSM) was used for future climate generation. The pro-

water 12 (1)

‘torical runoff and climate data calibration hag been take,

cedure consists of using climatic output daty
Circulation models (GCMs) to retrieve ¢lip
The weather generator was then used (g
temperature and precipitation data to serye
data for the HBV hydrological model to gip,
The future simulated results were then Compared iy, ., *
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Ministry of water irrigation and energy that 5ed toy:n-d
brate and validate HBV model, but before the . ali.
has been taken for the given model, watersheq Paramey
are needed, these watershed parameters are e :rs
area, mean elevation, land use and the shape of t;d
watershed. These parameters are taken from {he outpu :f s
the digital elevation model (DEM) that has bee :

. N processeq
by Arc GIS. Taking these watershed parameters, the ;.

ave bCEn

alibratjgp

to determine the model parameters. Mode| calibration jg
tuning of model parameters based on checking results
against observations to ensure similar response qyer lime,
This involves comparing the model outputs, generated
with the use of historic meteorological observations, (g
recorded runoff. In this process, model parameters varied
until recorded runoff patterns are accurately simulateq.

In order to utilize the calibrated model for estimating the
effectiveness of future potential management practices,
the model tested against an independent set of measured
data. This testing of a model on an independent se of
data set is commonly referred to as model validation,
As the model predictive capability was demonstrated as
being reasonable in both the calibration and validation
phases, the model was used for future predictions under
different management scenarios, On the other hand the
coarser climate data (GCM) are downscaled in to station
level by using statistical downscaling model (SDSM
4.2.2), these downscaled data have been taken directly as
an input of the model to assess the future climate change |
impact on hydrology of the sub-basin. ERDAS image was
used to process remotely sensed Land sat imagine to study
land use land cover dynamics of the study area. Finally the
water balance analysis was done to assess the lake water
balance response to climate change.
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Figure 3: (a&b): Change of downscaled monthly maximum temperature fr

om the baseline period for HadCM3 A2, and

HadCM3B2a respectively

Like the maximum and minimum temperature the project-
ed precipitation does show an increase trend. The precipi-

tation experiences a mean annul increase in amount by
9.8%, 15% and 22% for A2a scenario at 2020s, 2050s and

2080 respectively. But, the precipitation exhibits a meq,
annual increase in amount by 4.8% and 9.7% for B2a Sce.
nario at 2020s and 2050s and by 12.5% in 2080s. Genery.
ly, for both A2a and B2a scenario the precipitation shows
an increasing trend.
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Figure 4: The downscaled trend of precipitation for the next century

The projection of average annual Lake Chamo evapora-
tion (Figure S) and the percentage variation (Figure 6)
shows increases in amount by 12.4% in 2020s; by 13.8%
in 2050s and 15.2% increase is projected in 2080s under
the HadCM3A2a emission scenario. The rate of monthly
lake water evaporation was found to increase relatively at
higher rate during the month of Feb to May in 2020s and

water 12 (1)

during the months of Jun to September in 2050s and dur-
ing July to December for 2080s under A2a scenario. In the
case of B2a scenario the evaporation is expected to in-
crease by 14.8 % in 2020s and by 16% in 2050s and
16.4% increase in change is expected by 2080s under B2a
scenarios.
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]
; .I the out flow of the Lake Chamo. The inflow componeng j
| Projected Lake Water balance Analysis the summation of the over-lake precipitation and the kulf,
. . watershed runoff. The outflow component is over —|ak,
i Table (8) shows summary of the annual water balance vaporatio:
{ components with expected storage change in percentage.
g The water balance was estimated based on the inflow and
i
i i d percentage changes (%)
Ty Table 1 The Water balance componens (mmiyear) with expected PETEETES
! |
il —r 2050's 2080 |
o
11l g — ——
il Base
}I Water balance components period 5 A2a B2a A2a B2a
i A2a | B2a |
i =
” 10202 | 9634 11420 | 10047
1J[ Over Lake precipitation 92007 | . 9538 | 901.7 ‘
| 2073 | 2186
| o| 2174 , 239
"Ji: ! Rulfo runoff 23333 2132 211 2139 |
1
i )
! 603 | 17765 17654 | 17627
!{f Over Lake evaporation 161995 17562 | 1735.1] 17
fit} f——] ] . - .—~
| 1', l Storage change 457.56 -5892 622.4 -531.6 -605 404.8 5441
i
| ]
,‘: I Percentage change -28.5 357( ~-159 -32.1 11.7 -187

i assumed net groundwater flux and inflow from the up-

As indicated in Table 1 the Lake water balance and its
percentage change was computed for the three future time

horizons (2020’s, 2050’s and 2080’s) under both HadCM3 .

A2a and B2a emission scenario. In 2020’s the lake water

gagged catchment to be negligible because of total diver.
sion of Sile ,sego and wozeka river for irrigation con-
sumption. This result is argued with (Seleshi B.,2000) the
Lakes Chamo might disappear or substantially shrink due

| storage decreases by 28.5% and -35.7% for HadCM3 A2a
and B2a scenario respectively. The lake water storage will
be expected to decrease for A2a and B2a scenario by -
15.9% and -32.1% respectively in 2050’s. In 2080’s -
il 11.7% and -18.7% decrease in Lake water storage will be
il expected for both A2a and B2a emission scenario respec-
il tively. As shown in the above table the projected precipi-
i tation and Kulfo river inflow to Lake Chamo shows in-
creasing values in the future time horizon, however due to
climate change the over lake evaporation is much larger
than the Lake total inflow .This Large lake water storage
change result can be attributed to the lack of direct meas-
urement of accurate evaporation rate or the fact that we

to the following major reasons. These are effect of naturg]
and anthropogenic condition: increase evaporation, which
is associated to climatic change, Siltation and complete fij]
up of the water carrying capacity of the Lakes, Overuse of
water resource for consumptive purposes and Misuse of
the water resource and pollution. The area experiences
moist sub-humid to semi-arid climate with evapotranspira
tion exceeding rainfall (Makin et al. 1975).The rise in tem-
perature at local level might have enhanced evapo-
transpiration rates contributing to large water loss.

Analysis of land use/cover changes

ik Table 2: Change in area (km2) of the land use/cover types for the Chamo Basin

Land Year (1986) Year (2000) Year(2011) Change (% ) b/n
:‘ i use/cover 1986 and 2011
N ;. type 7 ’
i Area [ % Area [ % [ Area % 2000 2011
E ; (tan?) (km?) (kam?)
[l Waterbody | 324 1427 [ 310 137 | 296 1304 | 432 864
i Forest 41 18 27 119 |23 101 | 3415 | 439
}‘ Farmland 737 3247 | 787 347 | 919 405 | +6.18 247
i < —]
il | Shrubland | 1168 5145 [ 1146 |505 | 1032 455 |-188 116
| S—
;I water 12 (1) 142
it
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est of Ethiopia is the largest sub basin of Baro-Acoobo basin. For the proper utilization

nce, geographic in-

. southw : o : . -
1rz1 soa‘:er resource in the basin, it required to know its spatial distribution, He
w

0 ote sensing techniques “;efe us'ed to analyze the groundwater system based on seven selected
fa[:tors thematic maps. 'l:ihe HE;:;H!S!C Eig;::n:lset \;Ierz geology, soil, lineament density, drainage
" ce 4jon, and slope and lan ;1;51 e ; ERaIr)lASap use maps were prepared through the pro-
ol disf_ﬂbu chniques from Landsat imagery using EF magine a.nd PCI Geomatica software. Other
psin te 4 using Arc GIS 9.3 from DEM and previous prepared soil and geology maps for each maps
pr.eparcd by using PriEst software after assigning weight value of domain effect by using pairwise
txmate,s analytical hierarchy process. Finally thematic laygrs were integrated in Arc GIS 9.3 based
In the basin, four groundwater poteptlal zones were identified; namely: excellent, good, mod-
oundwater potential zones are associated with areas of alluvial deposition, flat and sand domi-
; ycellent &7 art of the basin; north and castern portion of basin have good and moderate potential zone.
oup of \1{65;;3::6‘;5 of mountain which have steep slope and high drainage density in center of the basin.
one 18

. Groundwater potential, GIS, remote sensing, thematic map, AHP
obaSln;

- oht Values-

d;Baf

Baro River basin is the major basin in Baro Akobo is lo-

: fion cated in the southwest of Ethiopia at 33.46° E up t0 36.17°
- e , .
‘ jiod . ortant component to many hydro-  E longitude, and 7.20 'N up to 9.20° N.Iamude. It covers
- dwaler 1S the 1mp . . : driv- about 26,049 km®. The basin is characterized by mountain-
, {ourd pich sustain spring discharges and riv _ ‘ _ Y
| gl rocesses wh 4 wetlands, transport dissolved  0us terrain and falls in the altitude range of below 380 m

s flow, .[akes anthering a5 “’/e” as provide habitat ~ to over 3000 m a.m.s.l. with 42% in between 1000 m and
it facl‘l R \r‘ll-;z dominant role of groundwater 2000 m .m.s.l. The eastern two-third of the basin area lies
h.wczoirsg‘:ji?siheir use is fundamental to human life ~ between 1,000 m and 2,400 m a.m.s.l. and gently sloping
; E)u:zonomic ac’tivity, and used as poverty reduction  plain lies in the western between 380 m and 500 m a.m.s..
1yl indeveloping countries and can be delivered to poor
| muies far more cheaply, quickly and easily than the
} aenional canal irrigation water (IWMI, 2001).

Figure 1:- Map of Baro basin

* Udvater resource in Ethiopia is estimated 2.6 billion
0°bi bier revised it to be about 28 billion m °
) Whiet2010) and other organizations have estimated
: tkezbove 28 billion m 3 (seifu, 2012).

/ Zim:};oo?a:in %roundwater resource classified in two
| Sy tl?:lbers; one associated with fracture and
L, Q;lsemem COmp!ex rocks and the other
thy b aterary alluvium, an unconsolidated
- Ml U medium  (Callist, 2012).Estimated
ey Potential of Baro-Akobo basin is 0.28 Bm’
i} . m

Techy
'8¢ 0.13 Bm’ (Seleshi,eral, 2007).
“I‘Ea
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- Published and non-published literatures were

Baro basin has a varied climate conditions due to its wide
elevation differences It has been observed that rainfall and
temperature are correlated with altitude. As a result mean
monthly average temperature ranges from 17.5 °C on
highlands to around 27.5 °C on the western low lands,
with an overall maximum temperature range from 24 to 35
°C and minimum temperature from 10 to 20°C.

Material and methods
Data collection

The following spatial (image) data and historic time series

of meteorological data were collected for groundwater
potential.

: also used as
input to complete this study.

Meteorologicai data: - Ten to Seven years starting from
2003 to 2013 G.C of recorded mean monthly values of
precipitation data were used.

Remote sensing data:- Landsat Thematic Mapper (TM)
images and digital elevation mode]

Existed maps:-soil and geology maps

Borehole data:

- well location, well yield and static water
level

Data analysis

The methodology carried out to achjeve the objectives is
summarized in the flow chart in Figure 2. Groundwater
potential studies were conducted in four steps. These were
preparing thematic maps, assigning weight; integrating
thematic maps and obtaining final result, In general three
applications were applied namely; geographic information
system application, remote sensing application and analyt-
ical hierarchy process application.

Geographic information system (GIS) appli-
cation Geographic information system was widely used
in this study for thematic map preparation. Geology and
soil map were clipped, the coordinate system was project-
ed and reclassified by using Arc map software.

Drainage network and density were done using GIS after
analyzing DEM through the process of fill; creating flow
direction, identifying flow accumulation, drainage net-
work extraction, stream ordering and finally drainage den-
sity map was prepared using spatial analysis {oo!. Slope
map and rainfall distribution map preparations were car-
ried ou! through ihe process of geographic information
system. GIS technique was also employed in reclassifica-
tion and finally in integration of all thematic maps uvsing
spatial overlaying techniques by weight aver] a2y tool.

Figure 2:- Flow charts groundwater potential study

wafter 12 (1)

Remote Sensing Application |

......
“us

Croenduater
“| e2ntreling featare
cousgsing

------ > Anasing
[ 4
: - _';1& -  Weizhtrge
' P
] ‘: = L
| s
1 i btegrtingens | | Assigned and
. snaipse k= GIS - compuiz weight
L}

! 1> ARCmsp ———
1 ] '
: s Prepering groundeszer : .
! . Pt mop :'
1 ' '
b ) :
: ] Cratusting oith :
Seeahaal hreabnte dstn '

] i

- .

, I} '

| _Gmur-#uaﬂ :

\ coiemizl Iona man 4

\

Landsat Thematic Mappér (TM) images were used for
land cover classification and lineament extraction, Lapg
use /cover was classified by ERDAS imagine 2014 so.
ware based on supervised classification method through
different process. Lineaments were extracted using remofe
sensing software known as PCI Geomatica. During (he
process of lineament extraction an appropriate bands iden.
tified and in algorism library tool geological /geophysical
analysis function was used for automatic lineament extrac-
tion.

Analytical hierarchy process (AHP) applica-
tion

PriEsT softwars was used to apply analytical hierarchy
process during estimation of wei ght values. In the process
of estimation each grouadwater controlling features from
thematic maps was considered during criteria definition.

Assigning individual weight and consistency ratio value
checked after criterial definition and eigenvector estima-
tion method was scfected then afier factor and domain
weight value was estimated.
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Rainfall

.

Geology | 20.4 Basalts & Sandstone

Granite \ 0205

Excellent 051

Good 0

Drainage | 7.6 | Moderate 0.14
density Poor | 009
Very poor 0.03

Hat [ 04

Gentle 03

233 Moderate | 016

Slope Steep 0.07
Very steep | 0.04

Excellent 0.39

Linea- Sted ‘ 034
S 94 Moderate 0.17
density Poor | 007
Very poor 0.03

- cover map and soil map 11.7 and 11.4 respectively. Be-

cause of large area covered for agricultural activity and
major soil type was clay in basin their importance to
groundwater potential is less.

Lineament and drainage density maps was the minimum
estimated weight values Table 1. The influence of
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managed, they can serve as a source of livelihood.
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recommend a proper and scientific solution to alleviate
the problem.

Therefore, this research is necessitated to establish a Rain-
fall -Runoff Modeling for estimation of hydrologic de-
sign parameters (peak discharge and runoff volgme/
runoff hydrographs) using a GIS based semi distribut-
ed hydrological model (HEC-HMS) and to compute
water surface profile for different periods using HEC-
RAS hydraulic model and to assess flood inundation area
of lower Omo sub basin.

Objectives of the Study
General Objectives

The overall objectives of this study is to assess existing
and future potential of flood base farming in Lower
Omo Ghibe sub- basin to enhance sustainable develop-
ment of the marginalized communities (pastoralists).

Specific Objectives

The following sets of specific objectives are also an inte-
gral part of the study:

¢ To estimate mean ann
Omo Ghibe basin,

ual p
noff potemial

0f)
oi , 0y,
¢ To identify the existin y
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Model result.

modeling are terrain pre-processing, basin processing
stream and sub-basin characteristics, hydrological pa’-
rameter estimation and hydrological modeling system
(HMS) were required for developing HEC-HMS model
(USACE, 2003).

HEC-HMS Model Performance

The performance of the model must be evaluated for the
extent of its accuracy (Goswamiet al., 2005). Henc, for
this study, the model performance in simulating ©ob-
gerved discharge Was evaluated during calibration and
validation by inspecting simulated and observed hydro-

lculating Nash and Sutcliffe

graph visually and by ca |
efficiency criteria (NSE), coefficient of determination

(Rz), and Percent difference [Relative Volume Error(D)

were used.

Hydraulic Modeling with HEC-RAS

HEC-RAS uses 2 umber of input Par

draulic analysis © .
water flow. The channel geomeric d
rate values arc {he primary M0

computations. For unstead; gra
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. . r down-
surface elevation at the adjacent upstream 0O

stream cross section, depending on the flow regime.
DATA PROCESSING AND ANALYSIS

Spatial Data

Digital Elevation Model (DEM) of 90mx 90m resolution,
Land use/land cover, Soil and geology shape file data for
the study area taken from Ministry of water and Energy.
Input data for the model, catchment area, and other related
spatial data were processed and delineated from the DEM
with a help of Arc GIS 9.3 and Arc Hydro tools.

Meteorological Data

The meteorological data have been collected from Nation-
al Meteorological Agency (NMA). The availability and
quality of meteorological data such as rainfall, tempera-
ture, sunshine hours, wind speed, and relative humidity
are vital for any water resource study. The daily meteoro-
logical data was collected for 19 stations depending
up on the homogeneity of the pattern which can be
representative to the area. The criterions for the selection
of the metrological data were based on the availability of
data, the data quality and their existence in Omo Ghibe
basin. The data collected covers a period of 21 years
(1989-2009).

Estimating Missing Precipitation Data

Most of the rainfall stations in the study area have short
breaks in their records and it is necessary to estimate the
missing records to keep the continuous time series of the
data. Stations near lower Omo Ghibe sub besins are not
uniformly distributed. As a result stations with missing
data near lower Omo sub basin were filled by simple
linear interpolation and normal ratio method. F illing of
missing temperature, humidity, sunshine, wind speed data
was done with the same procedure and method as precipi-
tation data.

The rainfall data analysis results, together with dis-
charges from gauged sites, were used to estimate the
stream-flow at the ungauged sites in the study area. A long
term average of stream-flow at gauged sites and mean
daily areal rainfall of the sites were used to estimate the
discharges at ungauged sites. This was performed by
applying runoff coefficient of the gauged sites 1o un-
gauged sites. According to Goldsmith (2000), to estimate
mean monthly runoff volume of un-gauged sites from
gauged sites, catchment characteristics such as land
cover, soil type, and catchment slope ranges should be
similar and mean monthly river flow at the gauged sites
should be available. On this Upper Lower Omo Gibe basip
the gauged and un-gauged river catchments soil, slope and
land cover maps was in the same basin i.e. Omo Ghibe

water 12 (1)
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Lower Omo Valley

Jinka station is near lower Omo sub basin. As a result the
temperature of Jinka was taken as representative for the
study. It is shown on table 4-1 and Figure 4-2.

HEC-GeoRAS extensions

HEC-GeoRAS is a GIS extension that provides the user
with a set of procedures, tools, and utilities for the prepa-
ration of GIS data for import into HEC-RAS and aenera-
tion of GIS data from RAS output. The tools allow users
with limitad GIS experience to create HEC-RAS import
file containing geometric attribute data from an existing
digital terrain model (DTM) and complementary data sefs.
Water surface profiles results may also be processed by
visualize inundation depths and houndaries. HFC-
GeoRAS creates lower Omo Ghibe geometric data o
'mport into HEC-RAS and enables viewing of exported
r.csult from RAS. Prior 1o performing hydraulic computa-
tions 1 HEC-R/S, tha geomeiric data was imporfed aud
completed and raaximum, minimum and regulated flow
dgta was entered. After performing the hydraulic computa-
tions, lower Omo exported water surface and velocity

by CanScanner fromintsig.com
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Figure 4-4: Cross section of the river at different stations
at 122967 stations

The roughness value for Omo Ghibe River was deter-
mined by comparing the Chow(1988) standard photos
with that of Omo Gibe River main channel and found to
be between 0.035 and 0.04,

Unsteady flow solutions are selected in analysis for
River training work and flood inundation studies. Dis-
charge information is other boundary condition that
required at cach cross section in order to compute the
water surface profile. Discharge data for flood of different

flow condition was obtained from the HEC-HMS Model

Output and used for analysis.

As shown in figure 4-5, the maximum and minimum flow
of 21 year was selected from simulated flow. But the regu-
lated flow was generated from Kuraz feasibility study
monthly data
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HEC-HMS Hydrological Model Results

The  rainfall-runoff modeling was conducted using
HEC-HMS hydrological model through SCS unit Hydro- + U s O HEC-HMS onfi:. .

graph method, Initial Abstraction, Lag time, CN, constant ~ 12ble 5- 1: Upper OPlimizatjop
monthly base flow and Muskingum routing technique

Figure 5-2: Hydrograph Comparison of

Pper Lower
Omo Validation

’ %
was used to simulate runoff for (he sub-basin. The _ Differ | giney.
. 5 . . . : Measure Simulated Observed ence ence
hydrological simulation js done particularly for Ghibe sub D B
basin and Omo Ghibe basin above lower Omo Valley. [“’:';':l‘("’“” 530321 3106 817089 | ises |
CaK Ilow
. . . (MY/8) 32522 2904.6 475 120
The HEC-HMS model 1s calibrated and validate for the 20701998 | 27Aua3000. — T
1 5 ) 2 Tine of Peak . 00:00 00:00
observed period of twelve year (1995-2006) an-d the bc'st TincorCens |~ B T —
7 0 2
ﬁt.parameters sets are selected.  For .all gauging station of Mass 20:04 02:41
daily and monthly data for the sub-basin from 1996-2002 objective function
Was used for calibration and from 2003-2006 for valida-
tion and 1995 was used for warm up period.
‘- Flow calibration wag performed for a period of seven
il year from 1996-2002. As shown in figure 5-1 the cali-
| bration result proof that there is a good agreement [FewwEaems
i between the simulated and observed monthly flows. e~ : — |
I 3-1’ The NSE was found to be 0.801, which is good correla-. : TR o S BN SEERETEN: |
I tion. i ALY IRINIR "
e _- ’ I;Jl
‘ 0| ; R # e A :
L | I ! g4 B .ﬂilg, |
Iy DS RN VIPESTarieg] | oo B E M Qo 6
E!‘ I8 i Hydrograph Comparison - H g s L (3 b i 3 bE Shal o
il g 2,500 a ‘ I RNy i 45 |
HIKh 1] | i i i & 7 5 A !
i1 ] | 14 | PN gy '
i 1| 25004 - - = B B | TF SR g l
RE ‘ ! 4 e ;
R | ' 2 2,000 -+ - ki . l i R | = FLE\ IR | B O s fucs Iy A A e |
L | E |- ’ s " R ) Demort 93 Rem & 0 4.
RUEEE | } = 2 o i I 4 1S ) o m:"f‘:f***‘f-J 1S CR . e PUTFun | Commnet Kemar S 0a on St 00w |
=‘ & 150 ‘ T ; syl T et s i 4
e | . 1,000 '
' i f 5001
i o g e
; il 1996 1997 1998 1999
il Legend (Compute Time: 12Feb2015, 16:07:36)
| Ha ‘——momcncmumﬂamtquuuMbw
Wi + T OvtOmo Ghe Calbxation Blemert: OBt Resull Ob served Fiow f

water 12 (1) 156

CGener ated by CanScanner fromintsig.com



|

L

ofiles for flood from 1989-

l;ticns where there is over
st one of the outputs of HEC-
W

:m on figure 54

Pran’ plan_1 21672015

f
n
Mlomk‘_n.lm

—

T % & A0 % % s S

‘wm €0000 50080
u-ncmnm Dalence (M)

|
‘ |
102000 123000 i )

which is suitable for crop produ

B Do

4: water surface profile with minimum flow
e T
Figwre

of lower Omo Valley was gentle and the
gee (he slope valley was high there were flood inunda-
ok fow oD U:epa” of the right bank of the riveris
tf,s flooding by virtue of its low tqpography.

r surface profile of @ single cross section  with
i maximum and regulated flow of upstream basin
[;T;?utl}?;;t there was a significance difference between
:mimum and minimum flow. However, there was slight
jifeence in inundation depth between minimum flow and
elated flow. The comparison of flood inundation area
ud flood depth was shown in table 5- 2.

Table 5+ 2: Flood inundation Mapping area and depth

Fow | Woreda Flood Inunda- Depth
tion Area (km?) (m)
e Selamago 6.705
ini-
T Hammer 23.099 105
Fow | Dasenech 45.110 l
soad Gnangatom 32.080
S
o }:‘amago 12,0575
My ammer - 2.3
Flow Dasenech -’;7-6]4:55
| Gnangatom 48' 12
by, | Selamago T 537
| Do T
\Gna\“— 24
fgatom 36.05
; .

(y

:i"lSti“g Situation of Flood Recession Farm-
g

In Lower Omo Ghibe sy

b basin floo i i
has been pr d recession agriculture

o acticed for a long time with maize and sor-
g2 ETOWN on the residual moisture afier the flooding

period. Annual flooding occurs in areas around Hamer
Dasanech, Selamago and Gnangatom woredas in thi:-
downstrfeam reach of the Omo Gibe River. Lower Omo
Valley inundates during July, August and September of
ction.

Figure 5- 5: Farmers direct flood to farm Gnangatom
Woreda near Kangaten town

The timing and size of the flood will influence the produc-
tion of the crops cultivated on the floodplain. Plenty of
rainfall at the start of the rainy season in the upper catch-

ment will cause the area to flood, and fertile sediment is
deposited at the floodplain.

Flood recession farming with the future de-
velopment ‘

The lower Omo River has experienced a lot of flood prob-
lems in recent years but this will be regulated from now
onwards due to the large hydropower dam of Gibe III HP.
The development of cascaded reservoir facilities helped
to reduce the peak and volume of runoff from a giv-
en catchment, which can reduce the frequency and
extent of downstrcam flooding, soil erosion and sedi-
mentation. This flow regulation at the upstream area may
aleo be able to reduce the costs of large storm water
drainage systems construction, as there are also no
longer space for further deepening and widening of
rivers and drainage systems. The design and construction
of Ghibe III HP dam considers flood recession farming
and releases around 760 m’/s of discharge during peak
flow.
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CONCLUSIONS
RECOMMENDATIONS

Conclusions

AND

A hydrological, HEC-HMS, modeling is used to sim-
ulate the rainfall-runoff process. The HEC-HMS pro-
gram was selected for this particular study due to its versa-
tility, capability for runoff generation, automatic parame-
ter optimization and its connection with GIS through HEC
-GeoHMS. The HEC-HMS hydrological model which is
calibrated and validated in daily time step, simulate the
observed discharge in reasonably well manner with the
model performance criteria of Nash and Sutcliffe value on
average NSE resulted from 0.801 to 0.867 in Ghibe sub
basin and upper lower Omo sub basin gauge stations for

calibration and 0.84 to 0.88 for validation on monthly
scale.

The conditions found in the floodplains in the lower Omo
basin with minimum flow with in twenty one years were
compared with maximum annya] flow where flood reces-
sion agriculture is practiced. Thus GIS and HEC-RAS
hydraulic model showed that the maximum depth of flood
inundation with minimum flow was (1.05 m), regulated
flow was (1.2 m) and with maximum flow (2.3 m) and the
area covers four woredas j.e. Selamago, Hamer, Gnan-
gatom and Daenech. This shows that the flood depth with
minimum and regulated flow was approximately the same.

The total existing flood inundation area over twenty one
years (1989-2009) with minimum flow in 1989 was (107
Km®) and maximum flow in 2006 was (182 Km?. But
this flow will be regulated in the future due to cascaded
reservoir and the future flood inundation area with regulat-
ed flow will be (111 Km?). The overview of flood inunda-
tion area and flood recession farming practices has proved
that farmers have developed methods to deal with the
changing conditions independently.

Recommendations

Generally from this study the following points are recom-
mended;

In order to improve the input data for HEC - HMS
model application and as a follow research suggest
that the comprehensive meteorolagical data and hydro-
logical data should be installed in Lower Omo sub basin

because of large part of Omo Gibe basin is ungauged
catchment.

More detailed and more specific hydrological survey
- should be studied and documented in the lower Omo
Ghibe sub- basin which can help to get a better under-
standing of the systems and their influence on flood reces-
sion agriculture, electronical pre- flood warming instry-
ments should be installed. -

water 12 (1)

In future development of cascadeq |

A ) €sery 0i
project the conventional ~ Tang

irrigation methods for rural commyy,
and implemented.
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¢ of Koga Irrigation Scheme ang

bout the Performanc
of Climate Change
seged Tamiru Haile (Ph.D.)

Box 5689, Addis Ababa, Ethiopia

Farmer’s Perception 2
| Impact

(M.S¢) and Alem
o Instituie, P. O.

il: bczabbberhanu(angail.com

cted to alleviate impact of climate variabiliy, -
erformance of the Koga irrigation projec ey

s the first to be operatioqal in the Lake Tana sub-bagi,
for the upcoming prpjects. Data were gathered throy
of 90 beneficiary farmers of the Koga irrigation project. The data were analyzed using

a household questionnaire survey 0 Sciences (SPSS) software. Farmers s.tated the bepﬁjﬁts :)f thle lf]Tlgatron Projec a5
the Statistical Package for the Social cltte.nle i ? reased Savings, mcr'eased Ch.l rea's sehool etclont :
increased producti(?ns and profits by ";li / lgf the respondents are not totally satisfied wnh. lhf: cgrrent Wat(.:r allocation of
general better livelihoods. Ho.wcver, 5 :o f the respondents the amount of the allocated xrngatfon water. 1 less than the
the scheme. For more than sixty percen émeive the irrigation interval as too long to timely satisfy the CXisting
actual water demand. About 70% of the farmers p B et cliange and the sthee i

s perception abou s vul
crops water demand. We also evaluated farmer’s percep dent. Farmers felt a change in rainfall patter j,

i ‘or climate stress in the region by 60% ofresPOf‘ g . :
mﬂs m:fggsyz:so(g::;)m;gd?l\%iheasrnlearl)f onset of rainfall (80%) and increased rainfall variability (30%). Slightly Jesy
e pa

i i - st 20 years. About 58 % of the farmers anig;.
that temperature has increascd over the pas . . ‘
e WA / esult of changes in rainfall and temperature combined with sedime.

ate future water shortage in the Koga scheme as a ri har mpera) i
fation. Overall. we were able to recognize the benefits and existing challenges Oftheilrrlgatlon scheme. The Koga iriga.
; existing and forthcoming challenges. Thercfore, measures

tion scheme is a well-functioning irrigation system with some , . :
that will avoid water allocation difficulties or that will improve the farmer’s adaptation capacity to water shortage need (o

Beza Berhanu

it 1
| Unternational Water Manageme

f a
Corresponding author em

Abstract iopia a1 X

sed the current p i

of

j E
d water resources projects across :
[tural sector. In this study we gsse el
-
as its vulnerability to climate change. Koga 1rr1gatlole§ming -
the Upper Blue Nile basin, and therefore serves as a

Ongoing and planpe
change on the agricu

socio-economic development (Fisher et al., 2007) in the
Intreduction - region.

Backgreund In order to adapt to the observed and projccted climate
variability and changes, farmers in UBN have been taking
various measures including water harvesting, trees plant-
ing, early and late crop planting, terracing, crop diversifi-
cation and others (Deressa et al., 2009; Salvatore et al,
2012; Tessema et al,, 2013). To support such local initie-
tives, the government of Cihiopia is also responding to the
changing climate in the region. For instance, thie five large

There is undeniable scientific evidence about the increas-
ing concentration of greenhouse pases in the atmosphere
and its visible impact on the global climate system (IPCC,
2013). Over the period 1880 to 2012, the globally aver-
aged combined land and ocean surface temperature data
showed a warming of 0.85 °C (IPCC, 2013). Mean tem-
perature over Ethiopia has increased by 1.3°C between
1960 and 2006 at a rate of 0.28°C per decade (McSweeney scale irrigation schemes', which are commissioned or un-
et al., 2010). The corresponding precipitation trend during der construction in the Lake Tana sub-basin, are among
the last 3-6 decades was not very clear although its change thase bold government initiatives that are aiming al im-
is often implicated as a source of droughts and floods jn ~ PrOVing food security while reducing the vulnerability of
castern Africa countries including Ethiopia (Niang et al,, local communities in the region. Koga irrigation scheme is
2014). The IPCC Fifth Assessment Report (ARS), stat the first large scale irrieatio i ational 1
that GCM projections of annual precipitation i Er the Lake T - e L('} i i

Blue Nile basin (UBN) do notg pitation 1n-14he _Upper ;‘ e Tana SUb--baSH'l.‘ Its construction has been com-

gree on the direction of  Pleted and become operational since 2009.

g;cmntatmn;f@nge (Nlang etal,, 2014) while the average  However. (] ' f
perature is projected to increase by 2 to §5°C by the end o BT L SIPBBEES S

of this century (Elshamy et al., 2009). Such changes in the Koga irrigation scheme were estimated under the
rainfall and temperature are, therefore, expected to affect

potential evapotranspiration (Elshamy et al., 2009), cro

water requirement (McKenney and Rosenb erg, | 995) ang

5 water 12 (1)
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: limate by undermin;
onary ¢ ning pro.
a S:iizefamre and reduced stream ﬂpr;.zr
e(;;;n (Setegn etal,, 2011; Abdo et a |
gb”

py Berhanu and Haile (2015

¢ st Creise in future water requimm)e;li?
g ¢ under all representative concentra.
r,g :on 5¢ 08 (RCPs) to question the reliability
p water demand and delivery of gp;

E limate cha
e im ac.t of c p ,nge on t}}e supply
o s of irrigation, farmers® perception aboyt

o ;cﬁmate chqnge on i.rrigated agr?culture and
| A4 o deal with such Impacts are importan 1o
¥ of irrigation

0PI cqainability

%P gystainabl Mg schemes
;f P;:ﬂ ¢ song €t al., 2014). This is because percep-
“]zoonwﬂ cat role in farmers level of response to clj.
& tioﬂ e ae choice Of adaptation measures and how they

g l;;fnegct:e 4by such changes.

o i : focused on the case of Koga as an operatiop.

mssw@ cheme 0 2SS¢SS the perception of the benefit-
dirrl'gailﬂl; sbout the impact of climate variability and
mgfamlﬁr rigated agriculture (water demand and sup-
o ol; picctives are 0 understand farmers” perception
i) :existing water allocation in the irrigation scheme
o s ,rmer’s perception about climate change and
:m'evaact on imigation water demand and supply. Since
;ﬁi 4 griculure 'will cgntipue to expand to feed the
;\Img 0 pulation in Ethiopia, the stgdy _will generate
e information to make the upcoming irrigation pro-
lient to climate change.

-l
g

jsmore resi

fudy Area
ueral characteristics of the study area

T Koga Dam is built on the Koga River at 11°2431"
Yoth and 37°9'39” East coordinates with an elevation
seching from 1800 m above sea level (downstream area)
130 mabove sea level (upstream area). It is situated in
+ It Amhara regional state of Ethiopia at a distance of
tut 35 km south of Bahir Dar. Mean daily temperature
ggéoga Yvaters.hed was 19 degrees Celsius from 1960-
M‘eraa:(; itreceived 1560 mm of precipitation annually on
&Iimui te;rt:ng ?hat same period. High rates of erosion are
i y high river flows that occur during the rainy
My I: result0 of precipitation and runoff (Reynolds,
o (S’St 87% of th.e area consists of silty clay soils
m“j°flandu:lt;ble for irrigation (Eriksson, 2013). The
by Ofth:' and cover features of the watershed before
Irigation project were cultivated land,

19

Memgy
O?esstcmb-weuand’ bush land, few remnants of
“Olsey, trees and also some planted Eucalyptus trees
ments (Gebrehiwot et al., 2010).

&)

£201320;
useholds (Figyre 1)

Fi > 1
8ure 1: Koga IrTigation schem

€

Quantitative and qualitative data were collected using

structured questionnaires.

onsists of 86 open and closed ques-
five main sections: (i) (iii) exposure
mate change impacts; (iv) current

The questionnaire ¢
tions grouped in 10
and sensitivity to cli

: R
irrigated farming; (ii) farmers satisfacti
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coping mechanisms; (v) anticipated exposure and adaptive
capacity to climate change. The survey lasted for ai)OUt 30
to 40 minutes for each respondent. The qucstionn_zure was
prepared in English language but later translated in to the
local language (i.e., Ambharic). The accuracy of the Aﬂ}-
haric translation was assessed by a local expert _Who did
not participate in the preparation of the questionnaire.

In order to assess the level of understanding and difﬁFul-
ties associated with the interpretation of the question-
naires, the research team has trained three enumerators
and helped them to conduct a pre-test survey. Once they
were qualified to conduct an independent interview, a total
of 93 randomly sampled farmers were surveyed from the
12 irrigation units of the Koga irrigation scheme.

Statistical analysis

The quantitative data collected through the structured
questionnaire were first checked for consistency and then
digitized. The data were then analyzed using the Statistical
Package for Social Sciences (SPSS). Descriptive statistic
(min., max., mean, percentage and standard deviation) was

used to analyze the collected data.

Results
Socio-economic profile of the respop dengg

Farmers benefiting from the Koga irrigation e
an average age of 40 years (Table 1). Crop culti\r,ne. g
the major livelihood strategy and source of - :
these farmers. However, about 87%, of the
also involved in more than one income g
ties mainly in livestock rearing, Average |apg holgi i
1.2 ha with a maximum of 4 ha. Most farmers Wil l?g ;
landholding stated that they cultivate only par o ti:lfge
land in each production season due tq lack of laboy eir
limited financial capacity to piirchaSe agricultury 5 :?d
Irrigation farming is a new activity in the area ang almos.
all the surveyed farmers did not have any irrigatiop gy eril
ence before the start of the Koga irrigation Scliem, h;
2009.

reSpOnden a
eneratipg , . ¢

Table 1: Socio-economic profile of the respondents

Sex Female (%) 25
Male (%) 75
Min 22
Max 70
#pe Mean 40.75
St. Dev. 11
Irrigation farming experience before the Koga Yes (%%) 3
project No (%) 97
Crop cultivation (%o 100
Source of income Livestock (%) 187
Petty trade (%) 5
Other (%) 3
One (%%) 13
Number of activities generating incomes Two (%) 80
Three (%) g . -
Min 0.25
Landholding _l\gx;______ 4
Mean 1.18
StDev 0.77

Farmer’s perception about the existing water
allocation of the scheme

Farmers stated that the irrigation scheme has brought mul-
tiple benefits to them. While they used to cultivate only
once a year by relying on the rainy season, they are now
cultivating at least twice a year (after the commissioning
of the scheme). As a result of multiple cropping, farmers
are able to improve their crop yield, income and livelihood
(e.g. improved nutrition, better houses and improved ljv-
ing standards). The improvement of income from their
irrigated agricultural activities has helped them to save

water 12 (1)

S0me money in a bank, which was not common in the area
before the start of the project. As a result, children school
enrollment has drastically increased since farmers are
able to incur the cost of sending their kids to school. This
has caused labor shortage in some households as kids
were the once who helped them in farm activities.

Despite the multiple benefits of the irrigation scheme,
about 57% of the respondents are not satisfied with the
current water allocation. Their dissatisfaction is mainly
related to the irrigation water amount and interval.
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ter demand (Figure 2)
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their dissatisfaction on the irrigation
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the respondents (~85%) consider the ¢
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spells although the reservoir was designed and build to
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- 0 H e
Farmer’s perception on historical climat
variability and change

We assessed farmers® perception on historical chma:f
variability and change with the assumption that fa"‘ne:e-
perception towards these changes could affect t}?chist-
sponses and provides useful inputs to unde.rstar.ld the € ol
ing adaptive capacity. With regard to h!stoncal rain =
patterns, 70% of the respondents recognized changes "
rainfall pattern over the past 20 years (Figure 4). Of these,

i cainfall in the last
Figure 4: Farmers’ perception of changes in rainfall In

Decrease In variability
Increasein variabllity

Increased in amount P

Decreased In amount

Late onset 22272722727

777222222222
Early onset /////////////////////}/”/W////

stated that the current Onset o, .
almost-SO?;::f:gre. Appreciable percentag, gf rla'“fall
is earlier (30.5% ) had also noticed increaseg r
abnllt)’ed a decrement in rainfall amount jg €atey ‘: 0
[epOnWhO reported an increment. Most of the T€Spong .
thosca“ said that rainfall has becgme less Pfedictableenls
gene:1 d? fficulties to schedule their agriculpyp, acl'vit-nd
ﬁ:::d on their existing indigenous knowledge, k-

o lhe
ainfy) Q‘

20 years (% respondents)

T

o 20

s 60 80 100

Percentage of respondents

N.B. The percentages add up to more than 100% because they were generated from multiple answer questiong,

Slightly less than half of the farmers believe that tempera- -

ture has increased over the past 20-years (Figure 5). A rise
in temperature is explained by an increase in crop water
requirement, an increase in crop diseases and pest prolifer-

ation. However, about 13% of the respondents observeq ,
decrease in temperature over the past 20 years Wwhile 14y,
did not recognize any change.

Figure 5: Farmer’s perception of changes in temperature in the last 20 years

No change in temperature ' %

Temperature decrease

§
\

rempersrure ncrease %,

N

=]

20

Farmers’ perception about the major climate stresses in
the last 20 years was also evaluated and 60% of the re-
spondents considered hail as- one of the major climate
stresses in the study area (F igure 6). The unexpected hail
occurrence may, sometimes, destroy the standing crops
and left farmers with empty hands, For example, in 2014,
most of the maize farms in Ambo Mesk irrigation unit

water 12 (1)

40 60 80 100
Peréentage of respondents

were destroyed by hail (at maturity stage) and greatly af-
fected farmers’ capacity to purchase agriculture inputs in
the coming irrigation season. According to the respond-
ents, flood is the next major climate stress followed by

frost. Only less than 10% of respondents consider drought
as the major climate stress,
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Climatic factors do not seem to be farmers’ b_iggest fegrs
in Koga as they stated that temperature and rainfall varia-
tion will have limited impact in terms of water shortage.
This is mainly due to their belief that they cannot do much
with regard to climatic variables as it depends only on the
“will of God” and they preferred to concentrate on factors
that can only be managed by them. Comparatively, fa@-
ers are more concerned about the effect of decreased rain-

fall on future water shortage (19%) than increased temper-
ature (4%).

Discussion and conclusion

As farmers are the direct beneficiaries of the Koga irriga-
tion scheme, it is important to consider their perceptions
about the existing water allocation and water shortage
phenomena. This study found that most beneficiaries are
not totally satisfied by the existing allocation of the irriga-
tion water and are concerned about the amount and inter-
val of the supplied irrigation water. Currently, farmers are
not able to plant profitable crops (like vegetables) as their
water demand is larger or more frequent than the amount
and frequency of water delivered by the scheme. The ini-
tial fixed flow rate of 30 I/s for a period of 12 hours is
basically planned to irrigate 2 ha without considering the
crop type or stage of crop development. Hence, the exist-
ing water allocation practice should be revised so that

farmers’ can shift from cereal cultivation to profitable
crops like vegetables.

Farmers perceive hail as the major climate stress in Koga
scheme. Hail frequently destroys standing crops. Howev-
er, hail has not been given due attention in previous stud-
ies (e.g. Deressa et al., 2009; and Deressa et al., 2011).
Therefore, the concerned bodies need to thoroughly con-

sider this climate stress and work to build viable shielding
measures,

In this study, more than half of the respondents noticed a
rise in temperature in/around their area. Surprisingly, the
majority of the respondents believe
ic variables (such as temperature and rainfall) will have

less impact on the volume of water stored in the reservoir,
Rather, sedimentation is their nu

ble for a significantly reductio
water

that changes in climat-

mber one reason responsi-

n in the actyal amount of
stored in the reservoir, This indicates that farmers

have little understanding about the link between climate
variables and the volume of water in the reservoir,
from sedimentation, farmers in Koga irrigation s
linked future water shortage to an increased water
bad water management that warrant improvemen
existing water management s
ble cause of water |oss.

Apart
cheme
use and

t on the
ystem to avoid/reduce proba-

The Koga irrigation scheme is a we
tion system with some existing and
es with regard to its water allocatiq

water 12 (1)

Il-functioning irriga-
forthcoming challeng-
n and its vulnerability

to climate change. HoweVer, for better
fixed flow rate and long inrigation e o

justed in ac.:cgrda.nce to':he CTOp-watey p, eﬁ
mand. The imigation project Manageme, !?u"emem ¢
releasing reservoir water as supplemema] , Qulq °°nsidt'
rainy season particularly during carly raimff;gangn \ ll?
tended dry spell. This is needeq to m im?] Offse =e:_
from this big investment. Overal|, Measyreg tie th bery
water allocation difficulties o that vy 1al g
farmer’s adaptation capacity to w,

1Mprg
‘ B Bter shoryy, nec;e the
implemented based on evidence-bageq study loh,
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Abstract e bases like deforestation
: : i ious effects on resourc . » EXPansion of
Gilgel Abay watershed is densely populated causing vant;O facing high erosion by the effects of intense rainfaj] of the

o : is al
residential area, and agricultural land. The watershed 1s a hed. This study was designed at application of SWAT fy;

; the waters :
watershed, which aggravates the land cover change of _
the assessment of irgngpacts of land use land cover change and best sediment management practices that are related hy.

drology/stream flow and sediment yield of the watershed. The land use land c?ve; cgiltfi s:jl);zeﬁo:vf;;ge;_fgmed using
ERDAS Imagine 2014 that was used for further analysis of SWAT. Land usc? and ¢ s g orit lTerent yearg
of 1986, 2000 and 2011 land use scenarios with different management practices were used 1or estimation of stream floy
and sediment yield. During the study period most parts of the grassland and shrub land were changed to cultivated Jang.
An increase of cultivated land by 33.79% over 25 years period ( 1986 - 2011) resuiled an m(.:rease of slream ﬂpw and1 sedi-
ment yield by 5.87m%s and 62.78¢km’ respectively. The Nash Sutcliff efﬁmenf:y, coefficient of dctermllnatlon (R.*) and
RSR were used for evaluating the model performance. Spatial variability of sediment were also dpne using the validated
sediment yield results of 2011 land use on Arc GIS. Hence, for the critical sub- watersheds ﬂ.le design and de‘velopment of
best management practices were performed. Three BMPs (best sediment management scenarios) S1 (filter st.np), S2 (stone
bund) and $3 (reforestation) were considered in this study. The results has showed a decrease of sedimentation by
24.73%, 21.36% and 36.18% sediment yield reductions implementing S1, S2 and S3 respectively. Therefore practicing §3

for Gilgel Abay watershed should be implemented and encouraged for efficient sediment reductions.

Key words: Gilgel Abay watershed, land use change, stream flow, sediment yield, SWAT, ERDAS Imagine, BMP

Introduction

Land and water resources degradation are the major prob-
lems in the Ethiopian highlands. Poor land use practices
and improper management systems have played a signifi-
cant role in causing high soil erosion rates, sediment
transport and loss of agricultural nutrients [1]. Gilgel
Abay watershed, which is one of the sub watersheds of
Lake Tana basin, is densely populated with an annual
growth rate of 2.3 % [2]. This causes various effects on
resource bases like deforestation, expansion of residential
area and agricultural land. The watershed is also facing
high erosion by the effects of intense rainfall of the water-
shed which aggravates the land cover change of the water-
shed. This continuous change in land cover has influenced
the water balance of the watershed by changing the mag-
nitude and pattern of the components of stream flow that
are surface runoff and ground water flow, which results
increasing the extent of water management problem.
Therefore, The main objective of this study was to evalu-
ate the amount and pattern of stream flow and sediment
yield under different land use/cover changes of the catch-
ment and assess different BMPs of sediment transport for
the years of 1986, 2000 and 2011 using SWAT. Moreo-
ver, this research tries to address the following specific
objectives: to evaluate land use land cover change effects

water 12 (1)

on stream flow of the watershed, to estimate and compare
sediment yield of the watershed under different land use
change, to characterize the watershed in terms of spatial
variability of sediment, to assess the effects of developing
best sediment management scenarios and To produce land
cover map of Gilgel Abay watershed for each reference
time.

Description of study area

Gilgel Abay watershed is situated in the north west part of
Ethiopia between 10°56” to 11°51°N latitude and 36°44’ to
37°23°E longitudes. The river originates from small spring
located near Gish Abay town at an elevation of 2900m
ams.l and drains to the southern part of Lake Tana. The
catchment area of Gilgel Abay River at the outlet to Lake
Tana is around 4,021.8 km” and it is the largest tributary
of Lake Tana basin which accounts around 30% of the
total area of the basin. The elevation of Gilgel Abay catch-
ment varies from 1787m to 3528m a.m.s.l. The major
parts of the study area falls in Woina Dega climate howev-
¢r, small part of study area that is mainly at the South tips
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rating curve were d
] ﬂ"of Peratllf 4 minimum temperature [4]. The

used for calibuy eveloped and the amount of sediment
S an hed are Haplic Luvisols foration at outlet to lake Tana were estimated.
P i o age of 48.61% and 18.93  The SWAT weather Dot parameters were estimated
¥ ty_?‘; I having €0V -8 PCpSTAT and Dewpoint 02, The consistency and
g AUS omogeneity of hydro-meteorological datg checked using

£ H:?WIY' double mass curve ang Rainbow reg

‘ pectively,
,ﬂlods T model was used for assessing th-e Sensitivity. analysis of SWAT simulation using 27 years
{ 5 SWA change on stream flow and sedi- rec_:orded river flow and sediment wag also done for identi-
7 ]"‘cﬁ]yf]an Juse cove}ied For the satellite image classi-  fying the most sensitive p
- Mo tershed.
e Wa

. ' ‘ Y& parameters. Calibration of flow
T ine 2014 were used. Three different  and .St.edlment simulations performed using the identified
| y; E AS m:iaﬁlr ec best sediment management sce-  Sensitive parameters for the periods 1995 - 2002 since the
o o

chhﬂ‘ § evaluated based on each of the evalua- € record period. After
b ' dan

flow has no missing values during th
ﬁﬁ“ﬂppleTh crformance of the model was checked
.é 'ﬂ C

a while, validation was done for the

periods 2004 - 2007.
o T analysis, calibration and validation by ~ The f"Odel performance was evaluated using Nash Sutcliff
. Sugbs"'“s m?tl}ilff coefficient, NSE and coefficient of efficiency (NSE) and coefficient of determination (R?).
c ey
- ph S0 2 evaluation criteria’s.

o on R
mmmt]on: ) ‘
}’ flected from gauging sites were summed up
| fgonned to the outlet to Lake Tana using catch-
- s

Table 1 data types and sources

% W : _ Descﬁption of Data Data Source

¥ Gluc -30m resolution USGS Glovis for 1986, 2000 & 2011
i )M : 30 resolution MoWIE

reflow A . Upper Gilgel Abay, Koga and Kilti MoWIE

| Ve o Upper Gilgel Abay, Kogaand Kilti  MoWIE

; (mate (RF, Temp, I-Ium - Bahir Dar, Adet, Dangila, Injibara, National Metrology Agency
R Swdine, Wind) Wetet Abay

i -  FAO dassified MoWIE

: s i Sample control points for different  Field survey of the watershed
i land uses '

'i, g Discussions

K= 0.9, which indicated the classification i
since it is greater than 0.8,

g
! Land Coyey Change Analysis

s almost perfect

g i The cultivated land cover shows a dramatic increase dur-
o Cent: . . s i

i {Q;"I“"ﬂted, :“: Studies; the map showing only five N8 the ﬁrsF period (1986 — 2()09) with +24.12% than the
i I‘“duxe ko » 8tasslang, shrub land ang forest) classes  Second period (2000 — 2011) with +9.67%, on the other
E;Oll' Aﬂer: Were createq for the years 1986, 2000  hand shrub lands, water and forest showed a significant
bty descrizzdiil :Pztial analysis of Jang cov::r per- decrease in the first period. On the contrary grasslands
’ g Vi

: & ewatershed_ erall Jand use/cover patterns showed a higher decrease during the second period (-

14.39%) than the first period (-10.01%). These reveals that
SSSmeng the changes in one land use cover resulted in a change in
e, Tuth pOIi)erformed by using land use  on the other land cover types.
4 Vg ac: &curyg wenrts and Google Earth, User’s

Urae © greater thap 85% 1l
Mgy . Y o 9 0, aS we
ey s;’ficates the % for 2011 1anq use classifica-

Sat and the methodologies
appa coefficient were also,
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Table 2 Summary of land use cover change percentage of Gilgel Abay Watershed

Figure 2 Land use land cover map of year 1986, 2000 and 2011

Land cover Years Land use change detection
classes 1986 2000 2011 19862000 2000-2011 1986201
Cultivated 3369 57.76 6748 +24.12 +9.67 +33.79
Water 5.61 4.08 5.06 -1.53 -0.98 0.55
Grassland 3617 2616 1172 -10.01 -14.39 24 45
Forest 4.09 227 2.69 -1.79 +0.39 1.4
Shrub Land 2045 973 13.04 -10.72 +3.31 -7.41

Stream flow modeling

Sensitivity analysis of simulated stream flow for the wa-
tershed was performed using the daily observed flow for
identifying the most sensitive parameter. 26 flow parame-
ters were checked for sensitivity and seven sensitive pa-

rameters were identified. Calibration was done for sens;.

Table 3 Sensitive stream flow parameters

tive flow parameters of SWAT with observed average
monthly stream flow data. Manual and Sequential Uncer-
tainty Fitting program (SUFI) flow calibration was per-
formed for the simulated results based on the sensitive
parameters.

No.  Parameter  Parameter value Default Calibrated Sensitivity ~ Significance
name range value value
1 GWQMN 0-5000 0 4500 1 Very high
2 CH_K2 0-150 0 135 2 Very high
3 CN2 +25% 6.92 3 Very high
4 Canmx 0-10 0 7 4 High
5 GW_REVAP 0.02-0.2 0.02 0.086 5 High
6 ALPHA BF 9=} 0.048 0.23 6 High
7 SOL_AWC 0-1 0.11 043 7 High
water 12 (1) 170
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d validated stream flow results showed a

Wlibratedaﬂ the observed data (Figure 4). There-

fore, these results of estimated stream flows indicate that

SWAT model is good predictor of stream
Abay watershed.

flow of Gilgel

flnation of stream flow due to land use land cover change
W

Table 5 Mean annual stream flow results for the calibration and validation period

~Years 1986 2000 2011 Change detection

e Simulated ~Simulated Simulated 1986 2000 20002011 19863011
Cbration 13326 15047 141.80 1721 867 8.54
Vdidaton ~ 134.68 13772 140.55 3.04 2.83 5.87

T sream flow results for different years compared
beedonthe validated values (Table 5). Stream flows has
bved a higher increase in the first period (3.04m]/s)
mthe second period (2.83m%s). In general, stream

s treased throughout the study period for over
_Y°:fs Feiod with a magnitude of 5.87m’s. These tre-

08 thanges of stream flow were due to the land

Wi
| huT“EES of the watershed (an increase of cultivated
: Blistudy period),

169 signify an increase by
By, 7MW for the first ang second periods

W, due g o :
. ..ﬁfl;\’as inCréa;)eZn Increase of cultivated land. Surface
- Ul

Rl ¢ \;vith increased agricultural land be-
or loss by runoff is increased from soil

eneratea py Canbcanner t1romintsi g. com

that is bare or partially bare during the cropping cycle. On
the other hand, ground water flow decreased by 34.6m’/s
for the whole study periods (1986 — 201 1), exemplified
with an increase of cultivated land which leads a decrease
of infiltration, as a result decreased lateral and ground
water flow. Hence, this reveals that the ground water flow
has showed an inverse relation with cultivated area of the
watershed. The water yield (Table 6) of Gilgel Abay wa-
tershed has reflected a significant increase during the sec-
ond period (2000 — 2011) with a magnitude increase by
+61.73 mm. Moreover water yield has increased by
49.7mm from 1986 — 2011 due to most of the land uses
were changed to cultivation.
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Table 6 Annual hydrology of Gilgel Abay watershed

Year SufQ LaQ GWQ  WaterYield ET P%
(mm)  (mm)  (mm) (mm) (mm)  @m) Vg

1986 2746 26324  996.03 13171 2387 3812 g

|

i i 2000 31222 257.69 952.46 1519.68 251.1 3853 25.75

| ! ‘ 2011 363.91 258.84 961.43 1581.41 2555 3888 2989

: . . . ——_‘\

j J Sequentially base flow separation was done, to determine Sediment yield modeling f
! the portion of stream flow hydrograph that occurs from Sensitivity analysis of simulated sedimen; yield for

5 1 base flow and direct runoff or overland flow. The base  watershed performed using the monthly-observeq s'th fit

! flows of Gilgel Abay were evaluated on monthly basis. ment yield for identifying the most Sehsifive param:(]‘

5 From the total stream flow around 69% were direct runoff  and for further calibration of the simulation of sedimeer
(il and 31% were base flow. The base flow index is also yield. . .

it 0.306. 3
i
| ; Table 7 Sensitive sediment flow parameters o
i -
| ‘: - .0 L] T — |

| | No. Parameter name Parameter Default Calibrated ~ Sensitivity Significance (
llj | value range  value value !
l| n | T . Sooom 0.0001—001 00001 0.0001 1 High "
‘I ' 2 Ch cov 0-1 0 0.8 2 High :?f
I | 3 USLE P =] 1 0.1 3 High ®
i Lo
During sensitivity, analysis of sediment, seven sediment sedijsnteld oy themode vt efaull pasrter osiiss &
Il i il o has reflected relatively weak agreement with the observed i
i parameters checked for sensitivity and sensitive parame- : o L D
i o o sediment flow hydrograph. Hence, calibration had done L
{1 ters identified. From those parameters the first three E e Sadiman ters of SWAT with observed | i
;[ E"; (Spcon, Ch_cov and USLE_P) were highly sensitive and or S;?ISI 1v§‘se 1rtn(e]:n P gre:me e o USSR |
it “ given to high priority for calibration. The simulation of MOntiLy seaiment flow cata. 1 W
' }f. | $h
o :

‘,‘!‘ :,!Tf Table 8 Performance evaluation of calibrated and validated sediment yield i $
il — .
il jffll Performance Calibration Validation | b
Rt " 8 i
‘-2]| H cntena 1986 2000 2011 1986 2000 2011 '% %
LI i | [
| “ NSE 086 0.83 0.79 0.83 0.85 0.75 .
il R 0.90 091 0.90 091 092 087 &
i | RSR 004 0.04 0.05 0.06 0.06 0.07

1 . . : diment
| The calibrated and validated performance evaluation crite- sn?dlment y feld best correlated with the measured sec
yield of Gilgel Abay watershed.

\

|

i ria’s values for the three land use changes (Table 8) were
il | good. As NSE, values are in between, 0.76 and 0.86 that
i shows the model-simulated values shows very good agree-
‘ ment with the observed sediment load, in addition the R?
value was greater than 0.8 which indicates the simulated
| water 12 (1) -

Gener ated by CantScanner fromintsig.com



s

: . ==
Calibration_ _ —+—observed
e l —®—Simulated T
QM ‘// , I \ ‘ [
’M | j §
Ezsﬂ"k '
,,m""o_ 2 L S T i S
1 | T b N \
;:ﬁ -
5: A A G A L 2
: ; o 3 "_;(‘a_—\s‘q \m“?‘ W \'*Qa \3?9 T‘fn&

. ; . ] comparison
. ated sediment yield results of the calibration period (1995 - 2002) using 1986 land use
_sim

)

' Vs
1 f rﬂeﬂs“red
-

i jeld due
i]uﬂtio“ 0 9Ca1ib1’ated and validated sediment yield (Vkm®/year) results of Gilgel Abay watershed
E\ Table

1986 2000 2011 Sediment Change Detection
< m&ed Simulated 1986 -2000  2000-2011  1986-2011

to land use land cover change

e Simulated
g 50749 24215  245.07 34.66 292 37.58
T e 208.42 23119 40.01 2.7 62.78

ot
‘ iod (1986 — 2011) there was v s 27 ren  ren

ears per . .
[({O"CII‘WI\ .ﬁ.v;lmral area by 33.79% causing an in-
¢

yield by 62.78vkm”. These indicated
0 ange has a significant effect on sedm.lenl
ylad 15 . ba watershed. This was due to cultiva-

j wmofGﬂgel A ir);g of soil layer sequentially resulting ]
| layer easily through water especially

&ﬂ raLlSed 100581’1.
of a sol :
erent iods, since sediment transport has a

Gilgel Abay [ |20
iz ek flow per

seo_ouT I [ 2
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Best Sediment management scenario develop-
ment and analysis

According to spatial variability of sediment source a.nd
erosion level identified three different BMP scenarios
were developed and compared according to their eff.ec-
tiveness of soil conservation or sediment reduction using
SWAT model. In the Base case scenario (SO) the water-
shed existing conditions (2011 land use) were considered

Table 10 Summary of Sediment managemant scenarios

as a baseline for the other two scenarigg devel,
comparison. In scenario S1, filter strips p|
cultural HRUs, which are a combination o -
land, all soil types and slope classes. Stone l:::l“vated
signed as scenario S2, by changing the Parametends
of SLSUBBSN and USLE-P files op SWAT r
database table. SLSUBBSN and USLE p ilter

on (.hru) and (.mgt) input tables respectfvely. ifieg

Pmep

aced op all g0

Scemari  Description SWAT parameter wed T
o Puramete mume (upu  Calbaion  Modifed  Performanceof  Sefimay ——p—
file) vahe vahue Validation Ved gy,
Fs] NSE ([!km!hﬂ u
B 0.87 075 Wy
§2  Stooebund SLSUBBSN 0-30% 60&2m  10m
>30% 0.14m Om 0.88 050 B8 93
USLE P 015 01 \
$3  Refarestation 5% of Cultivated, grass lmd and shrob land 0.88 078 14755 361

In Scenario 3, reforestation of 5% of cultivated, grass-
land and shrub lands from the recent (2011) land use cover
considered and the amount of sediment reduction through-
out the watershed estimated and compared with the other
above two scenarios.

The sediment reductions ranged from 21% — 36% for the
different management scenarios formulated during this
study. Reforestation was the best effective method of sedi-
ment reduction in Gilgel Abay watershed. Those BMPs
also have its own role on reduction of sedimentation of the
proposed Gilgel Abay and Koga functional reservoir. As a
result the sustainability of those two reservoirs will be
increased. Hence the implementation and encouragement
of those BMPs is very crucial for Gilgel Abay watershed
development programs. Sedimentation of proposed Gilgel
Abay reservoir will also decreased by 40% with imple-
menting S3 (reforestation) scenario.

Conclusions

Gilgel Abay watershed has experienced a significant -

change in land use/cover over the past 25 years. Defor-
estation and increase of agricultural lands exhibited by
rapid increase of human population, which changes the
whole Gilgel Abay watershed in general, and some sub-
watersheds in particular. Grasslands and shrub lands sig-
nificantly changed to cultivated lands showing an identical
trend for the two consecutive periods.

The changes in land use has resulted changes in stream
flow, in which the expansion of agriculture results an in-
crease of surface runoff, on the other hand, lateral and
ground water flow decreases with an expansion of agricul-
ture. The significant changes of stream were occurred in

water 12 (1)

wet periods than dry periods. The water yield s also
increased with an increase of cultivated Jand.

Sediment yield was dependent of land use/cover changes;
hence, in Gilgel Abay watershed that has showed 5 signifi.
cant land use/cover change implied a change to the
amount of sediment yield flows out of the watershed, Asa
result, the sediment yield increased from year to year dur-
ing the 25 years period due to a conversion of shrub lands
and grasslands to cultivation. Over 25 years period (1986
- 2011) an increase of cultivated land by 33.79% resulted
in an increase of sediment yield by 62.78Vkm’. Generally,

sediment yield has showed a direct relationship with cultj-

vated land as a result the sediment increased from year to
year.

Sub watersheds 29, 30 and 31 were identified as more
potential sediment source areas (highly erodible). Those
sub watersheds indicated that, it requires attention for bes
management practices in the watershed. Reforestation was
an effective means of watershed management in terms of
sediment reduction. Moreover, filter strips showed
24.73%, reforestation 36.18% and stone bunds 21.36%
sediment yield reduction.
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ABSTRACT

Intensive sampling of water quality variables on many locations is prohibitively expensive. chhmques usIng remotely
sensed images have become increasingly effective in estimating the most common water quality variables in the Lakes,
The purpose of this study is to derive the water quality indicators of the Lake Tana from 1h'e recently launched LandsaF-g
satellite images using in-situ measurement and hydro-optical inversion modell. Radlgmelnc measurements.were carried
out in September 2013 which is at the end of rainy season and the water quality variables were measure_d in Septen}ber
2013 and in April, May and June 2015. The Hydrosat inversion model is selected for this study.and modz.ﬁed lo retrieve
the water quality indicators of Lake Tana from Landsat-8 satellite images. Also an alm.osphenc correctmr.] sgheme for
Landsat-8 has been developed. Results of this study on applicability of Landsat-8 for retrieval of water quality indicators
are promising. The field data has been used to calibrate and to validate the derived inherent optical properties (IOPs) using
calibration and validation of geophysical observation model (GeoCalVal). The specific inherent optical property (SIOP) of
suspended particulate matter (SPM) of Lake Tana has been estimated. The derived backscattering coefficient of suspended
particulate matter (SPM) and the absorption coefficient of detritus and gelbstoff with the measured concentration of SPM
have shown linear relationships with R-squared value of greater 0.7. From this study it has been able to investigate the
time-space distribution of the water quality indicators of Lake Tana for four seasons. The study has shown that the most
dominant water quality variable which predominantly affects the IOPs of Lake Tana is SPM.

Key Words: Lake Tana, Landsat 8, Water quality indicators, Hydro-optics, Remote sensing

modelling (Gordon et al., 1988b), which aim to describe

Introduction the relationship between remote sensing reflectance and

The sustainable management of fresh inland water sys-
tems requires the regular monitoring and assessments of
its water quality. However, the conventional water quality
measurement techniques are limited in their spatial and
temporal coverage, expensive and time consuming. Meas-
uring the water quality of inland lakes requires systematic
advanced instrumentation. Using remote sensing based
water quality data in conjunction with accurately meas-
ured field water quality data give reasonable and accurate
optically significant constituents of water (Dekker et al.,
2001; Salama et al., 2009). To determine the existing sta-
tus of water quality and to avoid the future water catastro-
phe, assessing and monitoring water quality using remote
sensing in conjunction with in-situ measurement plays a
significant role (Salama et al., 2009).

Remotely sensed data provide synoptic information of
water quality at high temporal frequency (Salama et al.,
2009). A derivation of inherent optical properties (IOPs)
from remote sensing reflectance is commonly based on

water 12 (1)

the inherent optical properties (IOPs). 10Ps of natural wa-
ters including absorption coefficient from water mole-
cules, phytoplankton pigments, detritus and dissolved or-
ganic matter and backscattering coefficient from water
molecules and suspended particulate matters are the most
significant parameters governing the light propagation
within the water column (Lietal, 2013; Maritorena et al.,
2002; Salama et al, 2009). Morel and Prieur (1977)
showed that the water leaving reflectance is directly pro-
portional to the backscattering coefficient and inversely
proportional to the absorption coefficient.

Besides the remote sensing water quality data, field meas-
urement is necessary to validate the adapted hydro-optical
model. The field data is useful to assess the acceptable
accuracy of the derived IOPs from hydro-optical inversion
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Atmospheric Correction

At the top of atmosphere the total reflec

of several components (Gordon, 1997).
Where (P) is the total re
Tepy is the £3aseous trang
fuse lransmittancc, Pagiy
molecules scatlering,
tance and p,, is 1t

lance is the result

flectance received
Mittance, T

1S aeroso|

by the sensor,
vy 1S the viewing dif-

_ Scatlering, Priyis air
Pty 1S the surface specular reflec-

1€ water leaving reflectance. Top of

=
Py =g (Pugzy Pyt L, oyt Py

atmospheric reflectance s obtained from Landsat-g imag-
es. Air molecules scatlering is computed from Gordon et
al. (1988a) approach. The surface specular reflectance was
neglected since only about 2% will be reflected

(Preisendorfer, 1976). Gaseous transmittance can be cal-
culated from Goody (1964) and Malkmus (1967).

The diffuse transmittance was approximated by using the
model of Wang (1999). The water leaving reflectance (p,,
ay) is resulling from the interaction between the light and
the water quality constituents in the water column. The
water leaving reflectance was derived by following the
method of Salama et al. (2004);Salama and Shen (2010)
and Salama et al. (2012b) as;

]

The aerosol reflectance can be estimated by taking the

Pra)

T:'(}_)pu'(;_) ( —(pr().)+T\'().)p_\fc(/'.)))_pu(i.)
£(2)

aerosol ratio between the short and the long wavelengths

and its value can be computed from the correlation be-

tween the corrected reflectance of band s and 1 (Salama et

al., 2012b) of Landsat-8 as;

pa(s)

< —
(s.7)
/C a(l)

5 8
=cot[0.5tan™ (—%—
¢, ¢,

55

)

Where s
is the short wavelength (865nm); | is the long wavelength
(1610nm); and C is the correlation between corrected re-
flectance of s and | bands of Landsat-8. The .C'value of s
and | bands can be obtained from the statistics of the
bands in ENVI + IDL. The aerosol ratio €, can also bfi
extrapolated to find €y for any other wavelengths (1)
(Salama & Shen, 2010) as;

E (s
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The purpose of atmospheric correction is to ;
(/=i)  water leaving reflectance.

etrieye the |

&

() i<
for s <l where

The water leaving reflectance for other bands of Landsat-8  The IOPs were derived by inverting the Semi-analytj,
was computed as; model (Gordon et al., 1988b) and following (he mat :‘ﬂ
' inversion method of Hoge and Lyon (1996) ang Wan ¢
Pety = Puy * €0 al. (2005). To determine the unknown values of he vy
(s,) quality indicators the entire equation presented in Tabje ; 1

Tv(i) is written in matrix form as;

Ein =€ P (/-5)  Deriving the water quality indicators

Py =

Py
Py = T —(Pis +T,0,Py)

Where i
thp corrected reflectance (Salama & Shen, 2010)

-

= ¥
(bhun xﬂh t a'tll))

04, b2l Tl T deqyy
Sﬂ“ﬂﬂ) + 0- s S;)a.-u:} Eﬂ(—z(ﬂ —0_44)) (E) I.’l‘u-h - (bh'(u'] * Iy + a'l'|l!))

S 05y S04 Y o5

[ 04
Yoio ||S8,_, +0-S)a__, epl-s(i-044) & %
LAY

et

Table 1 Equations to denive the water quality indicators
Equations References

(Gordon et al, 1958b)

b b,
Rn(l) . ga( =2 )+'g1( 2 )2 : Rrs is remote

ag, +b,,, ay,, +b,,,

sensing reflectance; g, and g, are equal 0.0949 and 0.0794. by and a,,
are bulk backscattering and absorption coefficients.

bom 1
Uy = and X ,, =1-— .
Feny & bm) Yy

. (Pope & Fry, 1997),
a..=a +a +a Bulk absorption coefficient
@~ Guz) T Apaay T Dyg(a) Bulk absorption Gad: | Mobley, 2004) or (Smith

subscripts w, ph, and dg are for water, phytoplankton and detritus and & Baker, 1981)
gelbstoff respectively.

Apnay = Aphg asy (s A picoay T (1 = Sf)aniau(z)) Absorption B
coeffictent of phytoplankton (a,), 3., and a_,., are provided in Ciotti et
al. Q002), Sr1is the size parameter between zero ard one.

Aagay = Dageoaay exp(—s(A —0.44)) 5 is the spectral e .
(Wang et al , 2005), (Babin
et al, 2003);

exponent ranging between 0.008 and 0.03

bau) = bb.u(z) T bb.spm{z) The bulk backscattering coefficient the

subscxipfswandsmareﬁ!rwaterandsuspendedpalﬁculaﬁemaﬂﬂr;

b (Salama & Stein, 2009);

" CEN —
b spmy(0.4) 1 Where 0.4 is wavelength m pm_ Y is (Wang et al | 2005)

bapm(2)
spectral slope and it value in between 0 and 2.5

water 12 (1)
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lects ii:l thermal infrared re
resolution. Existing cloud fre

gilon with 100-meter spatial
€ images of path 170 and raw

052 were  download
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glovis.usgs.gov/) and were processed in ENVI + IDL.

Oon
jlect! . carried out 2t the end of R .
P ments WS 013 and in April, May and esults and Discussion
[

mo were selected based on . ]
b daysS passes OVer the lake Atmospheric correction

ystﬂso5 T sal:sl dsat- les were col The Hydrosat
j *er PASS M. Water samples we F ydrosal atmospheric correction method was applied
0A. e (TSM), Turbidity and  to the Landsat-8 image afier implementing the ﬁrslpgrder

wjlness aroul (lje 4 ma ) ]
suspen The cadiometric and CDOM  haze correction. The first order haze correction has been

.: [,;dra i ana[yslsér med u?ing TriOS-RAMSES; done by removing the resulting reflectance of cirrus band
;3 'éﬁwl’“yaﬂcs were :nt Sensor w|t'h Enhanced Spectral  from the top of alm(?sphere reflectance of each other
i ﬂgﬂ“"zﬂ; s ure e spectror adiometer. bands. The atmosphenc corrected and the in-situ reflec-
i (K“mu-on) erspe . tance are well fit in green, red, and NIR bands than deep
i Rﬁamﬂﬂ ¢ collection ' blue an_d blue bands. Therefore, the Hydrosat atmospheric
1 gglﬂ“m o launched satellite which consists correction method corrected well the bands from green 1o
;- s (he rece 5 erational Land Imager (OLI, 9 NIR. The accuracy of Hydrosat atmospheric correction
g, Bﬂdsj[ensﬂrs pame ’hermal [nfrared Sensor (TIRS, 2 method was evaluated through the comparison between
DﬁwaIszm &) and T [ cover the visible, near-Infrared  the derived atmospheric corrected water leaving reflec-
| ;pcfg; pands) Th\;’ave IR (SWIR) portions of the elec- tance from the image and the measured water leaving re-
; 'Lf;[ﬂ)aﬂ hoc?mm From OLI bands 8 bands are ac-  flectance and the result is presented in Table 2.
(" " efic SPE ;i

5
Dﬂmﬂgnetw P _patial 7650

g ; quired at 15m spatia
o

[ution and the panchromatic
| resolution. The TIRS col-

Je 2 Relation between Atmospherc Comected and In-situ Measured Reflectance

Tab
m"—— Wavelength (nm) No.Samples  slope intercept ~R*  RMSE [ratio]
! ..mq"'"_tﬂs 9 0.171 0108 081 0075118
Band 2 482 o 0.173 0.1 0.84 0.05701
Band3 566 9 0.114 0.131 0.79 0018434
: Band 4 655 9 0.107 0.145 0383 0016246
I Band 5 865 9 0228 0028 082 0005548

Where proag, is the top of atmosphere reflectance, pwsean)
is water leaving reflectance measured in the field, py) 1s

e(s, 1)
aerosol reflectance at the longer wavelength, is
aerosol ratio. For the verification of Hydrosat atmospheric
correction equation the new delta (0) value has been in-
troduced. The verification has reduced the RMSE more in
deep blue and blue region than the other regions. There-
fore, the delta (0J) can only be used for the blue to green
region of the spectra.

Water Quality Indicators

Tocomect for the atmosphere residual, the difference be-
tieen the atmospheric corrected reflectance and the in-situ
maswred water leaving reflectance was computed and
ted. From the fit curve equation, the delta value (0) for
:ﬁﬁgzn": has lla)een computed. The obtained delta value of
i metho:im:o 60 tt)l:nfed into Hydrosat glmosphenc correc-

ain the atmospheric corrected reflec-

(e fOl‘ the entil‘e L "
| andsat 8 _
® computed from; image. The delta (O) has

e

log (pﬂ(i)_-_pwﬂeldm - 0.0011 * 1-4'94)

: After verification of the Hydrosat atmospheric correction
ﬁ(j].. Payy method the IOPs have been derived from the entire image

e data. The 10Ps of the constituents can be linearly related
lo gs(s, l) to their concentrations through the specific inherent
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optical properties (SIOPs). The specific inherent optical
property (SIOP) of SPM was computed using GeoCalVal
model (Salama et al., 2012a). Derived backscattering coef-
ficient of SPM at 443nm and the measured SPM concen-
tration data have been randomly divided into Calibration
(Cal) and Validation (Val) data sets. The Cal data set was

d to derive the specific inherent optical Prope
SpM at 443nm and the Val data sct was used Check&?
e

use

validity of the model to derive 1OPs. The mean R Quareq
slope (SIOP), intercept and mean absolute errop (MAR:
computed from the model have been presented iy, Table 3

Table 3 Calibration and Validation outputs

R square (R%) Slope (byspm*(443))

Intercept Mean absolute Error (MAE)

by,spm(443) 0.72 0.0091 (m“/g)

0.5766(m™) 13.57 (g/m’)

The concentrations of water constituents can be retrieved
from the IOPs knowing the specific inherent optical prop-
erties of these constituents. The derived SPM concentra-
tion versus the measured concentration was correlated
with R? value of greater than 0.7. Therefore, there is a
linear relationship between derived and measured concen-
tration of SPM.

For the spatiotemporal analysis four Landsat-8 images of
the dry season, the peak rainy season, the end of rainy
season and shortly after the end of rainy season have been
selected and evaluated. The presence of suspended and
dissolved matter in the waters increases both the scattering

and absorption. Morel and Prieur (1977) studied thay
increase in backscattering increases the water leaving re.
flectance more or less uniformly in every part of the spec-
trum. However, the increase in absorption decreases (he
water leaving reflectance. The backscattering is from the
water molecule and suspended particulate matter, and the
absorption is from the water molecule, detritus, gelbstoff
and chlorophyll-a pigments. Furthermore, in the infrared
region the water absorbs predominantly and the resulting
scattering is due to the presence suspended particulate
matter (Salama et al., 2009).

&, (asm) in o) (24 Sty 7013) -

Figure 2 The absorptionof detritus and gelbstoff at 44 3nm forthe images of eriod, peak rairny season, end of
rainy season, and shartly afierthe end oframy season fromleft to ﬁgu% dry period, peak rainy

water 12 (1)
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| i“‘ﬂeﬁm 10Ps (5

g

; Wﬁng coefficient of suspendedparticulate matter of L.
A akrainy season, end of rainy seasonand shortly afterths end o fr

"[mrlllsiOﬂ

ol originally developed to derive th; water
bl from Landsat Enhanced Thematic Map-
st ETM) has been modified to retrieve the

ity indicators from Landsat-8. The original Hy-
| wousidered the reflectance from four bands of Land-
' ¢l lree in visible and one in near infrared (Salama
14 012). While in addition to shortwave infrared
) and cius (band-9) of OLI bands, which have
f wist natmospheric correction process, the modified
“!Mconsiders five Landsat-8 OLI bands for the wa-
Halyeieval, four in visible and one in NIR. There-

: ".W}dsal-ll has been found reliable to derive the water
|

L hdeaors of the lakes and it spectral setup has

:-7er " daracy of 10Ps retrieval. Newly added

gy, Used to derive the water quality indicators
anbe useq for the first haze correction.

%hﬁm oy w and by ) and measured SPM con-
gy a strong linear relationship with R?

3 Owever during rainy season the
i"'ﬂdcem bsorptio ]

n of detritus and gelbstoff with

-f%t'ne&m anconcemfﬂﬁon is weak; and the phyto-
,mﬁpticauy i © neglected. Therefore the most im-
The iy, tieant constituent of the Lake Tana
gpy t *d specific backscattering coefficient
‘»‘:&‘l.z(l) om (443) of Lake Tana is 0.0091m?/g,

.TJ;,

ftke,]_"a_ng for four differempeziods.Dry
amny seasonfromleft to right.
The estimated value of SIOP of SPM at 443nm has been

considered as spatially constant and resulted in reliable
retrieval of SPM with R? value greater than 0.7,

The time-space distribution of the water quality indicators
of Lake Tana has been investigated for four seasons. The
absorption of detritus and gelbstoff is high along the lake
shore and the backscattering coefficient of SPM is low
across the lake in dry season. In peak rainy season the
IOPs are distributed within the same pattern across the
lake and their higher values are observed along the lake
shore and in the rivers outlet area. At the end of rainy sea-
son the absorption coefficient of detritus and gelbstoff is
high across the lake and the backscattering coefficient of
SPM is high in the west part of the lake. Furthermore, the
IOPs are distributed across the lake with the higher value
in the northern part shortly after the end of rainy season.
The study has shown that the most dominant water quality
variable which predominantly affects the IOPs of Lake
Tana 1s SPM. The main source of SPM in Lake Tana is
the sediment load from the tributaries and from the ero-
sion of the agricultural land around the lake during rainy
season.
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'L tin failure,
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m'gﬂp[:l']e :ype, ranging from small microvear.th dams llo
| :mchsECh as that or the G‘mnd Ethiopian Repa.ls-
Wiy RD)-_ Despite their purpose of retam'mg
{ eti)e}(cessi:f:?rvmrs, dams have large risk when fm\c.d

s nclr(;ﬂow or seepage through the body. ThlS
P ¢d for dam break pre-event analysis to
i duWnslream nmch Parameters, Qutﬂow magnitude a.nd
% can he atur.e of propagation, so that preventive
5'Pf'revemd Bt In place to avert catastrophic damag-
'E“Iiupia am failure analysis is not common practice

; 3 1S Culture need to be changed. This paper
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& DY applying wel| known dam breach analysis and

REACH. A probable max;-
que and a value of 2,840m?s hag been

0d s iping failure mode
ze. A combination of piping elevation of

drograph
uted downstream with the 1D-Nood routine
>

ith the models HEC-GeoRAS. The obtained inundation
and the sugar cane irrigation farms are at risk

d’s techni

ailure and giv

presents dam break analysis for Kesem Dam. Kesem Dam
1s chosen for this analysis because some early indicators

of dam failure such as seepage of water on downstream

side of the abutment are seen after construction of the dam
is completed.

The dam has been tested for a possible failure under dif-
ferent failure scenarios and modes using the dam break
model BREACH. The output of BREACIH model is a dam
break outflow hydrograph. As a second step, the outflow
hydrograph is routed downstream using the 1D flood rout-

ing model HEC-RAS to determine extent of downstream
flood inundation.

Description of the Study Area and the Dam
under Analysis

The Kesem Dam and Reservoir is located in Awash. Fen-
tale Wercda and Zone 3 of the Afar Regional State in the
middle sub basin of Awash River basin, Fig,ure l: Kesem
Dam is a rock fill embankment dar;1 and is designed lo]
accommodate a full PMF 0f 9.237m’/s and the MFL leve
is 939.5m a.m.s.l. (WWDSE, 2005).
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Figure I: Lo-
cation map of the study area
Methods 207 + 9Q_ gl=0
b at dx
The models used in the whole course of study are: Digital
Elevation Model (DEM) with 30mx30m resolution,
ArcGis9.3, HEC-RAS. HEC-GeoRAS, BREACH model, Conservation of momentum,

among others.

Estimation of PMF

Initially primary and secondary data have been collected.
Hydrology of the catchment is studied to determine the
probable maximum flood (PMF) using Hershfield’s statis-
tical estimation method (WMOQ, 2009) and unit hydro-
graph concept and finally PMP of 2,840 m’/s has been

computed.

Breach Analysis

The model BREACH simulates both overtopping and pip-
ing mode of failures separately (Fread D. , 1991). The
model can predict size, shape and time of breach for-
mation. It is developed based on the principles of hydrau-
lics, sediment transport, soil mechanics and it considers
dam geometry, reservoir characteristics and dam material
properties. When checked for overtopping failure using
the model BREACH, the dam could safely evacuate the
flood through spillway. For the case of piping failure, an
elevation of 888m a.m.s.1 gives the worst failure condition
in terms of both breach size and outflow hydrograph. All
results and discussions are given under section 3.

Flood Routing

The breach outflow discharge is routed through down-
stream channel and flood plain using the model HEC-
RAS. The model applies Saint Venant’s implicit finite
difference solution for unsteady flow. The basic unsteady
flow equations (Brunner, 2002) are:

Conservation of mass,

water 12 (1)

at 6;V+gA( +Sf)=0

The geometry data required are initially extracted from
DEM using HEC-GeoRAS at a pre-processing stage. Set-
ting up all data such as boundary flow conditions, initial
flow condition, and manning’s roughness coefficient the
flow is routed on HEC-RAS and results are exported back
to HEC-GeoRAS to produce different maps like areal ex-
tent, depth and velocity maps.

To estimate the manning’s roughness coefficient of river
channel, the size and distribution of boulders and the type
and density of trees within the channel examined during
field visit and have been correlated with standard tables
such as, Chow, 1988 and appropriate values have been
estimated. For the upstream boundary condition the flow
discharge through the dam breach is used. For the case of
downstream boundary condition, normal depth of flow i
adopted.
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Breach Modelling

gjons dam Both overtopping and piping failure modes were checked.
dpisclls . flowing to the The PMF could safely be evacuated through the spillway
of pM and no breaching was observed. Hence, the dam is safe

fn

against overtopping failure. The dam could potentially fail

verage rainfall Co;ﬁ:::g u:?t' due to piping flow emerged at different elevations. After

aredl A on the !.’CP“:S k discharge conducting sensitivity analysis, the dam fails giving the

":;wﬂ B eohnid”™ oA with pea his giv-  Most catastrophic flood at piping elevation of 870m
! he total hydrograph 1S & ams.l. The reservoir water discharges out with in 5.34hrs.

As shown on Figure 3, after 1hr, of seepage, piping flow
is developed and further erosion continues and overburden
material above the pipe collapses at 1.57hr. The following
table gives a generalized output of the model. An outflow

hydrograph with peak value of 92,000m’/s is obtained,
Figure 4

o ydrograph of the Probable Maximum
bR od (pMF)
Table 1 Major Output of the Model
i ipti Unit uantity
/JWT Unit | Quantity Description nit | Q
Desc
[ m 275.17 | Peak ocutflow m3/s | 92.037.88
Tgp Widlh |
"""_W"cft_h_’_ m 27.23 Total failure time hr. 6.09
Bottom VY1 7
m 85 Time to peak hr. 241
Depth
Elevation | m 0.00 Final elevation of water surface | m 30.54
Bottom Elevatio :
‘l Side Stope m/m 1.46 7 _
| e e IR = ~FrontalView ———— S T
L fCross Sectional View — =~

i
1.
F

5
i . Pattam represents deterlorating breach

|, E Color raprasents ofiginal extent of dam
linot by seen until arosion begins)

mﬁmms dam 33 viesed (rom doenriream

Roprasents eXer upFiresm of tha 43m (i reservor)

7 Reproserds water downgiream of the d
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Figure 4 Total Outflow Hydrograph in m”/s
Flood Routing and Mapping

The peak outflow through the breach is routed down-
stream and cross-sectional outputs showing the top water
surface extent, its elevation and velocity distribution are
obtained, Figure 5. The velocity reaches up to 17m/s along
the river channel since it is a well formed route with lower
value of manning’s coefficient and at the adjacent sugar
cane plantation which has n value of 0.04, it gradually
decreases up to 3.0m/s. The velocity at any location is
shown on figure 6.

-y

T |
| A — i
; ;
i ;
g ;
; : g
Hash = oilic. - == £

Figure 6 Velocity Map
Figure 7 General Profile View throughout the Reach

Water depth along the channel varies from 64m at imme-
diate downstream of the dam to almost nil at downstream
end of the study area, figure 7. This is because the cross-
section at upstream end is narrow and deep whereas it

water 12 (1)

—]

goes wide and shallow towards downstream end. The ve.
locity also decreases to a value less than 1m/s and it cay
be deduced that the flood impact and risk is minimum 4
downstream end. The maximum water surface area Map
given on figure 7 (A) indicates that all infrastructures op
the right bank and the irrigation farms on left bank panily
are inundated and the total area flooded during the may;.
mum {lood time is 316.31Km’. The flood is

highly concentrated around the confluence of Kesem Riv-
er with Awash River. This is because of the plain nature of
the topography at the mouth of Kesem River. The flood
then joins the river Awash and flows within the channe]
with overbank spills for a distance of around 40kms
downstream until it attenuates.

Depth of flow at any location is given on figure 7 (B). The
depth of flood in the factory compound for instance ranges
from 0 to 20m. The downstream side of left irrigation area
is flooded with a maximum depth of 12m whereas the
right side farm and resettlement villages are inundated
with average depth of 8m. The flood continues with aver-
age depth of 6m up to a distance of 30km downstream
from the confluence point of the two rivers and it dimin-
ishes to almost negligible depth. highly concentrated
around the confluence of Kesem River with Awash River.
This is because of the plain nature of the topography at the
mouth of Kesem River. The flood then joins the river
Awash and flows within the channel with overbank spills
for a distance of around 40kms downstream until it attenu-
ates.

Depth of flow at any location is given on figure 7 (B). The
depth of flood in the factory compound for instance ranges
from 0 to 20m. The downstream side of left irrigation area
is flooded with a maximum depth of 12m whereas the
right side farm and resettlement villages are inundated
with average depth of 8m. The flood continues with aver-
age depth of 6ém up to a distance of 30km downstream
from the confluence point of the two rivers and it dimin-
ishes to almost negligible depth.
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pydrograph decreases downstream
O;ﬂ;og};aph flatten, Figure 9. The flood
fe) te at about 75kms from the dam
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—11.7 km
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ﬁgmeg;ﬂgod hydrograph at different stations down-
stream of the dam

Cunclusions and Recommendations

Conclusions

Tie dam is safe from breaching out due to overtopping
filure mode.

The dam breaches due to piping mode of failure and a
usrophic flood with peak outflow of 92,000m’/s passes

“}m“fl the breach for a piping elevation of 32m above
fver bed,

Elhe breach outflow inundates an area of 316.31km*. The
?}h"f the flood ranges from 0 to 20m on the flood

!:Ya: end goes up to 64m within the channel. The veloci-
&3 from 0 to 16.69m/s.
The

il _
Wi Bt side irrigation farm at downstream of Saburie

ry s
S totally inundated whereas the left side farms arc

Witey 12 1))

CGener at ed

par}ly flooded. All resettlement villages are drowned
while some of part of Saburic town is submerged.

Recommendations

This research can be refined by using actual surveying
data or high resolution DEM data.

The results of this study can be re-checked using different
dam breach and flood models with higher accuracy and

strong computational algorithms, such as 2D and 1D-2D
hybrid models.

A safc way drain should be provided for the seepage on
immediate downstream abutments

Flood damage analysis for the factory, villages, and irriga-
tion farms should be done.

Safety of the dam should be monitored at different times
and remedial actions have to be made on identified prob-
lems.

Flood protection dykes should be implemented to protect
downstream infrastructures.

Emergency Action Plans (EAP) should be set in order to
evacuate people potentially at risk.
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Absgract igation 8 the application of a limited amount of water 1o the ¢ro

(2 limi . P When rainfall fails to rovide suffici
ente wih to increase and stabilize yields. The experiment w - ool
It 0

as carried out over two cropping seasons (2011
st o plﬂntgr adaptive irrigation resfca.rch center, in North Eastt_‘.m Amhara. Mean annual rainfall in the area is 630
“al;ém al Ko?; Jble year-to-year variation and an average effective rain fal] of 232.4mm in the
e o consider

) . o _ growing season. The
o ¢ loam with average filed capacity and permanent wilting point of 17.57% and 12.3% on
gt sl

et : . volume basis accord-
A pH value of 7.8.. Seven lrea;lmenls lﬁelree t;S\ e r}’vlll ?BD exptrlmental-des.lgn with lhrge replication. Statisti-
ingb'“q o apP“c d usmg S AS -50 ware stthe e ec‘s 0_ lrcalmc.nls on gra.m yield, head weight, water productiv-
Ly g1 " imental analysis mdicalfad that there was a .Slgn.lﬁcam‘ difference in head weight, grain yield and water
y he ¢ As observed in the experimental years the grain yield widely ranges from 5.397 ton/ha 1o 1.53 ton/ha. Sup-

duch.wwﬁ,e ROPWAT generated depth (100%) starting from development stage at optimal time of application gave
an?mml qtalk biomass of 11 ton/hflz\ and grain yif:ld 5.397 ton/ha and it had a maximum yield advantage 2.874 ton/ha
e highes! i the controlled system in 2011 cropping season. In the second year supplementing the CROPWAT generat-
o MTOO ) starting from development stage at optimal time of application with a seasonal water amount of
i depth ;a d a yield advantage of 1.607ton/ha compared with supplementing of the CROPWAT generated depth (100%)
di?l:gﬂ d stage (supplementary of 226.5mm seasonal water) at 8 days interval. This researc

h finding recommended that
mentary irrigation starting from Development Stage (20 days after sowing) is better during development and mid
su .

segspon Stage at 8 days interval.

Key words: Supplementary Irrigation, Irrigation requirement, Irrigation schedule, CROPWAT

: sever. Due to these; moisture stress is the major limiting
Tntroduction

factor for crop production which highly reduces the crop
The Ethiopian economy is based on agriculture. It is also  Yield in the moisture stressed areas. Sorghum is an im-
te souee of income for about 80% of the labor force in  portant food cereal crop used and the major produce crop
Ebiopia (Bewket and Conway, 2007). Natural rainfall is  in rain fed agricull_ure in the Easter Amha_ra Reglon partic-
the major source of water for agriculture. Assessing sea-  ularly in Kobo Girana \'al\ey,‘where rainfall is nollonly
sonal or dekadall rainfall characteristics based on past low or not enough for prvoducnon but also \'i}nable, it be-
fecords is essential to evaluate drought risk and to contrib-  gins later and ceases earlier. It stops for certain days in the
e o development of drought mitigation strategies such

growing period as major contributor for yield reduction.
™ Supplementary irrigation. Rainfall variability has been ~ Asa result of such problems, fa?.rme‘rs have been continu-
®ported to haye significant effect on the country’s econo- ously affecting with sever grain yield shortage through
',:y and food Production for the last three decades. There  their traditional agricultural practices.
a ] . -
ci;:(;[’e;n feports of rainfall variability and drought asso-  Aq (he Amhara Regional State Government is emphasiz-
vy o Shortages (Tilahun, 1999; Bewket and Con-
.B‘Y$ 2007) In

ing on developing irrigation-based agriculltu?e.to attain

"0 in Semiar; i Bt determines crop produc-  food security at household and State }evcls,rnt 1sd1m;:_ozagn’
tan e 1, am ooy Africa is the distribution rather ypy appropriate technologies are available for adoption by
Vg e iollcllm of rainfall, because dry spells Strong-  ype farmers.
g, QZ&HS;: } (Barron et al., 2003; Segele and Lamb,
Iitig ofNOrthemsEer{’ 2(_]04)-Water scarcity is a character-
i Ftticylay)y, - thiopia, such as North - Eastern Amhg-

¥ n Kobo Girana Valley water scarcity is
Watey 1b) (1)
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One of the approaches taken as a counter measure to the
lunprfadictability of rain and to overcoming such problems
1s using Supplementary Irrigation during the rain fed agri-
cultu_re season. Supplemental irrigation (SI) is a highly
efficient option to achieve this strategic goal by providing
the crop with the needed amount of water at the required
time (Oweis and Hachum, 2001), Supplemental irrigation
is defined as “the addition of a limited amount of water to
otherwise rainfed crops, when rainfall fails to provide es-
sential moisture for normal plant growth, in order to im-
prove and stabilize productivity”. Unlike in full irrigation,
the timing and amount of SI cannot be determined in ad-
vance, because the basic source of water to rainfed crops
is rainfall, which is variable in amount and distribution
and difficult to predict (Oweis et al,, 1999). Alleviating
soil moisture stress during the critical crop growth stages
is the key to improved production. It was concluded by
many authors that avoiding drought, through early flower-
ing and maturity, was the main factor underlying higher
seed yield under severe drought conditions.

In this area supplementary irrigation (SI) is necessary for
the increment of sorghum grain yield & enhancement of
food security. Therefore, the research was proposed to
quantify and set both the required net Irrigation require-
ment (depth of water) to be supplemented in the moisture
stress period and the time of water application (irrigation
schedule) during the rain fed agriculture and to increase
water value and crop productivity.

Materials & Methods

The experiment was carried out over two cropping seasons
(2011 to 2012) at Kobo agricultural irrigation main re-
search station at Kobo District, in North Eastern Amhara
(12.08° N (latitude), 39.28° E longitudes and at an altitude

: . .- Area s 63,
mm, with considerable year-to-year variatiop, Such py;
In

fall variation results in a range of conditions unde, whi
the use of SI is 2 useful option with which to improve a;;'
stabilize yields. There was an average effective ry, fall of
232.4mm in the growing season. But this amoyp of raip
fall didn’t full fill the crop water demand in the growin
season. The soil type in the experimental site js silty ¢l
loam with average FC and PWP of 17.57% and 12.3y, 0,{
volume basis accordingly. The site is characterizeq b
average infiltration rate of 8 mm/hr and pH value of 78,

Sorghum (Teshale Variety) has a growing periog of
120days used as a test crop. Fertilizer rate DAP 100kg/ha
at planting and urea fertilizer 111kg/ha (36 at planting and
75 at knee height) was added. The experiment was laid oy
in simple RCBD design in three replications with exper.
mental plot size 3m by 6m. Totally six treatments were
tested in the 1¥ year while in the second year including
one treatment added, user adjusted, seven treatments were
examined. C-controlled (treatment under rain fed cond;.

tion no supplementary irrigation. Five supplementary ii-

gation levels (S1-S5) in different growing stages were

determined through using CROPWAT 8 soft ware pro-

gram and U-daily user adjusted treatment. Irrigation water

was applied to the treatments using siphon tubes in furrow

irrigation system, which was equipped with time duration

to measure the amount of water applied in each furrow.

Table 1: The supplemental treattmentsin the experimental area

Sno Treatments Total crop water Effectiverain fall Seasonal irrigation
: requirement (mm/season) requirements
(mm/season) (mm/season)

1 Controlled (ram fed farming) (C) 2324 2324 0

2 Supplementing the CROPWAT 658.70 2324 3306
generated depth (100%5) starting
from DSt (S1)

3 Supplementing the CROPWAT 563 2324 4263
generated depth (100%5) starting
from DSt at 8 daysinterval (52)

4 Supplementing the CROPWAT 336 2324 3162
generated depth (100%) starting
fromMSt at 8 daysinterval (S3)

5 Supplementing the CROFWAT 548 2324 3042
generated depth (100%) during D3t
& MSt at 8 daysinterval (S4)

6 Supplementing the CROPWAT 458 2324 2265
generated depth (100%) during MS$t,
at 8 daysinterval (85)

7 User adjustrert (U) 417.7 206 211.7
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own as water use efficiency,

al ' ;
’the ratio of crop yield per unit area, in

Result and Discussion

l_ Al transpiration (mm), and
4 “jl Enﬂl. cl’OP evapo ’ was ment
“L li‘deti g tof 4in or biomass per m3 of consumed nt effects (Table 2). Even tho
BP0 g0 g . , amount occurred i ugh the actual rainf: \
,ﬁiﬂ$¢da5_ ”d water. Statistical analysis of the data  term m in the second year was le e
.’ alﬁ‘“wlm z of variance (ANOVA), using the SAS  fects thean value, more amount existed at % _ll'_ian petng
; l“isu[:iﬂd aﬂal}is"t pe effects that season, SI had on grain Fuﬂher?ngro“nh performance and became ;’t“tl':lldStage o
; ) < . 0 . . un
ot 10 _“"m ss, and Water productivity. s re the grain yield and yield com One BroyC
”dswlkblo ey year were highly affected by th sl
M sta 0 = € 0cCC
f arer disease at development stage. TtSite 106
sis of variance
T,!ﬂ'z: posy Degree of freedom M
§ource of AL Sdare
vaﬁa"ion Grain :
/ yield Stalk biomass Water
: productivi
L Fagheto - 7818 - . L.AI8 ST
3 iat 5 1.2255 3. 664* g
iy Twnﬂn 1 59 = - 0-095 8‘t
_ your 6017 126.875** 2 4701%*
4 qeatwent’YSH ; . 8-3915 1.165 0.0196
; frrot A48 1.105 0.0196
£‘. combined analysis of variance for both years showed of 226.5mr_n seasonal irrigation water) at 8 days interval
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Conclusion and Recommendation

Supplemental irrigation is a feasible option that can be
used by farmers in the Kobo area to increase and stabilize
their rain fed sorghum production. The application of sup-
plemental irrigation can also help the crop escape critical
stages particularly terminal drought or moisture stress. As
a result areas like kobo which have problems of rain fall
distribution and occurrence (late on set and early off set)
and accesses to irrigation can increased their yield by sup-
plementing irrigation starting from crop development
stages.

However, in rain fed areas comes at a cost. Therefore,
economic studies are highly recommended in order to
evaluate its feasibility and to identify any constraints that
might affect its implementation .
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