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— editorig)

Dear Readers:

Wate_‘r IS among the vital natural resources that are es-
sential for human survival and economic development.
Utilization of this resource without considering the issue
of sustainability is becoming unendurable.

Arb_a Minch Water Technology Institute, now Arba Minch
gn/verSIIy has been organizing annual symposium on

Sustainable Water Resources Development” since 9
years. This proceeding contains 21 selected papers that
have been presented in the &" cycle of the symposium
that was held on October 4-5, 2004,

The papers fall under the broad categories of hydrology
and water resources, irrigation, water quality, hydro-
power and reservoirs, watershed management and
agro-meteorology. Hence issues related to sustainable
water resources development are directly addressed by
the papers.

It is our utmost believe that this proceeding containing
the results and recommendations given to the respec-
tive problem areas Is a valuable reference for profession-
als in the water fields.

Finally the editorial board thanks all authors for their con-
tributions and GTZ for sponsoring the symposium and
providing fund for publication.

V4

Dr. Mekonen Ayana
Editor-in-Chief
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Welcoming address

Welcoming Address For the g Symposium on

“ Sustainable Water Resources Development,”

October 4-5/ 2004
Arbami
Distinguished Guest . nch
Dear Participants .
Ladies and Gentleman y Dr Mebonen Ayang

At the outset, on behalf of organizing committee and my self, let me take this o i
panicipaﬂts to the 8" —Symposium on Sustainable Water Resources Development.ppm.‘umty {0 warmly welcome al
Arba Minch Water Technology Institute has organized these types of s
The symposium in this year marks the 8" cycle, which takes placeri
Technology Institute to Arba Minch University.
Admittedly, the research findings presented here and the experiences that have bee

well as the proceedings of the last symposia have contributed a lot in stimulatin
development.

The effort of enhancing productivity,
applied research even more pressing.

Seeking for economical and technological development, this countr
search and development activities. This is an opportunity for stren
needed to find solutions to problems that affect social and economic

ymposium for the last consecutive 7 years.
ght after the transformation of Arba Minch Water

n shared through discussions as
g research in the field of water resources

sustainability and poverty alleviation in this country makes the need for

y is investing huge amount of money in re-

gthening and developing the research capacity
development.

Dear Participants,

Water is not only vital for human survival but also the foundation for sustainable socio-economic development
and a health environment. Sustainable socio-economic development therefore demands sustainable management of
water.

Sustainable development of water resources refers to “a holistic approach to development, conservation, and man-
agement of wafer resources, an approach that considers all components of the hydrologic cycle™.

Itis inherently intergenerational because it implies that we must use the water resources in ways that are compat-
ible with maintaining them for future generations.

Water resources cannot be managed, however, unless we know where they are, in what quantity and quality, and how

variable they are. This requires a continuous assessments and monitoring on which most of the papers in this symposium
will focus.

Dear Participants,

Out of 36 papers submitted to the organizing committee 23 papers have been selected for presentation in this
symposium. The papers are broadly categorized under

Hydrology and Water Resources.................. 4 Papers
Irrigation and Drainage...........c..ccoivvvnn. 3 Papers
Water Quality.....ocoveinieiiiiniiiiiiiniieeennnn. 3 Papers
Hydropower, Dams & Reservoirs................. 4 Papers
Watershed Management & Environment.........5 Papers
Agro-Meteorology...cocvevieririeierennenninnenns 4 Papers

Once again on behalf of organising committee, I would like to thank all researchers who have responded to our call
by submitting their research papers on time and have appeared personally to present their papers.

I also would like to commend the Arba Minch University to host this event and express my sincere thanks to GTZ
for sponsoring the symposium.

Now, I would like at this stage to request Ato Zenebe Zewdie the Academic and Research Vice President of the

University to give you’re opening speech and thereby formally open the 8" symposium on Sustainable Water Re-
sources Development.

I thank you all for your attention and wish you comfortable stay and fruitful discussions during the symposium.

water 8(1) October 2004 ; 5
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Opening Address For the 8" Symposium on

~ gustainable Water Resources Development,”
October 4-5/ 2004

Arbaminch

By Ato Zenep, Zewg;
ie

Distinguished guests Dear colleagues
Ladies and gentlemen,

On behalf of Arba Minch University 1 would like to welcome you all once again to this SYmposium,

c : i L1
for being invited to deliver an Opening speech to this 8th symposium on Sustainable water resources S

Nor
dEVQ ed

1opmeny,
Ladies and gentlemen:

The issue of water has long been and continues to be on top O_f t.he'agenda. Indeed addressing SuStainabie

resources development entails the involvement of multifarious d:sclplmevs a“‘_j e’nmmpa?ses Numeroys Objecﬁ‘:ater
am proud to see this symposium being conducted at the dawn of thez university’s establ.lshment With inclysigp, s
number of faculties and a school of postgraduate studies. Thus there is a gr(fﬂt OPPOT.tunlty for the water technolﬁr :
institute to diversify and intensify the quality of its engagement. This symposium provides an essentig] forum i who'
a multitude of issues on water resources are analyzed, discussed, and shared among professionals to yie|q 5 comﬂ:ch
vision and new directions of thought which would ultimately contribute to the nation’s effort to develop ang man:n
its water resources sustainable. The themes to be covered in the symposium are expected to include, among othie
things, Hydrology and water resources, Irrigation and drainage, water quality, Hydropower, dams ang l"‘vser\’t)irsr
watershed management and environment and agro- meteorology. It will include studies on water resources (bntl;
surface and ground water) in its whole domain, its occurrence qualitatively and quantitatively in its natural boypg.
aries and a number of cross cutting issues.

I would like to stress that if any of the research in this country is not entwined with the problems of the nation, it
is not qualified to contribute to its development. Not less importantly, a research out put that does not reach to the end
users to whom it is targeted is a mere waste of endeavors. I hope the deliberations during the two day symposium will
be lively, interactive and successful both in the exchange of information and experience valuable for all the partici-
pants and will have a practical significance to the country’s development efforts and to the scientific community in
general.

Dear ladies and gentle men,

The university is more willing than ever to continually organize interdisciplinary and interactive platforms of such

type. We are committed to strengthen collaboration with each of your institutions; initiate joint research and share
your wealth of experiences.

May I take this opportunity to convey my thanks to those involved in the organization and conduct of the sympo-
sium without whom our gathering would be unthinkable?

With this brief remark, I now declare the symposium open. Thank you,

water 8(1) October 9004
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dentification and Delineation of

Hydrological Homogeneous Regions
Tl‘:e case of Blue Nile River Basin

Abebe Sine and Dr.Semu Ayalew

Arba Minch University, PO.Box
Abstract <l

. Basin has been regionalized into similar flood producing characteristics based on statistical values

Blue Nile River Bas! was delineated in to five homogeneous regions. Accordingly, region one comprises the widest
of at site data. The bas":;erin 37.6 % of the area. It includes the upper Guder catchment, middle and lower D
portion of the basm;i;oAbbafbaSi" and Dinder catchment. Region two covers Beles, Gilgel Abbay, Fincha and lower
Jower part of the mnt Region three includes upper Didesa, Anger, and upper part of main Abbay (Blue Nile Falls).
Guder sub catch.m: 's.the smallest portion of the basin area, about 3.3 %, embraces southern part of Gojam high
Region four, whic e; course of Gilgel Abbay and Bir-Temcha catchment. This basin is typically characterized by hilly
lands, extreme UPPto ography. Region five incorporates Gumera, Rib, Beshlo, Jema, Dabus and Muger catchments.
and mounmm(;;l(fn (En Idris River) in region three, all regions have shown satisfactory results for homogeneity tests.
Except o:e sl;:) ed five regions the most likely fit candidate distributions have been also selected. Accordingly, for
For the ng‘geniralized Logistic & Log Normal distribution; for region two Gamma, Pearson III & Log Pearson III
(r;;sgtl:irtl):lioﬂﬂ for region three, Log Normal distribution; for region four and region five, Generalized Logistic and

idesa,

Generalized Extreme Value were
preferred as a candidate distribu-
tions.

1. Introduction

1.1. Background

Regionalization refers to grouping
of basins into homogeneous regions. In
other words, regionalization means
identification of homogeneous regions,
which contain stations of similar flood
producing characteristics. Several
studies have shown that, delineation of
regions in the past has often relied on
physiographic, political or administra-
tive boundaries (Getachew, 1996). The
resulting regions were assumed to be
homogenous in terms of hydrologic re-
sponse. This assumption actually is not
true as it may have very different relief
and stations within the same geographi-
cal region, which have high correlation
that will cause some bias in the
regionalization (Wiltshire, 1985;
Cunnane, 1989, Roa & Hamed, 2000).
The importance of homogeneity has
been demonstrated by Hosking et al
(1985), Wiltshire (1986). Homogene-
ity implies that regions have similar
flood generating mechanisms. A more
specific definition of a homogeneous
rr:gion is that region which consists of
sites having the same standardized fre-

Water 8(1) October 2004
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quency distributional form and param-
eters. Such a region must be geo-
graphically continuous and it forms a
basic unit for carrying out regional fre-
quency analysis for estimation of flood
magnitude for water resource project
planning and design.

1.2. Description of Study Area

The Blue Nile (Abbay) River Ba-
sin, from now on wards called BNRB,
lies in the western part of Ethiopia, be-
tween 7° 45 and 12° 45’N, and 34° 05’
and 39°45°E as shown in Fig 1. The
study area covers about 192,953 square
kilometer with total perimeter of 2440
km. It accounts for almost 17.1% of
Ethiopia’s land area and about 50% of
its total average annual runoff,

The climate of Abbay basin is
dominated by an altitude ranging from
590 meters to more than 4000 meters.
The influence of this factor determines
the rich variety of local climates rang-
ing from hot to desert-like climate
along the Sudan boarder, to temperate
on the high plateau, and cold on the
mountain peaks. The annual rainfall
varies between about 800mm to 2,220
mm with a mean of about 1420mm.
(Master Plan of BNRB — Main Report)

In this study 78 stations were con-
sidered for the analysis. The distribu-
tion of the stations within the basin is
high at the central, northern & southern
part of the basin. Where as, the north-
west part of the basin does not have
sufficient stations. Generally, the distri-

% .'"’"'(t 4, Rer e
N o J.-,-',‘t
AT (JIQ_( LBy e
¢ el v
o )

l
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Fig 1.2: The distribution of hy

butions of the gauging stations used in
this study have shown in Figure 1.2.

2. Methodology

1.1 Methodology and procedure

The method used for
regionalization is Index flood method
which comprises the observed flow
data at the region were pooled to pro-
vide a more precise estimate of stan-
dardized statistical parameters in the
regionalization procedure. Generally
the study involves the following proce-
dures:

Collection of hydrological and me-
teorological data, topographical map
and digitized map of the basin.

Checking of data for consistency
and independence

Computation of statistical parameters
of selected stations within the basin,

Regionalization of the basin in to
homogeneous regions based on statistj-
cal values using GIS - Arc View,

To carry out homogeneity tests for
the established regions

1.2 Previous Study
Different researchers
tempted different approach
homogeneous regions. Such g geo-
graphical region/space (The  Floog
Study Report NERC, 1975, Matalas

have at-
to idenn’fy

P INS W WIS

16 - 480

B0 - T7I5

846 - 1410
4410 - 1875
\ 75 -2330
i S;;ao . 2806
2¥05 - 3270
3270 - 3735
4 _ 3735 - +4200

 Vwen al=

drological gauging stations within Abbay basin

et.al, 1975); Catchment characten'sti_cs
(Wiltshire, 1985); Climatic characteris-
tics (Pearson, 1991b). For BNRB,
Admassu (1989) conducted a compre-
hensive investigation related to flood
frequency analysis. On this paper
regionalization of homogeneous re-
gions was made on the basis of monthly
rainfall pattern and geographical prox-
imity. This may not be guaranteed as
they may have different statistical re-
sponse within the same rain fall pattern
of the identified regions.

1.3 Source and Availability of Data
For the purpose of this study, vari-
ous data have been collected from dif-
ferent agencies, which include time se-
ries data, topographical data and digi-
tized map of the study area. From time
series data, peak series flow data is the
most important one for this study. From
78 hydrological gauging stations in av-
erage of 25 years of data were collected
from the Ministry of Water Resource.
The digitized maps of the basin were
collected from MoWR GIS Depart-
ment. The topographical map with
scale of 1:250,000 were gathered from
Ethiopian Mapping Authority,

1.4 Filling ang Extension of Data

y Rt*:grfession amalysis was used to fi]]
€ missing monthly data and to extend

k

those short ey,

satisfactory cgnelaﬁnnorded day,
minimum 6.2 ang mMmaxj
correlation was done

; . b
1ng station ang geo ased

- 0N e
graph—lcal pro):;‘[h;"?“r‘
1.5 Consistency of

Double mags Curve
used to check the cons;

: nsisy Wa

The selection of the Statioin:;y of day,

the geographica] locatigp, “Pengs oy

tions i.e. its neighbg o

ring Stati c Sta.
used to check the reliabiljp, o?m Wers

Daty

analysis

tion data and CorTection we at sta.
cordingly. In thijs study to min: ‘de ac.
effect of outliers, L-Mo fiMize th

> g ment
ablll[’y Welghted MQm it a;tld Pl’_ob_
computation methods have bee:tlsncal

3. Regionalization of Blye Nile

River Basin

1.1 Flood Statistics of Blu
River Basin

Flood statistics of Blye
basin stations were computed ygjp,
both conventional moment and L.p.
ment methods.  However, L-Momept
method 1s a powerful apqd efficient
method to compute any statistical pa-
rameters, because such methods cap
give unbiased estimate of sample pa-
rameters and also cannot be easily in-
fluenced with the presence of outliers.
(Roa & Hamed, 2000)

Generally, the statistical parameters
computed include;

M (@ﬁgl)

Standard deviation (@ )

Coefficient of variation (C,,LC)
CoefTicient of skew ness (C,LC)
Coefficient of kurtosis (C,, LC,)

€ Nile

Nlje ijel-

Conventional Moment

Moments about the origin or about
the mean are used to characterize prob-
ability distributions. Moments about
the origin are the expected values pf
powers of a random van‘ab.le.. Fora d}s-
tribution with a probability density
function f(x), the 1" moment about the

origin is given by
’u"==_=[x’f(1)d1, u', =y = mean
(1)

water 8(1) October 9004
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" central moments
The

» el 3, 8 =Y sy
i %

i Gample moments m', & m,
1 & e i, = X= Samplsnear
.=y ZI X
) .
ek $ T e
TN =S
4)

These sample moments are often bi-
- ased and may be corrected (cunnane,
1989)

N By
"W p 2T (D)

m,

The conventional moment ratioss are
defined

(8)
C s = #a 5=t/ o S Tl e e
H
%)
Co= i
(10
Where
C, - CoefTicient of variation
C, - Coefficient of skew-
ness
C, - Coefficient of Kurtosis
L-Moments

Advantages of L-Moments

L- Moments are analogous to con-
ventional moments but are estimated by
linear combinations of an ordered data
Set, namely L-statistics. (Roa &
Hamed, 2000)

The following are advantage of L-
moments: (Cunnane, 1989)

L. Compared to conventional mo-
ments, L-moments can characterize a
wide range of distributions

I. Sample estimates of L-moments
aI¢ so robust that they are not affected
by the presence of outlier in the dataset.

Water 8(1) October 2004

; dard deviatjon_ L
" accurate than maximum likelihood.

- TT———

III. They are less subjected to bias Particular L | the first -
in estimation -

moment, is the
mean of a statistica] ; i

; . stribu .
IV. L-moments yield more accurate identical to the first <:onw.=.n?im1 P
estimates of the parameters of a fitted ment, and L is 3 |; i
distribution. Even some times param- :

a linear measyre
. of
spread or dispersion an,
} lo
eter estimated form samples are more 0us to stan-

are anal ooment ratios, which
nalogous to ¢ .
Hosking (1986) defined the L-mo- onventional momeny

ratios, are defined b i
ments of a real value random variable (Roa & Hamed 2003) Hosking (1990)
X in terms of probability weighted mo- ’

as:
Where;
ments (PWMs) af_il L = measure of location
L, = (‘ 1)'-| ‘Zn Pr-Ll M, (11)

T = measure of scale ang dispersion
(LC)
Where :

g ot T3 = measure of sk,
p,‘t=(—l)"'( )( ) : Skew ness (LC)

. ' T 4= measure of kurtosjs (LC)
L, = the ™ L- moment Instead of 7 and7,
Mo - z; . 1): (k) M, usedfor sample L- momen; ratios,
i=o i To compute the above parameters

using L-moment method IS some what
(13)

cumbersome with spread- sheet (Ex-
Hosking (1986), gave the unbiased ~ ¢€1)- There fore FORTRAN program

estimators of M, and M, as: (FFA-AS / statistics) has been devel.

PRI - oped for calculation, These parameters,
'“'N;{L)/ (.)] " TN el ater on, are basic important for

| ) regionalization, selection of distribu-
s _;v 2{0 /(HJ]‘ j=Q\2-N-1...._.1§ ton and robust method of estimation

1tandt’arﬁ

Where V= rank of observed flow

data in ascending order
The first few moments are:

A
LI: Mmo i
Lzz M!DO- 2 Mlm
3= MlDO _G*MIOI +6*M|oz

L_' = MLOO “12*M1m+ 30*M102 'ZO*Mlos

z
2

I - tie)
/’

Like the conventional e Fig 3.2: Identified homogeneous stations
moments can be used to specify and
summarize probability distributions. In
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Fig 3.1: LMR diagram of gauging stations of Abbay basin for standardiz

Gener ated by CantScanner fromintsig.com




common prac
; ¢. division by af
site mean, thus

(18)

Where

-1 iQ
0= _17 £ i
Then the Quantile Q,is estimated as

Q = @XT

(]9) . .
The mean amnual flood is the index-

flood.

1.2 Identification of Regions

The (LC, LC) of standardized
flow values of each stations has been
plotted on L-moment ratio diagram
(LMRD) of various distribution func-
tions as shown below.

Those stations close to a single dis-
tribution were considered as homoge-
neous stations. Thereby, five groups of
stations were identified as shown on
the map below.

/| MWmwrgonuy
Reglon .y
Regwn-2

Regan .3
Ragen.4
Regen.§

10

ineation of
3 Deline Regions _ e
tool used in delmea(t;g;_go( i
moocneous ICglO fethe dlg,nzed
o ar ‘

o 3331esobf:ins 11 stations _und::r
; O_f ere ide tified accordm'g do
3'1Y515 W aphical Jocation glamu e

th‘iiﬂl gn;oii:de) F each stations the

and lo

LC. , L&
t ds ir() section 4.2 where
the prelimunary
region using
e where identi-
o-code with

petween one Sta-

its nel .o station was de-
tion and its neighboring s

termined and (LCy LC) values where
interpolated 10 fix the boundary be-
tween two stations of different regions.

The procedures followed in the dcl.m-
eation of the poundary of the region
were as follows:

1. To compute the (LC, LC,
each station .
11 To identify the Jocation of stations
along the distributions of LMRD

111. To identify the group based on step

II
IV. To interpolate between LC,and LC,

Values of two stations of different
groups to fix two boundaries, one from
the LC,and the other from LCk values.
V. The boundary of the region is fixed
between the mid ways of the two
boundaries found in step IV.

) value of

1.1 Homogeneity Tests

The preliminary identified regions
haye to be checked by various homoge-
neity tests.

The tests used in this study were:

i) Discordance measure teg;
ii? Cv — based Homogeneity t

jii) LCv - based Homogene; o
iv) Statistical comparison bt

I. Discordance measure
The discordance Measure ;
to identify those sites that ar 'Ntendeq
discordant with the groyp ase Brossly
The discordance measure r ‘f”hole.
how far a given site is from, estimateg
of the group. (Roa & Hameq 26 Centey
If is the vector containi;, =)
and t, values for site (i), thep e oLt

average for NS sites with; group
is given by M the regin
s 1 NS ]
= DU,

P=i TTTTRReeag @

The sample covariance ST
by At s given

s=(NS- )* ,i, (U- = E) (U: = 17)'

21

The discordance measure is defineq e

1 )y ¢~ =
D, =3 U -T) 5", -0)

A site (1) 1s declared to be unusua) if
D, is large. A suitable criterion to clas-
sify a station as discordant is that D
should be greater than or equal to 3, :

II. CV — Based Homogeneity Test

In regionalization, assumptions
must be made about the statistical simi-
larity of the sites in a region. To investi-
gate whether those has been met or not
many researchers as Lettenmailer
(1989), Lettenmailer et.al (1987) and
Cunnane (1989) have used the values
of mean coefficient of variation (CV)
and the site — to — site coefficient of
variation of the coefficient variation
(CC) of both conventional and L — mo-
ments of the proposed region. (Melsew,
1996) According to the researchers,
the higher the values of CV and CC the
lower the performance of index flood
method for the considered region. Ac-
cording to Lettenmailer (1985), this is
due to the dominance of the flood
quantile estimation variance by the
variance of the at — site sample mean-
Hence for better performance of the in-
dex flood method; CC should be kept
low (Melsew, 1996). In this research
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the mean low rate for site 1

Oy = Coelicient of vanation of site 1
"For caleulation of LCV use,

LOY . ........ (20)

Where, LOV s the dunensionless
coeflicient of
trom 1

vananon - caleulated
Moments and the respective
expressions for L oand 1 .oare as
defined i section 4 - 2,

u) - Foreach region, using the sta-
tsties caleulated w step 1, compute the
regional mean, CV and LOV; standard
deviation of CV and LCY, and tinally
the coresponding ¢ using the tollow-
g relations

N
(28)
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(29)
Where:
N~ number of sites in a region

'(""'T" = moan cvefticrnt of varaton of the na
gn Oy~ Standind deviaton of at - site CV

vahes,
The sanmxe procedure holds true for
the corresponding L~ moment values,
Critenia: The region declared 1o be
homogenous if CC < 0,30,

111, Statistical Comparison

Statistical values, like coetNcient of
vanation, coetlicient of skew wess and
Kurtosis show a elear distinet dismbu.
tion on graph when plotted. Especially
lower moments LOv & LCs and mo-

ment rtios are a good indicators of ho-
MOZENOuUs region,

CC value
Region [Coan. L-moment | Qoechusion

CVaasad | CVdased

method methad
Ooe Al Qlds Homogenevus
Taw ST [ Homoseneous |
Three 0287 [(ABA}| Homowenaous
Four A [\NTH Homosmeous
Five (\BSY) 020 Homogeneous

Y Res oeneity Tests
he znu'n‘(!m'm‘ FEHS '}n‘ e f\{'?‘.‘ﬂ.\‘ n
"[\‘ﬂ\ ¢ LRI}{-I

one’  staton
(L4012 i Region Xis discordant. ltis
related with region 3. However, it is not
possible to delineate with region § &
als0 18 not recommended to delincate

this station as one region. As a result

lable 3.2;

names for the established regions

Summary of land features, carchments

this station was considered ag 3 discar.

U staton, ang specific Nood fre-
qucinc): curve was developed for 1
which is exactly alike with egion five,

Cv & LOY homogeneous tests

) FORTRAN progmm s developed
tor these tests. The avenall output of the
Program is summarizeq i A 1
Table F2. 1n addition to lhls,PP::gl:nl;
result is revised in table 4.3 below. Ac-
cording to the resuly Al stations of the

respective regions sausfy hmmgcncity
cntena for both conventional and |, -
monxnt CV - based hamogcncity tests,

Statistical Comparison

In this case the homogencity of the
sbaljnns Was checked by comparing
Vanous statishical PaRneters such ag
CV, Cs, CK, LCv, LGy and LCK within
the region as shown in figure 4.3 and
44 When these statistical values are
plotted as in figures 4.3 and 4.4, they
show layers or group of regions that jn-
dicate difterent regions. Morcover, co-
etficient of variation was found to be g
good indicator of homogeneity of sta-
tions; whereas higher moments are not
eflicient in indicating homogeneity of
stations,

Name of the region Total area
&Perimeter Location / Carch-
ment G e n e g a |

charactenisties(particulars )
Region one  Area 75164 knp® Pe-

characteristics, sub basin

Name sl the | Towal area & Geaeral characteristis
L reglon Pecimeter Location / Catchmeat (particulan )
Arca Urper Guderlak, middle & Tower | oo from TWm © 180m & 300 © 0%m &t
T’ | DidessasAnger, bower pant of muin | Gaiam high lndarintill varies e S0 ©
Reglon one Abbay, Dhinder & Shinfa-Rahad 1&0mm & also w0 200mm a Nigh tand wreas;
Penmeter hwer Tana cachmenn & Bigh | Topography from level o undulazng plaing, rolding
727 km lands of Gojam Plaing how plaray plaing & gorges; Skype rnges
from 0.1 ko 18 % with land cover mostly hrub land
Arca Beles, Gilgel Abbay, Fincha, hower Elevaton fom 1A © M00m, renil 100 ©
Reglon twe | 41018 k! GuderKale Cakchmenty, extreme | 160wy skope of the area (LS 10 N wpograply
upper course of Jema-Wenchit from low plareau plaing w e plazeey phaing, leved
Perimeter W undulating plains land use open woad land, fom
2184 km mderately & dominantly culbvasd, grass land.
Arca Upper Dadesa-Anger, Bahir Dar, | Elevaton thm 180 & IN0m, bl 100 ©
Reglon AT Tis Abbay (Blue Nile Falls), Mot | 1 400mm & Up 1 00nwm at high land, l\v{l‘-‘ L]
three region TN % npegnpdy bow plate, plans hls &
Perimeter nouniing modorstely W dominaatly  cultivaed
1821 km tand end also forest, winnlland, grasstand cover
Arca BirTomcha,  southon pat of | Blvation 2000 & Y 00nm rmf\l\“l.-:"m:
Reglon four | 6515 km? Oojam high lands, Exreme 200 skope 100 N % hndmm\' o
Porimeter course of Gilgel Abday Ty o dominanlly, ARy s
£36 km muounteing, rolling plaing & hw platray pla 1Y
Arca Oumera, R\ Bijena-Beahky, Jema- | Elevamn fom 100 i
Reglonfive | 40220km' | Wenchit, Dubus, MugerUrga'A 16000 ’::;: :.lu. w J?\:nb' % oty
™
Perimeter utived: wpoppy level © undulating paist
2684 km low phiteau, Lo '

i L v oy

(U RV VR R

11

. i
R R - L



OrOnavh me. v bw @ ge
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Fig34- '
& 3.4: Graph for statisticq values comparison (Cont’d)
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7 km Upper Guder-kale,
wer Didessa-Anger, |(.)Wer
Abbay, Dinder & Shln.fa-
4 lower Tana catchments & high
o f Gojam Elevation from
Ly 1500m & 3000 to 4000m at
70Qm [(:ﬁah lands;rainfall varies from
= 1630mm & also up to 2000mm
o 'lfh land areas; Topography frf)m
- h;G to undulating plains, rolling
o s low plateau plains & gorges;
p:ame ranges from 0.1 to 15 % with
ISa:c? cover mostly shrub lan :
Region two Area 41{15 km? Pe-
rimeter 2154 km Beles, Gilgel Abbay,
Fincha, lower Guder-Kale Catchmems.,
extreme upper course 0fJema~We.nch|t
Elevation from 1200 to 3000m; rainfall
1000 to 1600mm; slope of the area 0.5
10 30 %; topography from low plateau
plains to mid plateau plains, level to un-
dulating plains; land use open wood
land, from moderately to dominantly
cultivated, grass land.

rimeler 272
middle & l.O
art of main

Region three Area 27784 km? Pe-
rimeter 1821 km Upper Didesa-An-
cer, Bahir Dar, Tis Abbay (Blue Nile
;alls), Mota region Elevation
from 1500 to 3800m; rainfall 1000 to
1400mm & up to 2000mm at high land;
slope 0.5 to 70 %; topography low pla-
teau, plains hills & mountains; moder-
ately to dominantly cultivated land and
also forest, woodland, grassland cover

Region four Area 6515 km* Pe-
rimeter 526 km  Bir-Temcha, south-
ern part of Gojam high lands, Extreme
upper course of Gilgel Abbay
Elevation 2000 to 3700mm; rainfall
1200 to 2000mm; slope 10 to 70 %;
land use cultivated from moderately to
dominantly; topography hills & moun-

tains, rolling plains, & low plateau
plains

Region five Area 49222 km? Pe-
rimeter 2654 km  Gumera, Rib, Bijena-
Beshlo, Jema-Wenchit, Dabus, Muger-
Urga’A Elevation from 1000 to 3500m;
rainfall 1000 to 1600mm; slope 0.1 to 50
%; land use grassland, swamp, shrub
land, moderately to dominantly culti-
vated; topography level to undulating
plains, low plateau, gorges, high plateau
plains 1.3

Selected Distributions for the

Identified Regions

For the identified regions above,
using L-Moment ratio diagram the par-
ent distributions in which the flood
data series come from is selected from
the regional average of LCs and LCk
value as shown on the graph 3.5.

Accordingly, for region one General-
ized Logistic & Log Normal distribution
and for region two Gamma, Pearson 111 &
Log Pearson Il distributions are se-
lected. For region three, Log Normal dis-
tribution is chosen. Generalized Logistic
and Generalized Extreme Value are se-
lected as candidate distributions for re-
gion four and region five. The selection
of best fit distribution with its robust pa-
rameter estimation method from the can-
didate distributions for each region is an-
other task which needs further investiga-
tion.

4. Conclusion and

Recommendation

4.1 Conclusion

Despite many attempts made by re-
search hydrologists to delineate homo-
geneous regions, no general methodol-
ogy is accepted yet universally. Here,

N
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o
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Fig 3.5: Regional average LMRD for the established regions

Water 8(1) October 2004

regionalization was made on the statjs-
tical values (LCs and LCk) of index
flood of each stations based on the con-
cept that stations from the same region,
their index flood series come from the
same parent of distribution. The pro-
posed five regions satisfied the home-
geneity test applied in the study except
one station (114012) in region three is
discordant with the existing region and
homogeneous with region five.

Peak flow data series of each sta-
tion of the same region will fit the same
type of distribution. This is the advan.
tage gained from regionalization con-
cept that has been used in this study.
The types of distributions most likely to
fit data of each region were identified
from the regional average statistical
value of L — Moment ratio.

4.2 Recommendation

- Delineation of homogeneous re-
gions based on statistical parameter of
gauged site could be one of an alterna-
tive method of regionalization to iden-
tify stations of similar flood producing
characteristics.

* Lower moments such as Cy, LCy,
and graph of Cv-Cs, LCv-LCs, Cv-Ck,
LCv-LCk are found to be good indica-
tor of homogenous stations in this
study.

- The selection of best fit single dis-
tribution and also vigorous parameter
estimation method require further in-
vestigation.
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Samra et al. (2002). Mo
Jow rainfall and/or with high rainfall
put erratic distribution suffer from low
and unstable crop yields. Generally,
storage of rainfall in the soil profile is
cheaper and more efficient than storage
of run-off i excavated ponds. How-
ever, the major Jimitation of storage ib
the soil profile 1S its limited capacity to
hold for a long period of time. Thus,
use of water harvesting ponds for 2 life
saving irigation o rain-fed crops is an
alternative option. Water harvesting i
an ancient metbod of obtaining water
that has received renewed interest in
recent years as 2 viable water supply
method for many regions of the world
Frasier and Myers (1983).  Even
though water harvesting is as old as hu-
man civilization itself, the use of opti-
mization techniques for design of the
POI_Id irrigation system is a recent area
of interest to scientists and engineers.
Studies in the past have addressed
t9 th.e problem of tank and reservoir ir-
rigation systems. Sharma an
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which could be uti-

eters, .gn of ponds, has

report€® tudy is
ot been the present S
e
rI‘he[Cfor >

cvaluate different geom-
wken F water harvesting ponds us-
' oftl}e tion techniques and to de-
gression models for. optimal
of ponds corresponding to af

ot harvest. The Uppet basin o

CatCth;ivcr in Ethiopia 1s selected for
Awas

the study-

velOp re

Study area

ver is one of the mostthl ifn—
. is a lifeline of Ethio-
ortant FIVers = l:sawell as hydroelec-

ja from imgation .

. oeneration point of view. The lz.uge—
e irrigation schemes are widely
Scaleﬁced especially in the upper, middle
z::; lower portions of this niver valley.
However, the available Awat'er resource
flowing in small tributaries in the upper
pasin of Awash River is not yet fully de-
veloped for irrigation purposes. As
shown in Figl, the area lies between the
headwaters and Koka hydropower res-
ervoir. The geographical area of the up-
per basin is 11,500 Km? and lies be-
tween 8°40°N and 8°45°N latitude and
38°36°F and 38°44’E longitude with the
altitude ranging from 3000 to 1800 m
above M.S.L.

The average annual rainfall in the
area ranges from 835 to 1216 mm The
maximum temperature reaches up to
29°C during May and minimum goes up
to 9.6°C during December. The average
wind speed at 2m heights is recorded as
1.36mv/s. The maximum and minimum
relative humidity is recorded as 80%
and 45% during August and November
respectively. The soils of the study area
are generally classified as Eutric vertisol
and its texture is clay. The major crops
grown in the area are teff, wheat,
chickpea and lentil, whereas potato, to-
mato and onion are also grown in some

Awash Ri
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places.
Geometry of water harvesting

ponds

The study mainly focuses on se-
lecting appropriate geometry of the
pond and designing the dimensions of
the pond and its optimal storage capac-
ity. A series of water harvesting ponds
has been proposed in which catchment
area of the first pond remains un irri-
gated and the catchment area of the fol-
lowing pond is the command area of
the preceding pond. The pond design
under partial excavation and partial
embankment is considered (Fig.2). The
trapezoidal shape of the ponds, because
of its stability for the earthen structures
has been considered Steuart (1961).
The value of the top width of the em-
bankment (T) is taken as 2m for all
sides of the embankment. The geo-
metrical formulae used for determina-
tion of the design components were de-
rived based on the principle of solid
geometry as frustum pyramid.

Optimization model

The classical optimization model
using Lagrange multiplier has been
used to obtain the optimal design of the
pond. The storage capacity of the pond
as an objective function is maximized
subject to the constraint that the vol-
ume of earthwork is equal to the vol-
ume of embankment.

Mathematically the model may be
expressed as

Maximize Z =Vsc
..()
Subject to:
V.dug = Vemb .- (2)
Where,

V,c{":")[c; (ceddosfocrendood]]o

Dl 2
Vag = [(1\’ (c N z) + wz(zcx ‘X wz)].‘_u)
3

sl bbb o[t | 2 |

where,
X = bottom width (m)

Y =bottom length (m)
D = excavated depth (m)
H = height of embankment above
ground surface (m)
Z =side slopes (2: 1)
V., = Storage capacity (m’)
V, .dug volume (m’)
Vs . Volume of embankment
(m’)
A_, = Wetted surface area (o)
A, =Surface area (m?)
g = X

X

The augmented Lagrange function
1s obtained as:

LHY)=V, -2 (ydng -v_b) ()

Where, 1 is Lagrange multiplier.

Y221222 22, 4, 3
LLHA)=[" €OV o= CXH+~ OV 4+~ OV Hem (D AZ+- iz
3 3 ) 3 3 3
2 4 ] 12 7]
32 124 4
+=D\Z+~D\ZH+-DZ 4‘!721}1"121"2 Q'Mfz
3 3 3 3 3 3

2 3 43, ‘222 2 4,
s=XZH +=ZH | - A[0CDY +~@F +~D2
3 3 3 ] 3
2, 4

12 2
4~ DA\Z+~DZ )- (AOVH+A\H+ 1@2H+2@H .x:\zn!
3 3

2 22 Lay
+2\ZH +BE H 461 +—ZH))
3

Differentiating equation (7) with
respect to H and 1, the necessary condi-
tions for optimization problem is given
as equation (8) and (9) respectively:

L 1,2 2 5 8 4 1255 24, 8
—="CX +CX +~ QU2+ DXZ+~DZ +—[E H+~OZH
M 3 3 3y 3 3y 3

4 12
22
+~ XZH+= Z H +aCXA +4X2+| 0242 H +4CXZH
3 3

2 22
+AXZHHOE H+1A2ZH = 0 R

L 1322 943 25 4y
— =~ CDX -~ (DY -~ (DXZ—-DXZ-~DZ +AOHXH
a 3 3 3 33
2 2 2 22 B
FNTEHEH +20ZH +2X2ZH +AIE H +181+—ZH =0
3

.9
Solving the differential equation (9)

and rearranging the parameters yields
equation (10) in terms ofH.
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20, 25, 30, 35,

15, 20,

:;3 65,70, 75, 80, 85,
The values for side s
1:] for the soil ry‘g:;

soil. The
f:;r?(’\’/x) istakenasC=1, 2,3 corre-

: uare. 2-fold and 3-fold
sponding to square, e of D
rectangular pond. The vaiue
within practical range is taken as 5, 2,
3, 4 and Sm. Thus, 360 com.bmathDS
were compiled and solved using New-
ton- Raphson iteration algorithm for
cobic function using Visual FOR-
TRAN 6.5 program to arrive the value
of the decision variable, H. After get-
ting the value of H, all the 360 combi-
nations were classified based on their
respective geometries as square, 2-fold
and 3-fold rectangular. The storage ca-
pacity as per equation (3) was calcu-
lated. The wetted surface area and sur-
face area were calculated from their re-
spective geometrical equations based
on the design parameters of the pond.
The excavated volume as per equation
(4) was computed and construction
cost of the pond was determined for all
the geometries and excavated depths
based on the excavated volume and lo-
cally available unit cost data. The opti-
mum pond geometry was evaluated
based on the evaluation criteria consid-
ered for the design.

90, 95, and 100.

Optimum pond geometry

The optimum pond geometry out of
square, 2 and 3-fold rectangular ponds
was ‘selected based on the criteria oi,'
maximum storage capacity per unjt-ey,
cavated soil; minimum wetted surfac;
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area per unit storage capacity (mini-
mum seepage loss), minimum surface
area per unit storage capacity (mini-
mum evaporation loss) and minimum
construction cost (USD) per unit vol-
ume of stored water.

The storage volume per unit volume
of excavated earth in the 3 fold rectan-
gylar pond as shown in Fig.3, is found
higher than that of square and 2 fold
;cctangular pond for all the depths of 1-

m.

The wetted surface area per unit

storage volume is less in case of rectan-

gular pond as compared to the square

pond for all bottom widths and 1m ex-
Cavated depth (Fig.4). The wetted sur-

face area per unit storage volume in 3
fold rectangular pond is less than that
of the 2 fold rectangular pond. Similar
results were obtained for other excz-
vated depths. In general, as the' bed
width of the pond increases, the differ-
ence in the value of wetted surface arca
per unit storage volume for ?11 the thfe:
shapes of the ponds diminlsb beca:se
of the proportionate increase in storag
volume in all the cases- "

The results from Fig.5 reved izt
the surface area per unit stor:‘igﬂ1 o
ume in the rectangular pond '51 ; o
than that of the square O™ gfﬁ'c rence
cavated depth. However e Jolume
in surface area per unit storage

04
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Fig. 6 : Cost of construction per storage capacity of different
pond geometries at 1 m excavated depth for heavy soil

between the two rectangular ponds is
less. Hence, evaporation per unit stor-
age volume would be minimum. The
trend in surface area per unit storage
volume is the same for other excavated
depths of 2-5m.

The cost of construction of rectan-
gular pond per cubic meter stored water
is less than that of the square pond for
Imand other excavated depths. For Im
excavated depths and 1 to 100m-bed
w.idth, the cost of construction per cu-
bic meter stored water of a 2-fold, 3-
fold rectangular and square pond
Tanges from USD 4.276 to 0.797,4.063

t(_) 0.676 and 4.521 to 1.048 respec-
tively (Fig.6).

Water 8(1) October 2004

Thus, it can be concluded that 3
fold rectangular pond is the best geom-
etry amongst the considered shapes and
could be selected for its maximum stor-
age capacity per unit excavated vol-
ume, minimum wetted surface area per
unit storage, minimum surface area per
unit storage and minimum cost of con-
struction per unit storage for excavated
depths of 1-5m.

Delineation of catchment area

A topographic map prepared on the
scale of 1:50,000 by the Survey and
Mapping Department of Ministry of

land reform and Administration ( 1999)
was used for the analysis of slope area
classification and watershed delines.
tion. The Slope - area classification
was performed using ILWIS (GIS
packages) to identify the topographic
nature of the catchment 2nd command
areas. Delineation of small watersheds
was done using GeoMedia profes-
sional GIS packages for identifying
catchment and command areas of dif-
ferent ponds for preparation of the wa-
ter harvesting and utilization plan

Slope, | Aream? | Area, | Areaka
% e

0-2 179995006.9 | 179.995 | 17999.50
24 65630909 | 6.56 65631
45 29700838 | 297 297.01
6-8 1705081.4 1.71 17051
8-10 768150.1 0768 | 7682

Based on this, from the total delineated
area of 19295 ha, water harvesting
pond design was made for 3253ha
(Fig.7). The area falling under different

range of slope is given in the following
table.

Estimation of surface run-off

The surface mn-off from the delin-
eated catchment area was determined
using curve number (CN) method
(USSCS, 1964) taking into consider-
ation of 5 days Antecedent Moisture
Condition (AMC) from eleven years
(1991-2001) daily rainfall data re-
corded at the near by station and for
hydrologic soil group of ‘D’ and locally
available land use/land cover data. Us-
ing Weibull plotting position method,
the annual run-ofT was calculated at 20
% probability of exceedence level. The
surface run-off on volumetric basis is
obtained by multiplying it with the re-
spective catchment area. It is used as
catchment harvest for the design of re-
spective water harvesting ponds.

Regression models

After deciding the geometry of the
pond i.e. three fold rectangular, the re-
lationships of bed width (X), Vs stor-
age capacity (V) and bed width Vs
height of embankment (H), are estab-
‘lished fitting to polynomial and
Weibull equations respectively. Mod_cls
are developed for different excavation
depths (1-5m) of 3 fold rectangular

17
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with side slope: Z

pond
spo

ndmg to heavy solI.

application of model

For three-fold rectangular pon‘;i Outht
of the five excavated .depths, 1 mf esn-
is selected for its minimum cost 0 Cth :
struction s compared to the o dez
depths. Two series comprsing 3an
ponds are considered for the design.
The regression models ar¢ psed for op-
timal design of the pond with 1m exca-
vated depth and side slopes (1:1) a;
20% probability of exceedence leve
je. wet year condition FAO (1991).
Moreover, the regression models for
optimal design of the 3-fold rectangu-
lar pond with 1 to 5 m excavated deth
under wet year condition aré shown 1n

Table 1.

2 3
l; = TITE9-23HALY + 29038X saI84x (15
c

0.691
H = 19264 - 19442 EXP(-0 018X ) .. (16)

The value of bed width (X) of the
pond is obtained using equation (15)
for the catchment harvests of 1256664,
1157377, 988995, and 588869,
533225m?® for pond I, 11, 11, IV, and V
respectively. Using these values of bed
width the height of embankment, H is
determined using equation (16). The
storage capacity of the pond is again
tested using the geometrical equation
(3). This storage is then compared with
maximum monthly inflow (surface run-
off + direct rainfall to the pond+ spill-
age in the case of downstream ponds)
to the respective ponds. The maximum
between the two is selected as the final
storage capacity of a pond.

Thus, the optimum storage capac-
ity of pond I, II, III, IV and V is ob-
tained as to be 1202244, 1109124,
954495, 579798 and 531588n?’ respec-
tively. The respective dimensions of the
five ponds for 1 m excavated depth,
(bed width X length X embankment
height) are155 X 465 X 8.46m, 150 X
450 X8.31m, 141 X 423 X 8.05m, 115
X345X721mand 111 X333 X 7.07m
res‘pecn'vely. The cost of excavation per
unit storage of the respective ponds ig
USD 0.55, 0.56, 0.58 0.63 aF:xd 0.64

18
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(Table 2) ter use planning model de-

The wa :

y linear programming tech-

nique with optimal land :fnd water al.lo-

cated to wheat, maize, _chxckpea, lentils,

otato, tomato and onion crops to pro-

vide supplemental irrigation from the
ponds is presented some where else.

Conclusion and

recommendation

In the water scarce areas, which
have sufficient rainfall to meet tlfe crop
water demand, water harvesting 1s a ra-
tional approach to mitigate water scar-
city problem by collectiop (?f w'ater d.u:-
ing rainy season and utihzmg- it during
other periods. The geometrical rela-
tionships and classical optimization
techniques with an objective function
of maximizing the storage capacity of
the pond satisfying the given constraint
that the volume of excavated earth
equals the volume of fill required for
the embankment are used for design of
water harvesting ponds. The optimum
geometry and size of the ponds are
evaluated with respect to the maximum
storage capacity per unit-excavated
soil; minimum wetted surface area per
unit storage volume, minimum surface
area per unit storage volume and mini-
mum construction cost per unit storage
volume. From the result the following
recommendations are summarized.

i) The 3-fold rectangular shape is
the best geometry of pond from among
2-fold rectangular and square ponds
with 1-5 m excavated depths.

ii) Under the most practical range of
1-5 excavated depth, the above polyno-
mial and Weibull equations could be
used for design of optimal geometry
and size of water harvesting pond un-
der the condition that the volume of ex-
cavated soil is equal to the volume of
embankment.

iif) The optimum storage capacity
ofpond I, IT, ITI, IV and V is designed
as 1202244, 1109124, 954495, 579798
and 531588m’ respectively under wet
year condition.
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Introduction

The purpose of utilization of fore-
casted rainfall amount in Crop produc-

tion is to make a good assessment of the
forthcoming harvest at a ve

stage in relation to what L
sown. This desire has also b
base of all crop-breeding Programs and
has guided the farmer in hjs estimate of
the food requirement of his family. This
will allow to predict critical
which could lead to food crises, and to
take adequate measures well in ad-
vance. Too often, Crop monitoring is
limited to rainfal] monitoring where
rainfall amounts are Cumulated over the
season for assessing crop performance.
This approach does not take into ac-
count (i) how rainfal] s distributed
over the season and (11) what the crop
actually needs. Agrometeorological
monitoring of Crops requires thus not
only knowledge of what the crop re-
ceives through rainfall, but also what

€ Crop needs for inhibited growth.

€se water needs are
ter requirements.
different at djffe

Ty early
ave been
€en at the

Situations,

called crop wa-
Crop water needs are
rent growth stages of
€ crop and that water stress will result
in production losses de

plant’s development phase.

The great challenge for the coming
decades wi]| be the

food Production a

cunty growin
ticularly

pending on the

task of increasing
nd ensuring food se-
g world population, par-
in countries with limited water

Water 8 October 2004

The Application of fo
efficient water yge a

irrigated crop Produ

and land Tesources. While op global

water scarcit
ments, threat
gravate rura]

1es slow down develop-
¢n food supplies ang ag-
poverty. The dependency
future development has

become a critical constraint for deve]-

Oopment,

As aresult of some extreme periods
of drought over the last decades, it has
become increas'mgly necessa
monitor crop and to foreca
quality of harvest, particularly for the
cereal crops, which remain the basic

source of food. The too] available for
agrometeorological cro

P monitoring
will follow the distribution of the rain-

fall, which directly influences the crop
during the growing season and com-
pare it with the water requirements of
the crop at each phenological phase, An
agrometeorological model was de-
signed by FAO (Frere & Popov, 1979)
for crop monitoring and forecasting,
based on a cumulative weekly or ten
daily crop water balance, which at a
given moment of crop growing cycle
gives an index expressing the degrec‘ of
satisfaction of the crop water require-
ments. The index is strongly correlated

Iy to early
st size and

re(:i:\steeti

nd map
ction

Fainfa) for

9gement of

E, ngida ﬁfenk

% Eqp (0]
*0.Box 2003.‘ Addis Abe Ethigy,;
, Pra

t remains simple enough
to be easily operated without sophisti-
cated equipment,

To introduce an effective crop wa-
ter supply system adequate information
is required on the Crop water require-
ments as determined by crop and
weather conditions. Is the following
examples are provided how to evaluate,
plan and manage field water supply
conditions based on crop and fore-
casted rainfall conditions for various ir-
rigation management systems.

Materials And Methods

The cumulative water balance
model is used established over the
whole growing season for the g;\:;
crop and for successive periods om =
days or weeks for the mmgmﬂfc b
irrigation. The water balance 1s
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g - o2 paones [ (B
s 8 | By | X [n-3
Poud 2 _ﬁf/—’ il
ich has
o rainfall received Y e o, - Surface m‘?"ﬁ-'W:;
ference betwee Jost by the ¢rop i ina given tirne 1, M
ter o : Jace :
e wd$e: retained by D¢ soll BKPE T oep drainag® _whlch has
g ol T om0 pace 2B fime i
shou]d also 6 : P dafd dekﬂd i= 136
claon 200 198d) he crop %2 j =S
The inpu! data used 1 I .
balance M0 ] are weatheh sot a0 Based on the above p@cnplcs ¢
ter data weather data require e (1979) have infr duced
crop 0a@- y intervals 4 include 20 dP iy ) ination o g
arcm; TJ ([::nml average (normal) orde proceqtlllr;cmem = isfaction oS
L o fer Te _
amoust .
pcndablC. forecasted rﬂe :ﬂcd rthe  i08 the FAO mode'l. The. cglcu:z:)t;ozl t:-
i 'il:m;zt:xrg or the water the water balance 15 came :\;ds p
modtlzl are the so! (AWO) in the root cial forms for successIve pe1 ; .in "
holdg O data is not The different StPS involve
e sl L d e computation of the cumulative water
ekl dmdm'clu ;;'YP palance are detailed here under with an
- C:sp, 1}_31;1:11]3) dli?gthlifs growth le for maize Crop in Melkassa
e . d efficients.  (East Shoa) (Table 4)
T e CDd th Step 1. Fill column 2 with standard
i« orinciple laid over the ; '
The basic principle a1 i

water balance model is the computation
of the balance berween moisture added
through rainfall or irrigation to that lost
through evapotranspiration, surface
runoff and deep drainage. Moreover,
the calculations follow a procedure
known as the “accounting” or the
“bookkeeping” method of soil water
budgeting. This is expressed as:

dSM,=R.- (AE +(Ro+D))

Where: - dSM, = SM, - M, , soil
m(lnzturc change in a given time inter-
val (in this case a ten day peri
o y period or

M, - .soil moisture reserve at the
end of a given time i, mm

SM,, - soil moisture reserve at the
end of a given time i-1, mm

R. - Rainfall or m; i
. l. an i
e gation received

AE - Actual ev

b apotranspiraty
which has taken place in a givenptin:z

20

dekads. The first dekad
dekad and the last one 1S the maturity

dekad.
Step 2. Column 3 refers to the ac-

wual rainfall for the corresponding
dekad in mm. Actual rainfall is the rain-
fall amount on real time basis.

Step 3. Columns 4 refer to the nor-
mal PET computed from the normal cli-
matic values respectively. PET is de-
fined as the maximum quantity of wa-
ter, which may be lost by a uniform
cover of dense short grass when the
water supply to the soil is not limited as
defined by Penman (1948).

SteP 4. Column 5 refers to the crop
coefficient (Kc), which refers to the
z"apoumpiration of a disease free
nﬁ;i‘;}“’;;é large fields under opti-
ek T and fertility conditions
n eving full production potential
(FAOe 8iven growing environment

» 1986). The crop coefficient

fhe ratio bery P coefficient is
€en - maximum

crop

evapotranspiration (g,
ence CTOp potentia] ¢y,, ' the
(PET) estimated from, g1 "npi
mula (Frere & Popoy 19': peﬂn::
Kc= ETc ’ 79): fop,
PET
The crop coefficien; ;
effects that distinguish, amleg"ates
- the diff Picy) ¢ I
crop In the difierent groyyy, A
the standard grass referenCes'ages fro,
a constant appearance apq ’a Whicy
ground cover. Different ¢rq co.mplete
different K while the Chaups. baye
age and characteristics of%m Cover,
canopy over the growing scalhc
affect the K.
Step 5.Column 7 represent th
water requirement, WR s estim,
WR = PET, x Kc,

op
SOn alSD

€ Crg
ted ag;

Crop water requirements (WR)
defined as “the amount of water nEe;Te
to meet the water loss through ey, ed
transpiration of a disease free cr};o-
growing under non-restricting soil COE,
ditions including soil water and fertijj )

(Doorenbos et al 1975; 1977). Once
crop water requirements are known,
water needs can be compared with
available water (rainfall and conserved
soil moisture) by using a water balance

model.

The total water requirement (TWR)
of a given crop from planting to harvest

is given as:

HD

1
TWR, = S(PETy, x Kc) + S(PETn, x

Kc)
PD i+1

Where: PD is planting dekad and

HD is harvest dekad

Step 6. Column 8 refers to the dif-
1 water receive_d

either throught rainfall or irrigationand
s the
ter available to CTOPS,
unt the water
this it can be
n rainfall
to the crop
lue is us¥-

ference between actua

the water requirements. It expresse
quantity of wa
without taking into acco
stored in the soil. From
seen that the effect of a give!
amount may vary according
development stage. This va

ally referred as rainfall surplus or defi-

cit (S/D) and is expressed as:
S/D =RY,- WR,

That is if the water supply x¢€€

water 8(1) Octo

ber 0004
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If deficit (A; <= 0) then Li=I,-(AX Where: - i - the current dekad;

100 PETn — normal PET; SM i - Soil mois-

atagiven dekad

b wate l‘;l;ﬁsil“rpr;us (and £0€S to the TWR  ture at the cm_l of dekad 1; Rf i +1. -
; itisS reserve © edf“tf;]"e r:;in- However, if the ‘surplus water has forec:sted rainfall for the coming ‘
syoll r ement exccj] Sdeﬁcit ;s exceeded the AWC, 1t h_as also a nega-  deka :1
{he water that dekad the q mois-  tive effect on the final yml.d. In order to e .
(all a0 n o the conserved sO! determine the effect of this excess wa- Step 12. Estimation of yield
covered '(;abIC- ter Reddy (1991) has suggested a re- For the quantitative estimates of
qre if aval pesoil d uction factor based on the amount of  yields, a direct relationship between the
4 Co g refers to t ;ofa excess water. Hence, if surplus (A, 0  water requirement satisfaction index
Sﬁep "oM) TESETVE at the en he henli=1, - 3xP (1) and the crop yield is used. This yield
moistre ad i. This term cxyfezsesroot where P =0 if 0, A, < 100 can be expressed either in absolute fig-
iven of water prgsent mn ‘1 € 1 i P =1if 100, A, <200 ures (Kg/ha) or in relative figures (per-
quanthhich can readily be utl 1@6 uti)-’ p=2if200, A, <300 centage of optimal crop yield). From
Z0n€, op. However, it can onl“);c elevel The correction under surplus condi- experience accumulated in field
q;ec grup {0 a maximum ;)f AaS - moff, tion s valid only if proper soil manage-  projects and research institutions, it ap-
:led he excess Water will go ment was not used. pears that this cannot be straightfor-
Itis estimated a5* warq linear relation. In fact a crop re-
Step 10. Estimation of the present  ceiving only 50% of its water require-
sM’, = SM,, Sl oM'i and SMi=0  crop condition ments will see its growth and develop-
1f SM’; < 0 then A; = ' = 0 and SMi The following procedures are pro-  ment severely slowed down. In most
i£0,< SM'<AWC then posed by Reddy (1989) for the estima-  cases it will reach some advanced stage
- SM’;' C then A, = SM’; - AWC  tion of the crop condition. For the pur- m the form o.f straw, with a negligible
IfSM1~ AW i ' pose of discussion of the crop condi- yield or no yield at all. In order to as-
and SMi = AWC tion the index is divided into six ranges ~ sess a relative yield it is first necessary

to define the maximum yield possible
for a given crop and location.

In light of FAO’s experience, it ap-
pears advisable to consider the maxi-
mum yield as the average of three best
yields in a series of say 10 years. This
avoids taking as a maximum a yield,
which might be exceptionally high for
different reasons. On the basis of this
“weighted” maximum yield, one can
establish the scale, representing the

as indicated in Table 3.

Hence, the final index value 54% in
our case indicates that there is moder-
ate to severe drought condition and
therefore the crop condition ranges
from fair to poor.

The amount of water usefully
stored in the soil will. depend on the
depth of the soil exploited by the ro'ots
of the crop and the phyto-chemical
characteristics of the soil. .

Step 8. Column 10 refers to deficit

r surplus (S)
& IOfA‘ S')—‘ 0 then S, = A, else D1 = A,
that s, |under this column when the
value is positive then it is S, or if it 1s
negative then it is D,

Step 11. Estimation of the future
crop condition

The future crop condition in terms
of I is expected to be reduced or main-

: : % of yitld in Yield IndexL%

Step 9. Column 11 rcfer§ to the ex-  tained at the same.lcvcl is expressed by Filsisathe onvion.
tent to which the water requirements of future water requirement (FWR) rela- Ferigy GE3 bR
the crop have been satisfied in a cumu- tive to future water available (FWA). yields

; S 7100 d
lative way up to any given stage. This is . g 90- 100 ‘éoﬁsoo 951(-139
termed as “water requirement satisfac- The FWR ff)r i+1 dekad is e?sn- 50 .- 00 Avenge 80- 08
tion index (I)”. On the planting dekad, matedas: FWRi+1=[PETn *Kc]i+l 20 - 50 Moderate 60-79
the index is assumed as 100 %, and re- The FWA for i+1 dekad is estimated el fox 4 -;9
. . . <

fers to no stress. as: FWAi+1 =SMi+Rfi+] P rcﬁlm

The index is calculated as follows.

It is assumed that at the beginning of
the growing cycle sowing takes place
when ample water is available in the
soil. The index is thus assumed to be
100 and will remain at 100 for the suc-
cessive dekads until a deficit appears.
The index at the end of the growing
season will reflect the cumulative
stress endured by the crop and will usu-
ally be closely linked with the final
yield of the crop unless some other
harmful factors (pests and diseases)
have significant effects. i.e.

Water 8(1) October 2004

Table 2. The crop and drought conditions
as determined by the index, 1.

1% Crop Drought simation
¢ ondition
725 Very Poor Vey Severe
25-%0 Poa Severe

50-70 | Fair-Poor Ddbderate - Severe

70-

8
E

80-90 | Good-Far Low

>90 Good

Very low

correspondence between the percent-
age of water requirement satisfaction
index (I) and the percentage of maxi-

_ mum yield foreseeable.

Table 3. Correspondence between the
index and percentage of maximum
yield.

Results and Discussion

The results of the cumulative “./atgr
balance are shown in table 2. .{\s indi-
cated in the table a 180 day maize crop
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over Melkassa does not suffer from wa-
ter shortage from planting (May) up to
the second dekad of September. How-
ever, after this period the rainfall failed
to satisfy the water requirement of the
crop. As 3 result, the final index
dropped to 77%. This index indicates
that there is a moderate end season
drought, which reduced the percentage
of maximum yield in relation to the av-
erage of 3 best yields to drop as low as
47%.
However, to avert this condition we
need to determine irrigation need based
on the forecasted rainfall amount. The

computation is shawn in table 5: In the
table the future water requirement
(FWR) is the water requirement of the
crop determined as indicated in step 11
above. Future water available (FWA) is
computed from the soil moisture re-
serve and the forecasted rainfall
amount. The difference between FWA
and FWR in positive sign is irrigation
requirement. Therefore, this amount is
required through irrigation.

Based on this value, the cumulative
water balance is further computed with
adjustments. The observed rainfall
amount and the water supply through

Table 6. Computation of water requirement satisfaction index based on

Jorecasted rainfall for Melkassa
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irrigation together copgy:
supply to satisfy the ¢ u the
ment. It is indicateq Water ‘\q
season that the index lhf end?:le.
This indicated that we h;alsed hgﬂh
the drought risk to “eglig:‘,;] i %,
the maximum Yield to be Obe 'F\fel

to 87% By using the fore, aineg :"d
amount for determinip Asted 'iin;:
need we have lifted ﬁle . in-iga‘i“
77% to 93 % and corres indey ¢ 0

expected yield for 47, ts (;[;‘z/inglyz
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Conclusions Apg

Recommendatigng

The soil water balance ;
mary factor determining als .the 1-

duction in either rai Encultyyy)
pro. 1ther rainfed o imi
agriculture. In water balance si;‘_ed
climate and soils are linked 1o delles
mine the‘ length and Charactmsﬁcser.
the grc_)wmg se_ason and potentia) yiel:;:
of a given region. As a result of thjg i
has become necessary to forecast ‘ll:e
size and quality of harvest particulay|
for cereal crops - which remain the bay.
sic sources of food 1n most parts of the
world. However,.the method presented
here does not claim to replace the other
forms Qf crop asses§m€nt based mainly
on statistical sampling. Instead, it con-
stitutes a useful complement, allowing
an carly assessment of the crop situa-
tion based on the causes of possible
modifications in crop behavior leading
to crop production loses.

The cumulative water balance
method demonstrates the utility of cal-
culating the water requirement of crops
for short period of 7 or 10 days to show
yield losses due to water stresses in the
plant during its growing cycle. It is evi-
dent that other factors could contribute
to yield reduction. These elements may
be physical such as swong winds,
floods causing water logging, of bio-
logical such as locusts, birds, fungi of
insects.

For this reason, the establishment
of a final forecast of the yields will de-
pend in many cases on the water st_?mlS
of the plant, but should also take 11 o
account all the other causes: This 15
why information as complete a5 PO
sible on all aspects of croP develop
ment is important for the establishment
of a good crop monitoring and forects"
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aim is to find a model,
erates with the maximum of
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Introduction

Generally only few studies haye
been conducted of rainfall charactens-
tics of arid and semniarid of the tropics
(Rowntree, 1988). A review of research
on tropical rainfall reveals that most
detailed studies have been concerned
with the more humid areas, a reflection
of the distribution of both population
and rainfall stations (Jackson, 1977,
Oguntoyinbo and Akintola, 1983). The
few published studies available from
semiarid areas tend to be from outside
of the tropics (Sharon and Kutel, 1986)
and the results are not necessarily rep-
resentative of tropical areas, Ethiopian
arid and semiarid region is not an ex-
ception with almost no study on the cli-
matic pattern of this area. With the cur-
rent high population growth rate of
about 3%, the present and future pres-
Sure on marginal lands seems to be
grzater than ever. In this ares rainfal] i
o e, e cvtanc

evelopment,
The present study tries tg character-

ize the rainfa]] in the arid ang semiarid

region of Ethiopi

drought-
f the arid and

the basic statistical charact

e stations was prePar
found that the rainfal
nificant percentage 0

tion |

Century

{ the Region

Abstract

hit countries in th.
semiarid regio
eristics of t

determine

| distribution is positive

local research programs, r;habilitation
projects, irrigation scheduling, and hy-
drological studies in the area.

Materials and Methods

The study area encompasses the
arid and semiarid region of Ethiopia
found in the southern, southemn-east-
e, eastern, and north-eastern part of
the country. The altitude, latitude, and
longitude of the meteorological sta-
tions are presented in Table 1. Daily
weather data, including rainfall, was
obtained from the National Meteoro-
logical Services Agency (NAMSA) of
Ethiopia. The length of data record for
all the stations was greater than the 30
years of climatic data needed to do ac-
curate climatic analyses in the tropics
(Ste\yarr, 1988; Aldabadh et a., 1982).
Traditiona] summary statistics were
used to characterize the rainfall data.

Table i
1. Range of rainfall data and geographical location of

¢ world, almost no study has ever beey o
ns of Ethiopia. In this study, rainfall da¢,
he rainfall of this region.
d using RAINBOW software. Frequency his‘ogram i
al, and 2 dry year was 4. Probability of wet days and dry periods of different duratiy,

ed. ly skewed. Heavier rainfall events are
f the total rainfall. There is high variation of rainfal| Pattern 5

. fall Climate and
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Nducteq ;,
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20Uty of rajpgy,
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S Wag
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Monthly reference evapotrangp,
tion was calculated using the FA 0 f’ea‘
man-Monteith equation (Allen . a;l-
1998) given as »

_owonln, —a) o o/ (r 2 ), .. )

a *7(] + o:cuz)

a

Q)

where ET, is the reference evapo-
transpiration (mm/day), R is the net ra-
diation at the crop surface (MJ/my
day), G is the soil heat flux density
(MJ/m?/day), T is the air temperature
(°C), u, is the wind speed at 2 m height
(m/s), e, is the saturation vapor pres-
sure (kPa), e_ is the actual vapor pres-
sure (kPa), (e-e ) is the saturation va-
por pressure deficit (kPa), *is the slope
of vapor pressure curve (kPa/*C), and g
is the psychrometric constant (kPa/C).

The monthly reference evapotrans-
piration frequency analysis was done

the meteorological stations

=An Rainfall
Assam
1964-20m
Assebe Tefers
Die D o 1962-2002

Alrimmde  Latimde | Lomgitude
(1 asl)
420 11°20 'N 41°16E
1900 9°02°N 403 1E__
9=22°N 41*30E
5%32°N 4372 1E
9°12°N 4228°E
13°18 'N 39°17E
8°20°NH 39'10:5
5°12°N 3920
7°34°N 38°26’E
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In order to determine the probabil-
: wetday P the number of days
2l 011‘1; were wet were counted and ex-
o ed as @ fraction of the total num-
breis(s)f days (N,) on record for the sta-

tion as
3

Since the climatic records for the
stations are all greater than the mini-
mum recommended length of data
record (i.e., 30 years), the sample esti-
mate is assumed to be reasonably
closer to the population’s probability of
wet days. A day was considered to be
wet when there was more than 1 mm of
rainfall and dry when rainfall was 1
mm or less. The probability of wet day
vs. time was plotted to show the time
when the station is likely to be dry or
wet.

Juble 3. Exceedence probability and retum period for annual rainfall of different

Exe edenice robability 90% | 80% 50% 20%
Renmmperiod (years) 111 | 1.25 2 5
Assebe Teferi 606 694 863 1031
Negele Barena 417 523 - 726 923
Zevray 494 578 738 897
Jiji 372 480 685 891
Dire Deaa 395 473 622 771
DAekels 436 500 623 747
Gode 36 108 247 385
Assaia 59 92 157 221

maghtedpsobability of a dry spell of a
given duration was estimated by using

a conditional probability as follows.
From the daily rainfall data, the number
of rainy days and dry days were
counted. The event “day i is rainy” is
denoted as R, while the event “day i is
dry” is denoted as D, The notation
P(D/D, ) is the probability that two
consecutive days are dry and P(D/D,,
¢D, ) is the probability that three con-
secutive days are dry. Similarly P(W/
W) is the probability that two con-
secutive days are wet. In this way, dry
periods of lengths of upto one month
were determined. A major application
of dry spell analysis is to predict ex-
tended drought durations during the
growing season, which forms a basis
for planning the crop production strate-
gies (Sharma, 1996).

Monthly and annual dependable
(20%, 50%, and 80% exceedence)
rainfall was calculated using RAIN-
BOW. The 20% dependable rainfall is
expected on average to be exceeded in
1 out of 5 years, 50% in 1 out of 2
years, and 80% in 4 out of 5 years. The
frequency of dry, normal, and wet years
was estimated after calculating the 20%
and 80% dependable rainfall. Each
year with annual rainfall above the
20% dependable rainfall was taken to
be a wet year, each year with annual
rainfall less than the 80% dependable

Table 2. Agroclimatic zonation

Suation Precipitaion ~ Ewvapotranspiration Aridity Zomatiar -
(o) (o) Inde x
Assata 157 1842 0.09 Arid
Assebe Teferi 863 1651 0.50 Semisrid
Zevray 737 1554 0.47 Semigrid
Mekele 627 1742 0.36 Serniarid
E9_de 266 2156 0.12 Arid
e 672 1634 0.41 Semisrid
gfgeh Borena 727 1505 0.48 Semiarid
| Dire Davny 628 1970 0.32 Semiarid
Water 8(1) October 2004
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rainfall was taken to be a dry year. Each
year with annual rainfall in between
20% and 80% dependable rainfall was
taken to be a normal year. The number
of dry, normal, and wet years were then
counted and expressed as a percentage
of the total number of years on record
for the station. This gives estimates for
the frequency (probability of occur-
rence) of dry, normal, and wet years.

The distribution of daily rainfall to-
tals by amount and frequency was ob-
tained using a frequency analysis of his-
toric daily rainfall. This was achieved by
counting the number of times a daily
rainfall of specified amount occurred
during the recorded period for the sta-
tion. 3

Results and Discussion

Agroclimatic zonation

The aridity index (Al value) calcu-
lated using Eq. (2) is presented in Table
2. Included in the table is also the cor-
responding agroclimatic classification
of the stations based on the UNESCO
classification criteria. Two areas,
Assaita and Gode, are relatively arid as
can be seen from the low rainfall and
high evapotranpiration in these areas.
In some stations such as Dire Dawa, al-
though the evapotranspiration is high,
due to the relatively high rainfall, it is
described as semiarid.

Amount of rainfall expected in dry,
normal, and wet periods

Exceedence probability and return
periods of annual rainfalls of different
magnitudes is shown in Table 3. Some
areas such as Gode and Assaita, even if
the rainfall at exceedence probability
of 20% is considered, it is not possible
to produce crops without irrigation.
Monthly dependable rainfall for Dire
Dawa, Mekele, Gode and Negele
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enting the east, north,
south of the country de-
RAINBOW is pre-

Borena repres
south-east, and
termined using
sented in Table 59

The distribution of dry, normal, and
wet years for the stations is shown in
Table 4. From the table it can be seen
that in almost 60% of the years, the
rainfall received is within the normal
range, in about 20% of the cases it is in
the wet range and the remaining 20% is
in the dry range. The accuracy of these
estimates will increase as the length of
the climatic record increases. '

The shape of the rainfall distribu-
tion is important in that interpretations
of several statistical terms depend on it.
The distribution of a set of observa-
tions is best characterized by a histo-
gram, a chart which portrays informa-
tion about the central tendency as well
as about the vanability of the observa-
tions. The frequency of rainfall of dif-
ferent ranges is plotted as shown in Fig.
2. The histograms indicate that small
rainfall occurs more frequently than do

mounts. Such a distri-

to be “positively
skewed.” This fype of skewness is
characteristic of the distribution of
rainfall in arid and semiarid regions. In
particular, the drier the climate, the
higher will be the degree of skewness
(see also the values of index of skew-
ness in Table 6). Table 6 shows the ba-
sic statistical parameters relating to
each rainfall station. The coefficient of
variation of annual or seasonal point
rainfall is, in general, negatively corre-
Jated with mean annual rainfall amount
indicating the greater variability of an-
nual rainfall with decreasing mean
rainfall at a point. The ratio of mean de-
viation to the standard deviation has
been included as an indication of the
normality of the distributions. For a
normal distribution, this value is about
0.80 with the 95% probability limits of
0.75 and 0.85.

_ Another characteristic of arid zone
.ramfal_l, in addition to its skewness, is
its variability. Water development plan-

relatively large 2
bution IS said

ning and manage _
present dijﬁcultigesm:l}ll; g
to the limited amoyp,; Ch ape duz%ﬂ
the inherent degree o;“a.infall e l%
ciated With it. In tery. bty o0
the standard deviati;;’i’erate Yaggy
fall i about 10208, 1, 20al 1.
arid climates, this Vaiue iand ang au?.
The practical implicatios Much high""‘
skewness and Variabilityn: of 'ainf:ﬁ
the impacts of climate or Bsessiy
that such impact ass eSsmen Socie arE
based on entire probabi?tss Oulq
tions rather than on meap ‘:‘31’ distn'bm

In comparing the meap : UCS alop
dian, it should be noted that Ttl_d the e,
tively skewed distribution, thor 2 posj.
is smaller than the mean, mse Medjay,
with the normal distl’ibuti()n, fCOntra'sLs
the mean and the median are i‘(’j’ Which
except for sampling ﬂucmatio;ntncal,
mean is extremely sensitive tq s.kme
ness in that it tends to be inflated 2
relatively few cases of large Vaylthe
which cause more than half of the :;s
servations to fall below the mean, Fm:
example, the number of rainfall dat,
belgw the mean (%) for some of the
stations are: Assaita (56%), Negele
Borena (58%), Zeway (55%), lijiga
(62%), Gode (61%), and Mekele
(51%). In addition, rainfall observa-
tions close to the mean value do not oc-
cur often in arid and semiarid regions.
For example, the number of observa-
tions falling within 10% of the mean
are: Assaita (21%), Negele Borena
(26%), Jijiga (32%), Gode (19%) for
Gode, Dire Dawa (34%), and Mekele
(37%). Hence one might conclude that,
at least in some sense, the mean is too
Jarge and not at all indicative of how
much rainfall commonly occurs in this
region, making its interpretation un-
clear.
The median, as a measure of the
midpoint of the distribution of rainfall
observations, is affected only by the
number of extreme observations and
not their values. It is, therefore, less

Table 6. Basi isti
: - c statistics of th 3 i
Station n S 0f the annu. : :
— w':rm Men 1 58° | Modws T SDF T Cv al fzgulfa:l data at different meteorological stations
Amche T. 19622002 |_36) ; 14 n_| 04 -o;: L Maxi Range | 93%CB . D
DweD. 1953200 | 620 2] 18 0n ST 038 14 3 297 2 sT_| o5
Godo 1967-2002 = ML 5 | o - 20.09 %04 1786 302 = 4|01
T 268 7] 23 1 057 .08 (30
B 9532002 | 671 59 5 L 4 313 948 633 43 13 -
nN—_—“"U" 960-2002 | 627 6]9 m X .“ 1.23 39 754 713 [7) 115 O.T;
RepB | oS0 | 7 T ) = 14 9 1293 357 a E
P T T T 223 ; T 0.0 7 1106 753 ] o[ 0%
S;: 02002 | 70 |3 T esi 02 o _%"‘3 292 138 1089 3 :3 o
] - ), )
= gian, 0.24 3 366 121 851 49
dard error, SD* = standard deviation, CV- = c::;r p——— [ 1095 | 6% & B
: ~L - —
cient of variation, CB* = confidence band, | * = mean devistion
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es than is the mean.
dhosirp i rtant, the
psitive * *d more importan’
additio®s kewness does not change
P“Sence of;n‘on. The median still
js P amount of precipita'tion
P ded one-half of the time.
g petween these two mea-
The 9 f central tendency raise the
which on€ best represen.ts
l'.’ with respect to the rainfall in
“n.orma' 7 It can be argued that for
thi> reg_lo the mean, in reality, is above
thy regl?'nwhile the median can still be
“normalte’d as «normal”. Hence it is 1m-
wiEE e to note that, although most
ol sctas of semiarid rainfall assume
:;1:1 )t{he mean is an appropn’ate‘measure
of central tendency, fhe median may,
depending ©of the circumstances, be
re?‘lrnaeb:;ndard deviation is a statistic
which only measures the variability
well when the observation are normally
distributed. Because it is a measure of
the degree to which each observation
deviates from the mean, the standard
deviation is based on a measure of cen-
tral tendency which, as has been noted
for the arid and semiarid Ethiopian

ks
tnax.'ch is excee

jfference

rainfall data, is too large. The standard
deviation is also overly sensitive o ex-
treme values because they result in
large, unrepresentative squared devia-
tions from the mean. Consequently, a
few relatively large amounts of precipi-
tation may make an inordinate contri-
bution to the standard deviation, There
appears to be two definite advantages
of the CV as a measure of rainfall vari-
ability: firstly, it is considerably faster
and easier to compute from original
data; and secondly it is intimately re-
lated to a measure which characterizes
the frequency distribution of any series
of rainfall totals. However, because the
coefficient of vanation differs from the
standard deviation only in division by
the mean, it has the same deficiencies.
The range is a simple measure of vari-
ability. It is not particularly sensitive to
skewness because it does not depend
on the shape of the distribution curve.
Its interpretation is, therefore, always
clear; it is the difference between the
greatest and the smallest amounts of
rainfall ever observed.
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Probability of 5 wet day

_ The frequenc
important determinan,
!(nowledge

Lainy days for arid ang
0 not necessarily
of rainfall sinceyi;]m::iil
number of rainy da
quent. A daily p)c';int yr:inaf:il "&ml’e -
‘_mﬂlysis Was carried out and th?l:
1S presented in Fj -
] 8. 3. The plotted
points on the graph show the freque
of occurrence of daily rainfall of 1 ﬁ
or more fo!' each calendar day in the
record period. The probability plot
clearly shows the rainfa] pattern in a
year. It can be seen that gver along time
peniod, there is a well-defined daily
rainfall probability pattern within the
season. The shape of the curve varies
from station to station. From the figure
the probability of daily rainfall occur.
rence throughout the year may be in-
ferred. Thus, for example for Dire
Dawa, we would expect about 2 rain-
days in January (0.07 x 30), 7 in March
(0.24 x 30), and 13 in July and August
(0.43 x 30).

The probability of a day being wet
throughout the year is 0.75 for Mekele,
0.50 for Dire Dawa, 0.52 for Negele
Borena, 0.48 for Jijiga and 0.55 for
Zeway. Since the rainfall pattern in

Semiarid areas
higher amouny
areas smaller

Mekele is highly unimodal, 80% of

Mekele’s annual rainfall occurs from
June to September. The Mekele area is
almost dry for the rest of the season
(October to May). The rainfall intensity
is high during this period and runoff
and erosion would be very high unl-ess
different soil and water conservation
structures are implemented. The nain-
fall pattern in Dire Dawa arca is bimo-
dal with two rainfall peaks: one from
March to April and the other from July
to September. The first peak occurs uf
the last week of March while the S’;’f
ond peak occurs in the begmlrlni g

August. About 45% of the ann

; period.
fall occurs i 5 HEE T, 35 quring

. ility is -
The highest proba't;;lt:'n " 0.0 duriog

the fist peak fkc.nNcgcle Borena also

the second P¢

Figure 2. Rainfall distribution frequency histogram
27
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Figure 3. Probability of a wet day during the year at different stations.

exhibits a highly bimodal rainfall pat-
tern. The two peak periods are such
that: the first peak is from mid March to
mid May and the second peak is from
beginning of October to mid Novem-
ber. Unlike other stations, J uly and Au-
gust are dry periods. Jijiga area exhibit
only slight bimodality in April and May
and September with the annual highest
number of rainy days occurring in Sep-
tember. Generally, the rainfall is djs-
tributed from March to September. At
Zeway, the number of rainy day starts
increasing in March and peaks in Au-
gust and decreases then after. At 2
probability level of 0.20 of a day being
wet, only a period can be identified
from June to mid September which js
the main growing season.

Probability of dry periods of

different durations

Further investigation into the prob-
ability of occurrence of daily rainfal] ag

28

a function of the occurrence or non-oc-
currence of rain on the previous day(s)
was carried out. Knowledge of the oc-
currence of dry periods of different du-
rations is important in agricultural
planning (irrigation scheduling) and
hydrological studies. In this study the
probability of occurrence of continu-
ous dry periods ranging from 2 days to
one month duration was determined
(Fig. 4). ,

The probability of occurrence of
dry periods of different lengths was dif-
ferent for different stations. At Mekele
the probability of occurrence of dry pe-
riod of even two days is very low in
July and August. However, the prob-
ability of occurrence of dry period of
€ven one week is about 90% from Oc-
tober to February. Therefore, if not
supplemented by irrigation, crop pro-
duction is very risky during this latter
period. In Dire Dawa area the probabil-
ity of occurrence of dry periods of one
week is less than 50% for the months
from March to September. During July,

60% through,

¢ lty
‘ ut th YSisjeg, 2 Of
lty of dl'y pen0d e)’ear. S5

]t:m 20% in July A0

€r and the ;{robability of b Septem_
tWo weeks g less thyy, g;{ Petigg of
months from April to Septemf: for g,

Cr.

Cumulative frequency ang
Clumulative depy, of daijy

rainfaj|

estimate of percenta
fall falling in storms
It can be observed th
fall events are more

8¢ of anny,) Iain.
Within each clasg,
at the lightest Iain.
frequent, Tpe dis-

tribution of daily
highly skewed, a ¢
proportion of the ra

rainfal] depths s
Omparatively smal]
in-days Supplying a

high proportion of the
Africa, Harrison (19
following: only 13%

rainfall, In South
83) observed the
of all rain-days in

the Eastern Orange Free State

are re-

sponsible for 50% of the rainfall and
only 27% contributed 75% of the total
rainfall, whereas the lowest 50% of all
rain-days produce as little as 7% of the
rainfall. Similar observations were
made elsewhere in the world includ§ng
Argentina (Olascoaga, 1950), Florida
(Riehl, 1949), Philippines (Richl,
1950), and the Sudan (Hammer, 1968).
In this study the following observa-
tions were made. In Mekele area abozuof
98% of the storms produce lessu tha?thc
mm but accounting for only 69/0 o e
total rainfall. From Figure 5 it can
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Figure 4. The probability of dry periods of different

seen that 3% of the storms and 53% of
the total rainfall amounts equalh or ex-
ceed the 15 mm required for rainwater
harvesting (Roberts, 1985). 'Although

the heavier rainfall events are relatively

infrequent, they make up a signiﬁcgnt
ntage of the total rainfall. At Dire

perce

Dawa, about 98% of the storms pro-
duce less than 20 mm but accounting
for only 53% of the total rainfall. Only
1% of the storms produce 40 mm of
rainfall or more, yet they account for
18% of the annual rainfall total. In
Negele Borena area, about 97% of the
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Figure 5. The distribution of daily rainfall at the rainfall stations by frequency
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::Ounlm' Produce less
g for ont but ac..

67% Drﬂ’lcw _Of “n mnm m
Ilm“

seen that 4% ofthethc figure it can pe
the tota] rainfall
ceed the 15 mm, Ope
storms produce 40 Petcent of the

mm of
more, yet they accg of rainfall or

unt fi
annual rainfall tota}. or 17% of the

The anmual mj
plotted against muu;f]a m ooy
days for Dire Dawa data (F; et
be observed that th m]mmﬂ:lg. i
Mo it = of rain-

positively correlated with to-
tal annual rainfall (r =40.57). In most
Ofthe_yeaﬁs, a decrement in rainfal] vol-
ame .
it H it
; - peniods the corre-
lation l?etween annual rainfall and an-
Pual rain-days cannot be significant, as
in the longest dry period, the mmmber of
rain-days remained high inspite of the
low precipitation as observed also by
Lazaro et al. (2001) in Spain.

Rubin (1956) showed that rainfall
over South Africa increases with both
increasing numbers of rain-days and
increasing rain per day. Equivalent re-
sults have been obtained elsewhere
(Riehl and Schacht, 1947; Smith and
Schreiber, 1974). This has an important
implication as the mitigation of
droughts by cloud seeding may depend
on the maintenance of a sufficiently
high frequency of light rainfall events
during a dry period (Flyn and Griffiths,
1980).

Conclusions

Most of the dry aI'Cas o‘f Eﬂ]iopia
can be classified as semlanfl clx-xmte
rather than arid. The rainfall in thxs re-
gion is positively skewed indicating
more number of small rainfalls than big
ones, and the median value was sm'ad;er
than the mean which are charac@nsuw

. -
of arid and semlanq regio !
Although heavier rainfall even;s[:;c call;;
frequent, they make

up 2 s i
percentage of the total rainfall. Const
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Figure 6. The relation between annual rainfall and number of rain-days at Dire

Dawa

ering a rainfall level which is exceeded
in 4 out of 5 years, rainfall in most of
the arid and semiarid regions of Ethio-
pia is not sufficient to support rainfed
agnculture. Therefore, impact assess-
ment should be based on entire prob-
ability distributions rather than on
mean value alone. Since the time of oc-
currence of rainy days varies irrigation
and water conservation planning
should be designed accordingly.

The probability of getting a day
which is wet throughout the year is
0.75 for Mekele, 0.50 for Dire Dawa,
0.52 for Negele Borena, 0.48 for Jijiga,
and 0.55 for Zeway. The probability
plot of number of wet days follows
similar pattern as the rainfall amount
distribution in a year. Annual rainfall
was positively correlated with the an-
nual number of rain-days.

It is becoming increasingly impor-
tant to understand the nature of vari-
ability of rainfall so as to be able to op-
timally utilize the low rainfall areas for
agricultural purposes. A simple analy-
sis of the frequency distribution of sea-
sonal or annual rainfall amounts is of
course of great value giving estimates
of probabilities of having more (or less)
rainfall than certain specified amounts.
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alysis of Rainfall Climate and
?Vapotranspiration in Arid and §
Regions of Ethiopia using Datg
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I1. AD

vapotranspiration are the two major climatic factors
Rainfall ?nd; rgeasured, evapotranspiration is estimated from weather d
fall can be direc syesﬁmated using Penman-Monteith, under ful] data and |j
ion ETo w: d. Monthly rainfall and evapotarnspiration data were plott
Hargra¥es mef‘ oe.riods for several stations in arid and semiarid Parts of the
moisture d-em;( gi[ferent probability levels were compared. Tem
‘m"smr-a"?:dices: cumulative departure index,
ggriabkly] hen there is only limited data, it is better to estimate
Tyt t'lmtl“l";ed methods such as Hargraves. ETo showed relatively |
us“!gsillr;g :,vas very high. From these plots information on rainfa
varia

pirat

years was obtained.

Introduction

In general, soil mo_isture manage-
ment in arid and semiarid areas is faced
with limited and unreliable rainfall and
high evapotranspiration rate. There-
fore, it is essential to unde.r§tand the
spatial and temporal variabn]nty of _Lhe
amount of rainfall received in relation
to evapotranspiration rate in order to
develop effective management strate-
gies. The Horn of Africa has for a long
time been an area neglected by climato-
logical studies. However, repeated
droughts badly affect the region, each
time claiming the lives of several hun-
dred thousands of people, e.g., 1973-
1974 and 1982-1985 in Ethiopia
(Beltrando and Camberlin, 1993). It is
true that long term annual rainfall se-
ries in African dryland countries are
limited (Ogallo, 1983). However, some
authorities (e.g. Dennett et al., 1985)

would argue that long term recor
not needed, since it

to use the last 20 o
rainfall data to pla
ment and rehabjlj
In order to ¢
niques for forec
nual rainfa]] 5
Variability of

ds are
1s more appropriate
1 30 years of annual
n effective develop-
tation strategies.

evelop objective tech-
asting seasonal and an-
mounts a study of the
rainfall based on past
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Abstract

records is essential. A presentation of
the variation of this basic climatic pa-
rameter in this part of the world may
also contribute to the understanding of
the large scale behavior of the atmo-
sphere. Some earlier studies of the East
African rainfall variability have been
summarized in Brown apd Cocheme
(1973). Recently, a major concern has
also emerged about an increasing fre-
quency of dry years in many parts of
sub-Saharan Africa.

Evapotranspiration is another im-
portant climatic factor in the arid and
semiarid areas but its accurate estima-
tion is very difficult, However, the
evaporation from a free water surface
(pan evaporation) and the €vapotrans-
piration of a perfectly irrigated perma-
nent vegetation cover (reference
€vapotranspiration) are not too difficult
to evaluate. Having well-defined con-
ditions, these two kinds of evaporation
may provide benchmark characteristics
of evaporation for climatic conditions.
Both are very useful for practical pur-
poses. In this study reference
€avpotranspiration was determined us-
ing the FAO Penman-Monteith method
(Allen et al., 1998).

The major objectives of this work
were 1o statistically analyze the tempo-

affectin

poral variation
standard climate departure ind
ETo using

OW variatio

Il pattern over the Past 50 ye

EMiarig
over the

Dr.Ketemgq Tilahyn, Alemayq Univery;,
ity

8 agricultura) Productio i

- .
ata. In this styg bt
mited data av,
ed

country. Rainfa))
of annua) rainfal] was analyzed yg;
€X and rainfa)) e

y reference €Vapotraps.
ilability Conditions, 34
and compareg in order ¢q determine

and reference €vapo-

Anomaly indey. It was

ral varation ip mo
rainfall and evapo
area, identify drg
various indices,
quency of dry,
The parameters

nthly apgd annua)
tospiration in the
ught periods using
and determine the fre-
Dormal and wet years,
analyzed were pa;

Vvariability, monthly rainfa)) distribu-
tion, frequency of wet years, annua)

rain-days, and monthly distribution of
€vapotranspiration_

Material angd Methods

_ The basic data consists of weather
data for 9 stations given in Table |
(Tilahun, this issue). Daily rainfall,
maximum and minimum temperature,
relative humidity, wind speed and sup-
shine hours data were obtained from
the National Meteorological Services
Agency (NAMSA) of Ethiopia from
the period as early as 1950s for some of
the stations. In order to obtain uninter-
rupted data series, missing values were
synthesized by correlation with neigh-
boring stations. For  many
agrometeorological purposes  the
WMO recommended that length of 30
years will be quite adequate. This is es-
pecially the case for agricultural plan-
ning purposes where most of t_he deci-
sions are made relative to the immedi-

)|
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ate, rather the most distant past

v, 1985). )
Um: m) used in drought index
calculations since it is the most impor-
tant hydrological variable and Eenar-
ally one of the only nrteomhglc‘_d
measurements made in arid and seon-
and areas. Rainfall vanability indices
were used to identify droughts and to
establish some arbitrary values for
drought identification. These simple in-
dimwhhminfaﬂastbeonlyinputpcp
form comparatively well compared
with more complicated indices in de-
picting periods and density of droughts
(Oladipo, 1985).

One of the rainfall variability indi-
ces used was the simple climate depar-
ture index (SCDI) or standard score.
Variations of the SCDI (z-score) have
been used by Ojo (1987) and Suckling
(1987) to describe anmual rainfall vari-
ability. It is calculated as

SCDI(Z)=£—1” 1)
(e

where SCD1(z) represents the
simple climate departure index (stan-
dard score), X a given annual value, m
the arithmetic mean of the dism'bution,
and s the standard deviation of the dis-
tribution. For a normal probability dis-
tribution, approximately all values are
within + 35 of the mean. Similarly,
there is a 68%, probability that a valye
will lye within the interval mt1s, and

95% probability that the value is be-
tween mi2s.

van Rooy (19 i
dex (RAI), which has been modified to

account for non-normality, and s cal-

ted as follows for Positive anoma-
lies

RF — M
RAI = 43 X =My,
[MHIO—-MRF:I @

and for negatiye anomalies
RAI= 3 RF-M, ;
M no—M RF @

where RA] Tepresents the annyg)
rainfa]]

32

anomaly index, RF the actual

rainfall for a given year, M, . mean for
the total length of record, M, the
mean of the 10 highest values of rain-
fall on record, and M, the mean of the
10 lowest values of rainfall on record.
The RAI of van Rooy has been shown
to be a very effective index for detect.
ing drought periods, and it compared
favorably well with the more complex
indices of Palmer and Bbolme-Mooley
(Oladipo, 1985). While zfnal_yzing
drought periods, evapotranspiration js
another factor which should be consid-
ered.
There are several methods to esti-
mate evaporative power of the atmo-
sphere with different data require-
ments. These range from the simplest
Hargarve method which depends only
on temperature to the complex FAQ
Penman-Montheith methnod (Allen et
al,, 1998). Inorder to see the applicabil-
ity of Penman-Montieth €quation un-
der limited data availability condition,
ETo calculated using all data required
for Penman-Monteith equation and
limited data availability was compared.
ETo was also calculated using the
Hargrave method and the result of the
three methods was Ccompared. In the
Penman-Montejth Method, ETo cap be
determined using temperature data f
(T), temperature and relative humidty
f{T.H), temperature, relative humidity,
and wind speed fiT,H,U) and tempera-
ture, relative humidity, wind speed, and
sunshine hours flT,H,U,n).

Results and Discussion

Evapotranspiration estimation
Evapotranspiratiop was determined
as a function of temperature f{T), tem.
Perature and relatjve humidity f{T,H),
temperature, relative humidity ang

al, 1998). The refer
ration determined
Dawa areas jg pres

ence €vapotranspi-
for Gode ang Dire
ented in Fig. 1. Ref.
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1s not available, the ; e duatioy.

based on fiT) only
such Conditions,

Reference evapotranspiration d
termined usin .

method Tespectively.
piration estimated by  Penmap-
Monteith method ag f{T) is closer to the
Penman-Monteith with full data than
the Hargraves method. This shows that
it is better to use Penman-Monteith
method than Hargraves method when
we have only limited data, for example
only temperature.

):0\5 1:qf)‘ollow up to the above obse{'
vation annual reference evapotranspi-
ration ETo for several stations in arid
and semiarid parts of the country i
estimated using temperature data ﬂ;’g_
3). From the stations shown in th::,vhi%e
ure, Gode has the highest ETo nfall,
Mekele has the lowest. Unlike ra
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Monteith method and Hargraves mé

ETo did not show much variation owfer
the years. The respective Fange of rain-
fall and evapotranspirat:on (B, ET(?)
values in mm for some stations 1S
Mekele (788, 267), Negele Borena
(1089, 307), Dire Dawa (635, 336),
Gode (715, 325) and Jijiga (897, 226).
The range of rainfall is much higher
than that of evapotranspiration. This
shows thazt mrglinfall is a
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climatic factor and success in rainfed

agriculture largely depends on rainfall

than evapotranspiration. Therefore, it

is better to invest in establishing rain-

fall measurement than evapotranspira-

tion estimation.

Monthly variation of rainfall and
evapotranspiration

Monthly evapotranspiration was

highlv variable estimated and compared with the
e e

—=—Gode

1950 1955 1960 1965 1970 1975

1980 1985 1990 1995 2000 2005

Y ear

Figur 1
gure 3. Time series of reference evappotranspiration at selected stations in

arid and semiarid parts of Ethiopia.
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monthly rainfall (Fig. 4). This is help-
e dﬂcrfi:;mg the moisture deficit
[ Tl W I
gation isp:n'gh Fr::)n l-"il;c m t;?r il
: N - ollow-
ing observations were made. Assiata
and Gode are the areas where the dif-
ference between ETo and rainfall is
high throughout the season. Mekele
Negele Borena, and Zeway are ux’
three stations where the rainfall amount
exccgds evapotranspiration at least for
clzaertam period in a year. At Negele
oty mintll sxcesds ETor Ape
eeds ETo; April,
May and October. During the rest of the
season, ETo exceeds rainfall by about
104 mm. In Jijiga and Dire Dawa areas
rainf'all and evapotranspiration are’
relatively closer throughout the season.
In Jijiga area, from October to March
there is a high difference (about 104
mm) between ETo and rainfall. At Dire
Dawa in April, July, and August the
two values are closer (with an average
difference of 77 mm) than in the rest of
the season. The highest difference is in
June (about 190 mm) as this is the
month with the highest ETo and the
second lowest rainfall. At Assebe
Teferi, the difference between ETo and
rainfall is maximum in the months from
November to February and in July and
August. There is no time where rainfall
is higher than ETo. In Zeway area, the
difference between ETo and rainfall is
high from October to March. During
the months of July and August rainfall
is higher than ETo. At Mekele, ETo is
much higher than rainfall for most of
the year, the average difference being
130 mm. However, rainfall is higher
than ETo in July and August by anaver-
age of about 100 mm. This excess rain-
fall during this two rainy months need
to be stored for use during the rest of
the season. In Gode area, there is a
huge gap between rainfall and ETo in
almost all the months. The average
yearly difference being about 158 mm.
In the months of April, May and Octo-
ber the difference gets smaller with the
average difference of about 131 mm.
Land management programs must
be designed in such a way as to cope
with the probability of drought being
an aperiodic, as well as arecurmiog phe-
nomenon (Glantz and KatZ 1985).
Therefore, utilization of probability
curves for monthly rainfall is important
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vective storms. After a storm, it js ot
250 uncommon f i
—e— 20%ETo —— 50%ETo rain to b(; Ogr app(riecmble'amoums =
Pkl ey served at a single gauge

—®—50%R  —a— 80%R site while all neighboring gauges

record little or even no rain, Although
over the years these effects tend to bal-
ance out, it is nevertheless true that an-
nual rainfall recorded at gauge sites a
short distance apart can vary signifi-
cantly. Moreover the effectiveness of
rainfall depends almost as much on its
timing as on its total during the season.
A false start in May followed by a dry
spell in June can be disastrous. cht:;l:
(1987), for example, demonstratcdmio_
recent droughts in northeastern E
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) ° atel e of all rainfall years fall
° | within +1s of the mean Meke
3 q This value i - 5
; > o is 76% for lijiga, 7
N Negele B g
34 3 Ag Borena, 64% for Dire Dawa.
- . pproximately 95% of all rainfall
: years fall within +2s of the mean
il 0 Mekele. This it for
% | 2 | iy ; L value is 92% for Jijiga,
: . o0 o 1680 1890 1g70 1880 1690 2000 2010 Da»:aoilult::l(elggm i rmscD:;
' s e i Jused e 2
12495: 2 » o statistics for central Suadanc z(19'00-
- il 1986) and found a significan i
i tence of dr i 7 i
=TIcE 0 ought since the late 1960s. A
g Al similar rjonclusion was reached 'for
g ) \tZ:st {\fnca by Ojo (1987) who found
& t.smce 1967 droughts have been
: a1 relatively persistent. However, no such
o . ,
: L pcir;;stenccwasrecordcd for the annual
E | rainfall data from Perkerra in Kenya
d° Mw .121950 4980 1670 1060 19090 2000 Lk (Sutherland et al., 1991). From Fig. 7 it
e L — = 1930 2 2 B i .canbe observed that in Dire Dawa area,
1 ear of recor 1973 was the worst drought year fol-
iations of annil al rainfall from the mean lowed by 1984. In Negele Borena area,

ve de
the lowest rainfall record was in the

& ) cumu]ali o .
Time S= s semiarid stations in Ethiopia.
year 2000. In the Northern part of the

oure 6 ;
F'ig;e selected arid and
ata indicate that in Mekele, start-  country, as can be seen from Mekele

fall. D
- ing from mid-1960s to 1980s there was  data, 1984 is the driest year
(;umulaﬁ\le departure index a gecreasing trend of rainfall. After this  Generally in the past 5 yzm t;: :;ic;}r:[l
of annual variability and period, the rainfall seems to becloseto  was below the long term normal.
A measr® ds is achieved by plot- the long-term average (Fig. 6). In Jijiga
lfmg-te urt;il;atwe departure from the and Negele l?-orena.areas, the rainfall Rainfall anomaly index
ting the © an for the period of amount was increasing from 1960s to -
arithmetg EZ plot of cumulative de- Jate 1970s and decrease thereafter. The RAI for Mekele ranges from
record. the long term pcriods of up- +4-7 in 1968 to -5.2 in 1984 (Fig. 8).
‘fﬁ’i;d Jownward movement of the Simple climate departure index This value ranges from +4.46 in 1996
rrespond respectively with . . 19._-5.3_8 in 1973 for Dire Dawa. For
grepht nd below average rain- The rainfall at Mekele did not show Jijiga it is +5.02 n 1976 and -3.76 in
1984. The rainfall varied a lot around

those of above 2
__/____——f——_’——__’_}
the mean. In the Jijiga area, the rainfall

//W 4
= Mekele 3 Jijga
; 2 was below the mean for the past two
? ; 1 decades and it was above the long term
g,/u D mean in the two earlier decades. In
5.1 -1 Negele Borena area also the rainfall
“.2 o was below the long term mean in the
. -i [ last 6 years. There is no evidence of
—41950 1960 1970 1980 1980 2000 2010 1850 1960 1970 1080 1990 2000 2010 drought persistence in the region. Val-
3 4 ues of the SCDI < -1s and RAI < -3
3} Negde Borena 3’} Qire Dawa ‘ normally correlate with drought.'thc
22 2 | most devastating drought in Ethiopia
g : 1 occurred in 1984 The 1984 drought
i : was also experienced in other areas of
§; ; Africa, such a$ Kenya (HomeW!
-3 2 Lewis, 1987), the Sahel (Dennett etal,
g G ——— 4 1985), Sudan (Walsh et al, 1988;
\950 15060 1970 1080 1. O 2000 2010 1950 1900 1970 1080 1990 2000 2010 Hulme, 1989), andianstAﬁ'lca(OJO-
Year of record 1987). The rainfall regime in th_e Sagfcl

Year of record
has changed considerably during
The devastating

ranfall at
‘ last three decades

Fi, : ; 3
soiufe 17 Time series of simple climate departure index for annual
e selected arid and semi arid stations in Ethiopia.
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semiarid stations 11 Ethiopia.
i - ns of the degrada-
drought in 1972-73 was followed by an t?nt -w1th the ;O?g;j s i
ing drought in 1984. tion-induced dro hes
o D devasmm;gtb jon experi the regiona] differences. An initial per-
i of the regio - gion: :  per
i - pefore  turbation 10 the annual rainfall series Is
feedback mechanism

4 different rainfall pattern

ght. In some of the areas
3 to 4 years before 1984, there was 2
decreasing trend of rainfall. In some of
the areas such as Dire Dawa, the year
immediately before 1984 was @ year
with very much above pormal rainfall.
As was observed from monthly data
(not shown here), the primary reason
for drought in the area was the failure
of March-April rain. These rainfall pe-
riods are crucial to agriculture and for-
age productivity in the area.

The evidence available does not ap-
pear to be conclusive on the issue of
permanent changes in climate on a his-
torical time-scale. However, it is now
widely recognized that significant
variations do occur in the “average”
climatic conditions locally experienced
in successive periods of thirty to fifty
years duration. For example, consider-
ing the Sahelian rainfall over the past
few decades, there has been the persis-
tence of drought. Starting from the late
ll9605fthcre has been a continuing pat-
S e A i

gional rainfall series generated
for thf: Sahe.l. This strong persistence of
Sahelian rainfall anomalies is consis-

ence
the 1984 drou

36

amplified by the

leading to continuation of the anomaly.

Although rainfall increased progres-
sively from the especially severe 1973
drought year, this recovery did not last
long and again In 1984 there was
drought.

The foregoing results show that
the Subsaharan drought was not likely
to disappear in the near future. The
fact that the present drought has ex-
tended from 1960s to the present
shows that the Subsaharan rainfall
record contains “unexpectedly long
runs of wet or dry years” and that its
droughts “tend to be rather persistent”
(Lamb, 1982). However, there is gen-
erally underestimation by decision
makers, political and otherwise, of the
likelihood of drought in and around
arid regions (Katz and Glantz, 1977).

Conclusions

Good agricultural planning in arid
and semiarid areas can be achieved
qnly with an understanding of the sta-
tistical properties of the climatic fac-
tors; rainfall being the major climatic
parameter. Other parameters can be ag-

gtf:gated by evapo
rainfall can be me,, irag;
be estimated frop, ize sl
rameters. When oy, Other °lim?»‘°ﬁ
for ETo estimatigp i‘?ﬂndah e
Monteith methoq i g F, ;“mi,w
advisable to D0t ayy; %M
Use th by, .
rather than going f; S sam | ity
or g :

such as Hargraves m, thlmple

Unlike rainfal], g,
do not show UIUCh’v .ap."hnmha_
This is the results of Joy, tiop vz, oy
weather factors used to varj oy
rameter over the alc“late N

: Years. Therep.. 8P,
agricultural planning, nor °foredm@
should be given mych all Varigh;
evapotranspiration, Fromanenﬁon “32
son of rainfall and wap;he co
time series, it has bee Iraf
most all the areas in ?h:b;ne.;%d lhat::
arid region of Ethiopia experj and gep.
ture deficit and irrigation sh eI mgj

: ould
mer}lt_ the rainfed agriculture, Supple.
ime series plot of raj

vealed that the occurrer:;:t:r 21: g:‘a %
varies among the stations in the r:‘{ght
For some areas such as MekeleglOll
Tijiga, 1984 was the driest year wi.
Negele Borena the year 2000 Wuethm
worst drought-hit year. In Dire Daw:
area, 1973 was the driest year. Gepey.
ally, the rainfall amount in recent years
was below the long term normal, [y
these regions where interannaul raip.
fall variability is relatively high, recyr-
rent droughts are in fact a part of cli-
mate and not apart from it and are
therefore, not to be viewed as \mcxi
pected events. The coming up of the
rainfall to normal do not imply that the
problem is over. Since this study is the
first attempt to analyze the time series
of rainfall in this part of the world, the
normal used should be updated at most

every 10 years.
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The purpose of this stu.dy
Three geostatistical techniques
(OK) and Kriging wit

Estimation results s !
kriging methods (taking rainfall
observed by including
R? between the observed 2

annual case du

in remote areas and filling data gaps-
Key words: CCD, DEM, Geostatistics,

1.Introduction:

Variations of some physical and hy-
drological properties tend to be corre-
lated spatially up to a reasonable dis-
tance of separation in space. Such
quantities may include elevation, rain-
fall, temperature etc ie. two values
taken close together tend to be more
alike than two samples far apart.
Geostatistics offers the method for
quantification of the spatial continuity
of the vanable (s) under study and en-
ables in estimating a property in
unsampled location from the measured
close variable (s) by using spatial cor-
relation modelling and different inter-
polation algorithms. The primary para-
digm of geostatistics is to estimate a
weight to be associated with each
neighbouring station based on statisti-
cal distance (such as variance, covari-
ance, etc.) rather than Euclidean dis-
tance (h) between the point to be esti-
mated and the neighbouring station.

This technique derives the weights to
be associated to the neighbouring station
by solving the objective functions such
tha_l the expected value of the error ie,
estimated mimus the observed, E[Z'(u) -
Z(u)), is equal to zero and the error varj.
ance, Var{Z'(u) - Z(u)], should be minj.

38

is to estimate t ; !
were applled in the est

h trend model or €

alone) with R?
CCD and DEM data as seco
nd estimated rainf:

variable and 76% for DEM for annual data..
ring the wet seasons from April to

Abstract
sternal drift (KT)-
all was imp

kriging, variogram
rmum using least squares technique and
eventually estimating the unsampled z(u)
value

The purpose of this paper is to model
the spatial variation of rainfall and esti-
mate grid based rainfall surface for
Pangani Basin using these techniques of
characterising the spatial variation.

2.Theoretical Background of

Geostatistics - KRIGING

As briefly described in the intro-
duction section, kriging finds the
weights to be associated with the each
neighbouring station such that the first
condition requires that;

E[Z '(uo)—Z(uo)]= 0.0 and, (1)

and the second condition requires
that the varuiance between the esti-
mated and observed quantity should be
inirmum
Wzbfzei (uy) - Z(u, )] is minimfm
@)

n
z+ = #
(u,) ,E:’i Z(u;)

A; is the weight to be associated

; P duced reasonably better estimation thap ¢ .
how that Ordinary hngl“fall)l.:: 58 % for annual rainfall. An enco“ragin‘gh::: single ""’riabl
ndary variable in the kriging with externa] drift (K;ov Meng Wae
roved from 58.0 to 73% when CCD js i ) mg 5
On monthly basis, the estimation performance js even b:t “dary
June. This technique can be applied in Ethiopia ¢ " ter th, "

Generated by CanScanner fr

PO.B Mo
OX 21.Arba Mingy Sé,: My
fop;,

. : S i River using technj
spatial rainfall in Pan;am : ~echiniques ¢q))
s mation of rainfall: Simple Kngmg (SM), o e_ geostatis i
’ rd]nary _h_cs.

glllg

Mode),
a Secq T
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*imate raingyy

Z* (uo) is the estimated Variap)
(4

Z(u,) is the observed Variable

If equation 3) is s
equation (1), that is the
produces a constrain that the
the weights of the neighbomingﬂt;,au

a-

tions should be €qual to upj
tion 4) R e

ubstituteq in
first conditioy

E A= 10

j=t 7 (4)
‘ and.when the variance equation 3
1s partially differentiated with respect
to each weights, and Langrangian con-
stant 1s introduced, it produces the gen-
eral linear regression model (equation
5)
£_|’I Critu o=y, LAC TN P

i=

()

Where: ]J’s are the weights, g are
the average inter-station variogran{' val-
ues (correlation or variance, etc) and m
is the Langrangian constant and 8,5
are the variogram values between the
point to be estimated and station i.

The weights to be used at each sta-
tion are estimated using the least square
solution technique and eventually ap-
plied in equation (3) to obtain esti-
mated sample value Z*(u ). The above

water 8(1) October 2004
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Table 1. Summary of Types of Krigi,

g Us,
gLl e —
imple K678 5K Zat) = LU0 Ze) + (-1 m
— . =
s | ) ).
(ox) -/
\-
/wﬂTi .
ignd "o Zul) = Edw)*2u)
XD
s e = | _—
pasic theory can also be extended to in-

clude secondary variable in. estimation
of the unsampled data of different na-
wre. This study used the cold cloud
cover (CCD) and Digital Elevatiopn
Mode! (DEM) data as secondary vari-
able to improve the spatial rainfal] egtj-
mates. The following Table. provides
the geostatistical techniques applied in
this study

Simple kriging and ordinary kriging
‘are similar except the earlier depends
on stationary mean throughout out the
area and the weights are not cop-
strained to unity where as the later re-
quires the sum of the kriging weight to
be constrained to unity and it amounts
to re-estimating the mean as used in SK
at each new location u using moving
search neighborhoods [1].

Kriging with external drift is similar
toa trend model which assumes that the
underlying variable can be separated
into the trend component (T) and a re-
sidual component (R) of the original
variable. The trend model can be mod-
eled as a function of coordinate vector
u and the parameters of the trend mode]
are estimated. The random component
is modeled as stationary random func-
tion zero mean and covariance g In
Kriging with external Drift, the trend
component model is further divided
into the trend of the original variable

and the component of a se

condary vari-
able [1).

3.The Data

Average monthly and annual rajp-
fa!l data from 170 station were used in
this study. The station distribution is

Water §(1) October 2004

for most of th 5 Arame bm;ml g] =
1995, The aczl el for the iy -
. vailable dekady) CCD o thly AVerage daa =
i Tanges from 1989 to 1996, g, ca]dary Were d“i"dand 4
‘ current data of 1989 ¢ 1995 wag cal vf::o.gmm Mode] fipeq m;“m'
geregated to_annual and monthly ayer. Cion (o 1he M Annu;rphm
age and used in the analysis, The aggre )is showy below (Fimkam
. 1)
Table 2. The Performance of D
Parameters Jor

ifferen; Krig;
Pangani p bl &g Tipe for the Mode Variogmm
Estimator

Ordinary knging

3,001

S0 “

<00+

<485 .

500

S60{

.50 N0 750 000 50

- Figurel. Observed Mean Annual Rainfall Distribution (mm) in Pangani Basin
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Figure E3: Average Annual Cold Cloud Duration (CCD) Image Over Pangani
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Basin(aggregated from dekadal CCD image)

Table 3. Variogram parameters and the Performance of Ordinary Kriging model
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Figure 3. Variogram Model for Annual Rainfall
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Month | Meanm | Modcd | Nugget | Sill | Range R? (for different
RF Search redlc)

s | 10 | 2o
Jan 71,14 | EXP | 050 | 034 | 0357 | 532 | 530 | 53.0
Feb | 6651 | EXP | 066 | 0.70 | 045 | 534 | 53.4 | 533
Mar_| 11265 | SPH 06 | 06 | 025 | 516 51.a | si4
Apr_ | 209.74 | SPH 02 1.0 10_[ 702 | 701 | 70.1
May | 145.79 | EXP 0.3 10 | 03 | 768 | 768 | 767
hun 3734 | EXP_| 031 | 1.0 | 0227 | 769 | 769 | 767
Tl 2463 | EXP_| 022 | 10 | 0.176 | 765 | 761 | 764
Aug | 2095 | SPH | 036 | 1.0 | 0317 | 676 | 6714 | 674
Sep | 2228 | SPH 03 | 085 | 051 [s12 ] 11| 572
Oct | 4181 | SPH | 057 | 056 | 0765 | 443 | 443 | 444
Nov | 9623 | EXP | 063 | 0.4 | 0374 | 453 | 453 | 453
Dec | 98.11 | SPH 07 | 034 | o051 | 537 | 53.5 | 536
Annnal | 93689 | EXP 03 [ 085 | 03 | 599 | 596 | 9.7

on monthly basis.

40

Kng ing Reslllts

li
krigin pp cabiyj lity of dlﬁ‘
These mclud e“m h%

g unpelu.l Ves

ternal grip g (Ok ) Bln (Sga[@Q
(COK). N, h(KT) ang> 3wi ) o
Criterion ) wa Sutch cokkh
Performanc, 5 S us d ty "a[ﬂicl ul&

the overa)) robusy ¢ rn(’del inda

SII] As

thC wet moﬂth

d
ShOWn tabl t()r f()r u:ﬂec‘
¢

Vanable Wag

0 mon; th]y bas Orgj.

is
formed better r than . » the Moge, .
* Of Apri ) Sase

poorly for shory rain

se =
ber to Novembe, and on frg O:tn:
cember, January apy Mar eason of D,
C

h.

Usmg CCDh and Dg

Estimates of Kng
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drift are given in Table 4. Uth e"tel‘nal
data as a secondary Variable fs‘ =i
| or

»I
58.7 |

[633 | &

[76.7 7
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Parameters

()
Sarions
1-20
1-20
1-20

| 1-20

Search
Radlus
0.5
0.5
1.0
1.0

Range
S
0.60
1.0
1.0

.85

0

0.85
0.98
0.80

S

0.47
Table 4 Performance of Ratio Kriging

0.45

Modd | Nugget
EXP | 0.43
EXP | 0.32
SPH
SPH

Secondary

variable

EM

MAR/CCD

CCbh
DEM

el
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case hasn’t improved the results of the
estimate. Though not significant, the
DEM data was found to have better
correlation and produced a better result
of 65 % compared to inclusion of CCD
or earlier estimate by OK. It is interest-
ing to note that improvements of the re-
sults were observed for both cases
when the CCD ang DEM data was used
as a background image. The techniques

Water (1) October 2004

T
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38m 3900

nage of Pangani Basin as estimated from the
d DEM as secondary variable

was creating of the ratio map of the ob-
served rainfall to the corresponding
CCD and DEM extracted values and
then estimate the ratio surface using
OK method. The estimated surface was
used as a secondary variable in estimat-
ing with the drift model. The estimated
results corresponding to the observed
data are extracted and compared. The
results of the performance index (RY)

Investigation of vari

ths fro
March. Kriging wig Exteg;:rndriﬁ us
ing CCP and DEM pyg shown a bette;
estimatiop ip annua| basjs.
.Il Was also leamnt thyy as long as the
.vanogram Parameters

are in the a]lgy,.
able range, (nugget eff; sy

ect, sill or rap
and other Parameters) =

» the spatia] rajn.
fall variation is less b

va Sensitive, The R
varation was Jegs than 5%,

The  selection of the
Beostatistical mode] i much more iy
portant in rainfa)) estimation than (he
type of variogram model or its param.
eters. Secondly, identifying the corre-
lated secondary variable improves the
Tesult in the annual cage.

This technique can be applied in
Ethiopia to estimate rainfall in remote
areas and filling data gaps

robust
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The success of Sprinkler Irrigation System largel
of this performance level is, therefore, very importa

makers, irrigators, and researchers,
Accordingly,

The study result indicates the
and Soil Moisture Deficit (SMD),
to this, tremendous
loss of valuable water resources and
construction of expensive draj

Key Words: Performance I

Introduction & Background

An adequate and dependable water
supply is needed in order to make pos-
sible and facilitate irrigation applica-
tion in accardance with the biological
needs of plants (FAO/UNESCO,
1973). That means the irrigation water
requirements and irrigation frequency
should be fully satisfied during the irri-
gation. This requires an understanding
of the soil-water-plant-climate interac-
tions. Unless the adequate & timely
supply of irrigation water is assured,
the physiological activities taking place
within the plants are adversely af-
fected, which results in reduced yield
of crops (Duggal and Soni, 1996).

The adequacy of irrigation perfor-
mance indicates the ability of an irriga-
tion system to deliver the required
amount of water that can be stored in
the effective root zone and meet the
Crop water requirement. It is generally
agreed that a CU value of 0.80 is ‘ad-
equate’ or ‘acceptable’, this value is
difficult to interpret in a physical sense
since it does not indicate whether the
fields are adequately irrigated or not
(Seginer & Kosteinsky, 1975).An ad-
equate irrigation is defined as one

which replenishes the root zone over

42

Determination of the Ade
Imigation Performance of

Imigation System at Finch

the adequacy of irrigation performance,
sured actually at field condition considering six combina

{ el of current adequ
predicted performance during the design period.

especially the 2.4*4.8 mm

losses in terms of deep percolation (about 40 %) have beep

of Ground Water T:
d to the overal] sali

In extreme cases rise
nage system and can also lea
ndices, adequacy

Abstract

Y depends on its actua]
nt not only for irrigatio

as one of the basjc
tions of operating
acy of irrigation

95% of the irrigated area. The depth of
water effectively used in meeting Crop
Water Requirement (CWR) can be
taken to be the depth that is equaled or
exceeded over 95 % of the area. The
economics of irrigation usually dictates
an  adequacy level below 100
Y(Allison & Hesse, 1969),

In the case of Finchaa Sugar Estate
the recommended irrigation cycle and
sprinkler set-time during the
was 15 days and 24 hours, respectively
(Tate & Lyle 1992), for al] soil types
and plant conditions, even though the
two soil types (i.e. chromic Luvisols
and Eutrophic Vertisols) prevailing in
Finchaa Valley have completely differ-
ent water holding capacity. Further-
more, the recommended sprinklers are
brass impact type ( Ura-riego VYR 35
or Ura Costa R¢) with two nozzles( 2 4
*4.8 mm diameter) designed to give a
gross discharge of 0.5 I/s(5.6 mm/hr) at
3.17 bar sprinkler pressure, i.e., 4.5 bar
hydrant pressure(BookerTate,l998).
However, during the field assessment a
deviation from the recommended
design condition was observed in both
operating pressure and sprinkler —
nozzle combinations. In general, the
estate is currently irrigating using the
sprinklers nozzles that do not conform

g

design

quacy qf
Sprinkler

Performan,
N water map

Sprinkjer Perfo,
pressures ri
Performapce ; 10

observeq the
able (Gwr,)
Nizatiop and alka]; o tury “Mich

Megers“

tate

o,

Fox gy My,
€atfielg Ay’ e

digj

a |

Bers, by als, r::l-' Th
Irrj

net irr
all Pressure p,

nozzles haye a
tear through tim
diameter of the
hence, associat
drop size condi
increased Precipitatign rate
kler nozzles, change in yp,
water application/ distributj

The estate, in
Water

€ which m,
Sprink|er nozz
ed with the

tion of 5 Sprink|er Spray,
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8eneral, has serigy
Management prob|em, Wwhich
may be due to incorrect design and/ or
POOr operational. Critjca] evaluation of
the sprinkler irrigation system is very
important in order to identify whether
the system is operating at the required
performance level and then suggest im-
provements to the operation of the sys-
tem (Jensen, 1983). Reliable measures
of the system performancg are ex
tremely important for irrigation .Pf’hc{
making and management decisions
rge, 1991). ;

Sha’lll‘lhf Iggrtgleneck in irrigation Walet

tate has got spé
management of the esta rofession-
cial attention by ll‘rlga"‘;"rfo levidte
als. All attempts made s0 ab;cms of the
the water management pro
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sed on the normal hy-
estat® w%r:s; condition (Nurzefa,
ulchabﬁ), 2001). The soil, crop and
2901" factors were more or less
Cwu;d in those studies. But, no criti-
o ntific research based on the rec-
causmded standard procedures has
ome:onducted regarding the actual
e rmance of sprinkler irrigation sys-
rﬁ;t FSE, except the preliminary in-
i irrigation assessment done (as
fiel iew) by Girma Teferi (1996) and
over ly by the Soils & Agricultural
s e{:ring Department Staff (Habib
Enghur;cgersa 0., and Abiy F.). Without
g; nowledge and information of t'he
actual field performance of the sprin-
Kler irrigation  system, all attempts
made to alleviate the water mnagc-
ment problems of the estate remains in-
complete and fruitless.

Therefore, due to the aforemen-
tioned and other problems, this study
has been initiated to investigate the
level of current adequacy performance
of the system in relation to the design
adequacy performance expected.

The specific objectives of the study are:

To determine the particular combi-
nation of operating pressure and sprin-
Kler nozzle sizes that can adequately
perform under the prevailing field con-
dition.

To identify design and management
problems , if any , and then suggest
improvements to be made to the opera-
tion of the system.

To provide an information for the
future system improvement studies

2. Methodology

2.1 Description Of The Study Area
Finchaa Sugar Estate is located in
Western Oromiyaa at a distance of
about 340-km from the capital city. It is
situated within 9°30' to 10° 00 * North
and 37 °30’ East with an average alti-
tude of 1350 - 1600 m.a.s.1. The Long
Years Average (LYA) mean annual
rainfall recorded for 23 years was
about 1300 mm, which is high enough
or rain fed cane agriculture. But, about
77 % of the stated rain amounts fall
within four months (June — September)
consecutively. The peak LYA monthly
rainfall recorded was about 340 mm,
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which occurs in the month of July. The

other eight months (Oct- May) are
termed as ‘dry season’ and hence re-
quires supplemental irrigation. Some-
times, there is an appreciable amount of
rain falling in the month of October &
May and also an occasional heavy rain-
fall during the month of April.

The LYA mean maximum and mini-
mum monthly temperature in the
Finchaa Catchment are 29.8 © C and
14.6 ° C, respectively, with the mean
annual temperature value of about 23 °
C. Maximum temperature occurs in
March and the minimum in December.
Its LYA mean daily wind speed is about
3.5 kaw/hr at 2m heights, which is low
and therefore desirable for sprinkler ir-
rigation system Generally, Finchaa
Sugar estate can be characterized by a
moist sub-humid with large Winter wa-
ter deficiency and megathermic tem-
perature efficiency regime ( Ademe
Adinew, 2001).

There are two major groups of soils
are available in Finchaa valley: Red-
dish Brown (Chromic, Hepallic &
Gleyic) Luvisols and Black Clay Eutric
Vertisols (i.e., 27 % Vertisols and 73%
Luvisols). Most of them were devel-
oped from alluvial and culluvial depos-

its of the surrounding escarpment
(Girma Teferi, 1995).

2.2 Data Collection And Analysis

The sprinkler adequacy perfor-
mances (adequacy of water delivery,
adequacy of water infiltration and ad-
equacy of water storage) were deter-
mined from the measurcments of the
two important basic sprinkler perfor-
mance parameters (i.e. discharge and
uniformity). The performance param-
eters were measured at six combina-
tions of operating hydrant pressure and
sprinkler nozzle sizes (i.e., 4.0, 4.5 &
5.0 bars operating hydrant pressures
and 2.4*4.4 mm and 2.4*4.8 mm diam-
eter nozzle sizes). The pressures con-
sidered for the tests are within the rec-
ommended pressure variation (+ 20 %)
from the mean value (4.5 bar).

2.2.1 Discharge Measurement

The discharge rate from individual
sprinkler was measured on two fields,
namely: GO266 & PS316 having a lat-
eral length of 540 mand 340 m, respec-
tively. The fields are selected, as they

are harvested fields just at the inception
of irrigation for the next
ratooning(cane cycle) which makes the
work easier and also represents most of
the estates field & lateral condition.The
discharge was measured across the lat-
eral at selected three (first, middle &
end) riser positions with two replicates
by connecting a flexible hose & tube to
the range (larger) & spreader (smaller)
nozzle, respectively, and allowing the
water to fill a known volume of barrel
(208 lit) for a measured period of time.

The discharge from individual
sprinkler was calculated by:

2 _ Volume of water collected (Lit)
Dischoyetg) - Test Period(Sec)

1
; )Then, the following relation can
compute the application rate from the
measured discharge & sprinkler spac-
ing:
Sprinkler Disch arg e(l / hr)
Application Rate{Ra) = ————————

= Illlg
sl‘sm

Ra = application rate (mm/hr)

S, =sp. spacing across the lateral (m) =18
m S_ = sp. spacing on the main line (m) =
18

q = sprinkler discharge( I/s)

2.2.2 Uniformity Measurements

The uniformity of water applica-
tion/distribution of sprinkler irngation
system was measured on four fields
considering the two soil types i.e.,
Eutric Verisol & Chromic Luvisol, pre-
vailing at Finchaa valley. The unifor-
mity measurement was done on Fields:
GO266, PS370, and GO115& PS316
by using four sprinklers. In addition,
the surface uniformity was conducted
using single sprinkler on field PS 316.

Thirty-six plastic pegs were in-

stalled between the squares bound by
four sprinklers in square grid patterns
of 3m intervals for the uniformity mea-
surement using four sprinkler methods.
In the case of uniformity measurement
using single sprinkler 108 plastic pegs
were installed around the centrally lo-
cated sprinkler with 3m square grid
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: below). Then soil
guitse (GR€ Flg‘ll;:csted at selected peg
o ination of the
positions for the d_etemuna raslon
initial (pre — irrigation) volmemc wa
ter content. The sprinkler is then fﬂ'
lowed to simulate water through Spl:m-
Kler nozzles continuously for a period

of about 22 hours. During the continu-
ous water application, surface unifor-
mity was measured (with three repli-
cates) by positioning graduated catch
cans a top of each peg for a period of 2
hours in average. Finally the final
(post-irrigation) volumetric moisture
content was determined by collecting
the soil samples just after the sprinkler
shut off and then certain times (12 hrs
for Luvisols and 24 hrs for vertisols)
after the sprinkler shut-off time,

In the case off uniformity measure.-
ment using single sprinkler, the perfor-
mance of the sprinkler according to the
Overlap pattem by four sprinklers in the
ration was evaluated,

The coefficieny of uniform;
ormity (C,
Was evaluateq using the Chris?i,a(nsgn)
(1942) cy formu]a 55

O,

(©)

CU=100!:1‘

X
n*m
Where,

X =|z- m| = absolute deviation
from catch observations (mm)

m = mean observation

n = number of observations

Ra,cev of Ra fram 1

Distribution uniformity (DU) wag
determined as:

averagbowQuarteratclinf; iltratedepy)
D bf_ .

avcatcliinfiltratedepth

@

Finally, the adequacies of UTigation
and application ratig Performanceg
were determined based op the methods
adopted by Chaudry (1976). Also, cer-
tain  correlation analysis hag been
adopted between the performance pa-

rameters and Operating Pressure-nozzle
combinatjop,

3. Results And Discussions

I
3. Adequacy i
31 Adequacy of Water Delive
Performapce i e
The adequacy Performance
; of wa-
ter to be delivereq by sprinkler was de ;:‘rliased
te.muned from the €xpected or pre ol
dicted (56 Tom un

nozzle sprip.
& 86% , Tespec-

ydrant pressyres of 40

0 bar(Fig.3), The 6%
ation indicates that

[o]

-

i

Det irrigation Tequirement. This shows

the higheg, degree of crop stress due to
under ITigation When the 2.4*4.4 mm
102zle sprinkle, operates at 4.0 bar hy-
drant pressure. However, the adequacy
leve] Increases to 47 % considering

Water 8(1) October 2004

-,

ntsi g. com

SRS
rom: i

Gener at ed by f



Jower applicatiop efﬁcie_ncy, for-ex-
ample 70 %. Again, reducmg the appli-
cation efficiency to 60%, the adcquacy
of irmigation at 4.0 bars hydran, pres-
sure inCreases to>. 100 %. For the 65 %
application efficiency the adequacy
level becomes about 90 %, which is ac-
ceptable value.

At the extreme condition, the
2.4*4.8 mm nozzle sprinkler Operating
at 5.0- bar hydrant pressure has the ad-
equacy level of 134 %, which indicates
the excess water application more than
the crop net irrigation requirement.
That means energy is being wasted
since the cost of irrigation water appli-
cation increases with the increment of
operating hydrant pressure, The 40 &
4.5 bar hydrant pressures have accept-
able level of adequacy greater thap
80%. Even though the 4.5 bar hydrant
pressure has better adequacy thap that
of 4.0 bars for the 2.4*4 8 mm nozzle
sprinkler the economics of water ex-
ploitation and the yield reduction asso-
ciated with the water stresg dictates the
choice of the particular combination of
operating pressure and sprinkler nozzle
sizes.

The 2.4*4.8 mm nozzle has greater
adequacy of water application value
than the 2.4*4.4 mm nozzle at each &
every operating hydrant pressures con-
sidered. This may be due to the greater
discharge and higher drop size of sprin-
kler spray from the larger nozzle. How-
ever, the greater adequacy level does
not indicate the better adequacy perfor-
mance as discussed in the preceding
session. Furthermore, the adequacy of
irmigation increases as the operating hy-
drant pressure increases for both the
sprinkler nozzle combinations. In gen-
eral, adequacy of irrigation water infil-
tration increase as the operating pres-

NS s hr he il m
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o
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] X 0 L\g\
res
Sure ! Dles‘éule S
Fig 4 Relationsh; j
P between Christ; K ] i i
Adequacy i ot e Stiansen % Umfonmty Coefficient (CUC) ang
nfiltration Performance (Lefi: 2.4 *4.8; Righ: 3 4*4.4)
sure apd 1 i
mcreazxss T;];nrxsllcal:;) ng}c;zzl; diameter Very low at 4.0 by hydrant pressyre for
S. P between the oth soil types even though i
gh its stora
S;):g:cxem of uniformity anq adequacy efficiency s greater than 77 o Thg::
) ;r ap3pllcat10n can be clearly seen condition indicates thay storage effj-
: m Fig : The tpgher a.dequacy Per-  ciency don’t indicate the Jeve] of ad-
er'r;lanc.e 1S associated with the lower €quacy of water application.
lzln;‘omuty pcrformance, €xcept for Forthe 2.4%4 8 mm nozzles the ag-
4*4 8 mm nozzles at 4.5 bars, at the

five combinations of ope
sure and nozzle sjzes.

33 Adequacy of Water Storage
Performance

The adequacy of water Storage per-
formance was determined from the
measurements of sub-surface unifor-
mity test. It was determined from the
mean application ratio, which is the ra-
tio of the depth of water actually stored
to the net depth of uTigation water ex-

pected (4.2 mmvhr) at 75
efficiency and

rating pres-

% application
the results are presented
asinTable |. The sub-surface moisture
distribution and adequacy of water
storage performance were presented in
Fig .4 for the two soil types and two-
sprinkier nozzle combination,

The 2.4*4 4 mm nozzle has an ad-
equacy level varying from 33 = 115 %
for Luvisols and 44 - 116 % for
Vertisols. As in the case of the ad-
€quacy of water infiltration perfor-
mance, the adequacy of water storage is

fpctesion b hr Lt mm

l

: H oo
! -ummnI|IIIIiI!F!Viffilﬁﬁl||"t|

A}

-
Prentics arv

sppikatan Rad (nmArr)
s

~ —

Fig. 3 Distribution pattern for the individual catch depth (average of the three

replicates) in relation to the required net depth of irrigation at 75 %

efficiency: (a) 2.4%4.4; (b) 2.4*4.8
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application

€quacy of water gt

from 7510 142 %, (Luvisols) and 119 to
152 % (vertisols). The minimum ad-
quacy level is at 4.0 bars i both soil
types and sprinkler-nozzle combina-
tions (Table 10). There is higher ad-
equacy level (A>1.0) for both soil

types, which indicates also the higher
application depth,

orage level varieg

34 Deep Percolation Loss and
Relative Production

The net depth of application ( | 2>
deep percolation loss (L,), and the rela-
tive production( Ya/Yp) are indicated in
Table 9. The net application depth and
deep percolation losses were deter-
mined from distribution coefficient (H)
and Storage CoefTicient (E) values pre-
sented in Table 7.1 of Cuenca(l992) at
the different Coefficients of Unifor-
mity( CU) and adequacy(A) levels de-
termined during the surface uniformity
test.

Here, it is noted that the adequacy
levels greater than 100 % was consid-
ered to be equal to 100 % and Ad-
equacy below 60 % as 60 %. For inter-
mediate values interpolation tech-
niques have been adopted. Further-
more, the relative production (Ya/Yp)
at the obtained adequacy and gnifor-
mity coefficient level was estimated
from Table 6.3 of Keller &
Bliesn(1990) assuming that over irri-
gation do not bring yield reduction.

As observed from the Tabl:: 2 thF
higher application depths don’t t;fi:'
cate the higher net application dep
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2.4%*4.4 for Vertisol

Nozle | pressure Adequacy
size Aq A A,
Y
75
44 40 90 6 k3]
= 45 95 8l “ 119
50 100 100 89 138
«©
4%4.8 4.0 113 1 ¥E] 1
. 45 122 134 1135 142
45 134 134 116 152
Ay - adeguacy of water delivery L - Luvisol
Ai- adequacy of water infiliration ¥ - Vertisol
A, = adequacy of water storage

Table 1: Summary of the three
adequacy performances

filtrated and stored in the effective root
depth. The obtained net application
depth increases as the adequacy of wa-
ter application (up to 100 %) and uni-
formity increases; whereas it decreases
as uniformity decreases and adequacy
increases.

The deep percolation determined

=

Fig. 5. Adequacy of water storage performance: (a)
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4*4.8 for Luvisol; (b)

Summary and Conclusion

The obtained uniformity perfor-
mance level (Table 1) is greater than @e
minimum acceptable value fo_r sprin-
Kler irrigation at the six comblqatlons
of operating pressure and s;?nnklt?r-
nozzle sizes. However, the uniformity
level does not give any physical mean-
ing about the adequacy of irmgation
water application (Chaudry, 1976). The
three adequacy performances deter-
mined confirm the stated argument. In
general, the higher adequacy perfor-
mance 1s associated with the lower uni-
formity performance (see Fig. 10).

The higher adequacy values in the
case of 2.4*4.8 mm nozzles sprinkler
(Table 1) indicate the excess water de-
livery beyond the need of crops irriga-

Nozzle Sizes | P cu A ] H E lag Yo/Y
mm bars | % % mm/hr e id % P
40 956 |6 389 1000 (0960 [389 |4 |37
24%4 |45 896 (81 | 466 0.894 | 0880 (417 |12 | g
5.0 89.0 86 4.78 0.853 | 0842 | 408 16 | 98
40 (93 83 |a67 0.886 | 0.873 | 4.14
24%43 45 87.8 98 5.62 0.620 | 0.610 | 3.43 ;; ?(E)O
5.0 89.9 134 {563 0.600 | 0.600 338 40 100
:l- g:ennbzuchcandepth L.-NelnppliedDepth Ya - actual yicld
E- m’: nonmoo;mc:mt Ly - Deep percolation Yp -Pot;lﬁal Yield
ge cocfficient P - pressure /Y - relati s
Rl » - relative production
Mcd]&fmbeeﬂmﬂamcbﬂ&p )
. ;ppmela!bcdaeqﬂné)nﬂw i i
i e . appite Box Dipisdture
ftipundRafa the dradt finetion off¥d/)p) Deficit (SMD). This lead to
€quacy level. The deep percolatio g

' . n loss
obtained varjeg from 4- 16 %, and 13 -

40 %, Iespectively for the 2.4%4.4 mm
and 2.4*4 8 mm sprinkler nozzles. The
effect of adequacy leve] on the deep

percole}ﬁon loss is greater than that of
Fhe uniformity, There is a significant

= eiving ad
Imigation increased (Fig 10)_g »

a significant

FERIA B ea—

deep percolation loss, leaching of
so.luble plant Dutrients, low water ap-
Plication efficiency, reduceg in quality
and quantity of Crops, and also a drajp.

capillary rise
Deep Percolation
% and yielq reduction
Was observed. There is

(Hansen et 5] 1980).
loss as high a5 40
as high as 13 %
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greater than thyy op =g
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indicator of the Vel gy
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'li?e €conomics gf: .
usually dictates 1o, 0 S
the acceptable valye sm’u}ém ;ZE

Or equal to 9 % be

adequately irrigateq
on the récommende
the 2.4*4.4 mm 5,
kler has by fyr
adequacy of ae
than that of the 24%3 mmm% .
Sizes sprinkler at 4 erat: Nozly
sures considered. For gy, 249 4%5 ‘
nozzles the adequacy p crfn. Iy
level is good & acceptable af 5] ‘
ing hydrant pressures, while it o
and unacceptable for the 24%3 .

nozzles, €Xcept at 4.0 pyr T
pressure. g

) of the

4 Recommendations and/ or

Suggestions

Based on the aforementioned s
cussed results, the following recop.

mendations/ suggestions are for.
warded:

The Estate should use the best com-
bination of operating pressure, sprin-
kler nozzle sizes, set time, and soi
type. A compromise should be made for
the adoption of the stated combinations
considering the economics of irigation
and field practicability.

The best combination of operating
pressure and sprinkler nozzle sizes: 4.0
bars for 2.4*4.8 mm nozzles and 45
bars for 2.4*4.4 mm nozzles.

2.4 *4 4-mm sprinkler-nozzle cor
bination has better performance than
the 2.4*4.8 mm sprinkler nozzles
Therefore, the estate is highly encos™
aged to purchase 2.4*4.4 mm nozké
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giamete’ for future use-

2.4*4.8 mm nozzle discharge

en incrcased l:remendously from

e ected on€ probably due to the
e c:;[;d tear of sprinkler nozzles and
d maintenance of sprinklers. ’I'hefe-
g dic maintenance of the sprin-

e p:‘:;o periodic replacement of
;r;]der nozzles, if possible, is sug-

sp

gested.

[mmediaté replacement of the 4.8
fm nozzle diameter is highly recom-

mended.

Further critical revision of the dra-

gline sprinkler irrigation systems is ex-
tremely important to understand the in-
reractions between the wind copdihion
speed & direction) and the distribution
pattern of sprinkler spray-
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duration ¢ D <o strategy ;. i
s suated 2t S22 D e ocal man I Turbine Sek? Water fall, Ethiopia
pine along flow turbin€
for cross flow BT ign, Cross .
MNKW Hydel Desig I supply the electric plant [3). It can be Part of
_ sources of eﬂjr?i’vcrsiﬁe 4 de mand of o.vcr.all rural dcy‘?lopmemp]an 2 a
piin g S T sl i ] oo
: 4 1 no u 1 .
Ethiopia’s PEr capita CO““"IP?O.I; m\exst be established for the sul;sflrf]‘;i"’; lacal dpdiisey e :f ?j’;l?monon of
of modern energY is 20kgoc (1:gso oxc of these traditional sources ofe rg . bor a0d matecials Hijeedu Igenous J,.
equivalent) which is abou! 2%k} From man ossible sources 0 encrgys wood consumption i eaon of i,
world average- Per capita consTPCr hydro is the pest substitute for ’ha.t i 1 ; 1 of lpl i lV)raszg income
of electricity W35 estimated 10 be ch advantages like no pollution, evel 0 i population v)saving iy
0 about 1% of b3 ¢ 25 well as low operat- transmission line costs to remote rup)
areas vi)low operating cost and Jeg

ent
The extent of elec-

28kWh [1] equival
de-

the world average:

trification across
- od in Table 1.Per capit3 GDP also
bout Us$100, thereby pre-

financing challenge for
energy to the
of the popula-

senting a major
the provision of modern

rural majority. Only 13% :
tion has access to electricity But Ethio-

pia is blessed with enormous hydro en-
ergy resources, the gross theorefical
potential (650Twh/year) being the sec-
ond largest in Africa. Technically fea-
sible potential is stated to be 260Twh/

ear, of which 10% represents the po-
tential for small scale hydro installa-
tion, refer Table 2. Hydro output n
1999 was about 1.6TWh, a minute frac-
tion of the assessed potential. Ethiopia
needs affordable energy to increase ag-
ricultural productivity and food distri-
bution, deliver basic educational and
medical services, establish adequate
water supply and sanitation facilities as
well as to build and power new job cre-
ating industries.

The standard of living is reflected
by the per capita power consumption
and as such Ethiopia ranks 174 in Hu-
man Development Index. Most of its
energy consumption is met from biom-
ass related products. Traditional
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atur
:;;Z:Zb:a?menancc costs. Sustainable
development implies _that x‘nan can
prosper and survive with a wise stew-
ardship of technology, natural  reé-
sources and the earth’s €€O system
This availability in Ethiopia of rich
water resources makes it possible to
combine hydro power development
with general cconomic development. In
this aspect, there is great scope for inte-
n and secondary benefits. Firstly,
dro power repre-
source income

gratio
the exploitation of hy
sents a never ending
which the country needs badly. Sec-
ondly, hydro power development can
serve as a valuable input for rural de-
velopment in the areas where projects
are located. Such inputs should be rec-
ognized as worthy objects for invest-
ment themselves [2]. But the important
thing is that this type of integrated de-
velopment requires a different ap-
proach and new attitudes both in plan-
ning and implementation.

When an isolated community needs
power either for house hold and com-
munity use, for driving small agricul-
Fural processing plants or other small
industries, one of the now frequently
used energy sources is a small hydro-

skilled lab.or req_uiremem vii)mitigation
of population drift towards urban areas
and viii)development of potential fo;
tourism. Local manufacturing and ip.
novations have the potential to greatly
reduce the capitol costs involved in
small hydro power generation.
Impediments for broader applica-
tion of small hydro may vary from
country to country, but generally in-
clude cost, lack of inventory of poten-
tial sites and hydrological data, lack of
Jocal technical expertise and manage-
ment skills, lack of long term govern-
ment support because of bias towards
large projects, and lack of finances.
Opportunities for cost reductions may
involve: to standardize equipment, (0
manufacture equipment locally, to con-
trol cost of civil works, to limit scope of
pre-feasibility studies, 10 implement 3
large number of projects together, and
to train local personnel in all phases of

design, construction, operd-

planning,
s well as man-

tion and maintenance, 2
agement.

In Ethiopia, on
policy objectives is t
supply of energy at th

e of the Cﬂergy
o ensure a reliblé
e right time and at
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gl ecirification at national and

I ———

Regional levels (for major region in

Regions
Tigray | Afar | Amhara | Oromia | SNNP | Somalia
z 61.7 36 12 131 21.1 12.1 37
— : :
1 Fions 00 58 19 | 2587 |38
rzﬂ' : n,,y'owuuﬁ 1 . . E 19.6 6
.')J,‘ o!f pational to
population 85 14.6 16.7 76 | 101 11.5 74 139
PUE e oml .
% of regian
— 047 005 | 113 1.
N 8 82 0.53 024
Plectrified 10¥0 G
%W 13 13 42 15 8.6 44 95
with ;'a:dscsw
electni€
Table 2: Hydro potential in Ethiopia
Blue Nile basin -280Twh/year Omo river basm-100Twh/year
Wabisheble basin - 25Twh/year | Awash basin - 22Twh/year
Tekeze basin - 36TWh/year Genale basin — S0TWh/year
Table 3: Raw data of monthly rain fall(mm) at Seka
Jan | Feb. Mar. Apr | May Jun July Aug. Sep | OcL Nov | Dec
‘ Al 326 28.56 4991 1743 | 211.7) 2271 267.84 259.16 149.4 | 91.74 693 3224
1986 31 91.28 9424 954 169.57 3609 18’72‘7 21633 1539 | 49.91 29.1 18
e | 2799 68.88 1829 1152 163.95 2789 10726 27338 146.4 | 9424 1.1 17.76
1958 3751 97.44 6727 206 159.03 2358 16833 241.49 2448 | 162.44 | 00 434
1989 36.89 571.12 1829 220.2 70.9 118.3 246.45 139.19 1212 | 149.42 | 339 15345
1950 3 75.6 110.98 187.4 13237 1689 2232 30535 24381 | 46.19 41.1 34.1
1991 104.78 | 105.84 | 44.64 167.1 14729 1452 137.95 250.17 168.9 | 79.67 702 106.98
1992 3379 150.08 | 64.48 B6.7 219.17 208.5 291.09 298.22 321 26722 | 1032 | 384
19 472 | BL2 84.94 2583 | 30225 295 198.09 21514 150.9 | 204.91 | 30.6 19.84
194 16.12 3176 115.63 69.9 206.77 2478 2129 14725 2148 | 19.84 88.2 3.1
195 10.54 22 91.14 202.5 14322 139 129.27 24459 1422 | 10695 | 534 128.96
1996 56.11 39.48 2263 2.7 | 256.9 2502 199.85 293.88 4473 | 106.33 1104 | 44.02
1 17.05 71.4 218.86 261.9 196.85 183.4 9267 221.65 29055 ]| 321.78 | 458.4 | 4432
1998 153.76 | 7.84 2108 1029 | 15345 19318 363.01 387.81 438 468 41 123 54.56
1999 0.00 2436 00 93 25203 738 12581 234.67 416.4 | 298.84 | 0.0 093
2000 09 224 7285 209.1 49 4551 20522 24104 2742 | 24459 | 1683 13.02

affordable price, particularly to support
the Country’s agricultural and indus-
trial development strategies. Enhanc-
ing and expanding the development
and utilization of hydro power is one of
the priorities of the energy policy. Hy-
dro Power, a renewable energy, fea-
tures high in Ethiopia’s power sector.
It’§ continued development is per-
ceived as essential given the extremely
lgw level of current electricity genera-
tion, demand forecasts at hand, and the
abundance of hydro power resources
[1].The supply of power for remote ru-

Water &(1) October 2004

ral areas is not an easy task by large
scale hydro power station, since trans-
mission cost is high due to topographic
and socioeconomic problems; however
small scale hydropower (mini and mi-
cro hydel scheme) is the ultimate
choice to supply power to remote areas
where the national grid does not ex-
tend, since it can be used for domestic
and communication purposes or di-
rectly coupled with driven machinery
like Grain Mills or other process in-
dustries.

In this background, considering the

e

vast, economical, untapped mini and
micro hydel power potential, this paper
envisages the design of a micro hydel

' scheme for Seka river stream encom-

passing two options one with dam and
another without dam, namely

1. Two Kaplan turbines with the
power out put each of 750Kw

2.The second option involving the
cross flow turbine with power out put
of 35.Kw to utilize perennial discharge
in the Seka river stream, based on flow
duration curves obtained taking into
account the rain fall data available.

One of these options can be se-
lected depending on the availability of
financial resources with private sector
parties / individuals/ power sector com-
panies.

Description of project area

(Seka River)

The Seka water fall is found in

Jimma zone, Oromia region 366 km
south west of Addis Ababa. The Seka
River is part of Gilgel Gibe drainage
basin. The catchment area of the river
up to Seka fall is 220km?, the elevation
is between 1800 & 2600m. The se-
lected dam site is about 1.5km west of
Seka town. In the Seka basin, the rainy
season normally begins in mid May and
continues through the early October.
The heavy and mostly constant rain fall
is from July to September. The annual
lean flow period is from December to
June. Mean annual rain fall of the area
is 1820mm. Local centers of popula-
tion are towns of Seka, Dedo, Shebe
and other small towns. From the total
population of Seka Chekorsa Woreda,
96.63% is living in rural areas with
scattered individual homes through
out.

Option | — With Dam Using

Kaplan Turbines

The rainfall data had been collected
previously from the three rain gauge
stations namely Seka, Dedo and Shebe
which are found in Seka Chekorsa
Woreda The rain fall data for Seka is
presented in Table 3. Based on the rai.n-
fall data , a suitable concrete gravity
dam and its associated parts have been
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Table 4:General informario

Rmbm of 2 ]
W design flood =522mY/s Typc:Concretegnvi dam

S.;f: yi;l:ld(Rcsewoir yield) Foundation: Basaltic i

=3.4m’/s

Reservoirs Dimension

Total capacity=17 88Mm’, Live Hydraulic height=24.2m, Top

Storage=14.88Mm’. width=4m

Dead storage=3Mm? Maximum base width=22m,

Crest length=125m
Spill Way:Location and type: Out let works
trolled over flow (ogee) | Penstock 1.64m diameter and

t}'PC.Wlth stilling basin at the 1.64cm thick with length of

gravity dam 125m

Creest length=30m, Maximum

discharge=257_5m’/s

Stlling basin: Reinforced

concrete 30m Wx 22m long

Power house dimension The power house is located

ngm%om Width=12m close to the natural river way

Height=10m so that the tail water is

diverted back to it with a
_— simple tail race channel.

designed. The dam ensures availability Lo
of water at a rate of 6.8m’/s and at a —==
head of 3 ‘

3.6m The installed capacity of
ect is fixed at about 1.5SMWe
which is going to be produced by two
Kaplan turbine units, each of 750kw
capacity. The essential features of the
dam designed are listed in Table 4.
Design of Kaplan turbine
Kaplan turbine is an axial flow tur-
bine, suitable for low heads and high
discharges. In this turbine, water first
enters in a radial direction through
guide vanes which act like nozzles and
then flows through the runner in an
axial direction. Based on the available
data i.e. discharge and head Kaplan tur-
bine and its associated auxiliaries are
designed. The overall generation effi-
ciency has been taken as 67% [4].

the proj

Power delivery =
n*H*Q*g*p -
0.67*33.6%(2*3.4)*9.81*1000=1.5*10°
watt=1.5MWe

1. Determination of size and hy-
draulic design of Kaplan turbine.

From the design charts [ 4 ], for a
head of 33.6m the specific speed is ob-
tained as 132 and corresponding to the
head and discharge available, the speed
of the turbine is estimated as 1000rpm.
For this specific speed of 132, the
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| Scale=1:5
Fig. I Partial cut view of kaplan

Fig.2 Aschematic of the volute casing
with runner

an
Ncludeq in

T: o
ab]
’DC’SF a eq.
€ tangentiy) force
timated tq be 7. 9615)\;1 e;;h blage
three types of Stresses ap g J€T€ ar
blade [lame]y stress

I A!echanica

1S es

duetot,

root is found to be 31MPa

the power output from lhe- turbin

shaft diamete €, the

laries for an integrated safe de
givenin Table 6. A customn bujl
tor is proposed considering th,
no danger of winding failure at over
speed, which is specified ag 180% ona
continuous basis. The overall arrange-
ment is depicted in Fig 3.

sign are
t genera-
at there js

Arranz

Fig.3 Asseﬁzbly of draught tube with turbine
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option Il - Cross Flow Turbine

This option has be_cn proposed
without a dam, but to utihzt: the peren-
;al discharge in the Seka niver stream.
‘l;-lhe rain fall data that has been gath-
ered from three rain gauge stations
mentioned earlier, has been processcd
on an average basis and flow duration
curves have been constmctgd. The flow
duration curve thus obtained along
with the one showing the power outPut
er unit head are depicted in Figs.
4(a)& (b)- Consider'mg an average 86%
flow duration and taking the d1§charge
available at 0.55mYs and using the
available head of the water fall at the
project site as 10m, a Cross' flow tur-
bine with an indirect coupling(to the
generator using a belt drive) has been
proposed, based on the nomogram
available [6] and also considering the
suitability of Cross flow turbine for the
specific speed (m kW) range of 55 -
200 [ 4 ] The actual specific speed, n_
of the cross flow turbine designed in
this study turns out to be 159
A cross flow turbine is basically an
impulse turbine, which comprises a
drum shaped runner consisting of two
parallel discs connected together near
their rims by series of curved blades. A
cross flow turbine has its runner shaft
horizontal to the ground in all cases. In
operation, a rectangular nozzle directs
the jet to the full length of the runner.
The water strikes the upstream blade
and imparts most of (72-75%) its ki-
netic energy. It then passes through the
runner and strikes the down stream
blade on exit imparting a smaller
amount of energy about (25-28) % of
the total energy before leaving the tur-
bine. Its working is akin to that of a two
stage velocity compounded impulse
Two major attractions of cross flow tur-
bine have led to a considerable interest
in this turbine. Firstly it is a design suit-
able for a wide range of heads and
power ratings. Secondly it lends it self
easily to simple fabrication techniques,
a feature which is of primary interest in
developing countries like Ethiopia [6].
For instance, the runner blade can be
fabricated by cutting a pipe, length
wise, in strips. The efficiency of cross
flow turbine depends on the sophisti-
cation of its design. A feature such as
vacuum enhancement by using a

water 8(1) October 2004

dra_ught tube is necessarily expensive
as it requires the use of air seals around
the runner shaft. In this case, an air
valve is installed to control the pressure
in the casing to keep the runner from
being submerged. Sophisticated ma-
chine can attain an efficiency as high as
85%. Simpler ones range typically be-
tween 60-75% (7, 8].

Design Of Cross Flow Turbine

To exploit maximum performance,
turbine hydraulic efficiency is esti-

mated as 17y, =92% and this has been

used to design an optimum configura-
tion for the Cross flow turbine.

Power out put= Q*H*g* n,, A =
0.92*0.55*10*9.81*1000=50kW

The above

; Power calculation
used, just to fix N

Parameters of turbine
(flow angle, fluid angle, absolute and

relative velocity etc), Butto get the ac-
mal- Power out put, efficiency is conser-
v?nvely taken as 65% because the effi-
clency of locally made cross flow tur-
bines usually ranges between (60
to75percent).  Hence the realistic
power output of the turbine would be at
least 35kW. With this data, the speed of
the turbine has been fixed as 400 P,

from the Nomogram [6] available for
Cross flow turbine.

L. Determination of the size of
cross flow turbine
A Photograph of the water flow
through the cross flow turbine runner is

Table 5 Variation of flow parameters from hub to tip and Volute casing profile

D{m) | Um/s) | Cpa (m/s)| @, (deg) | Ba(deg) | B> (ded) | ox{mvs) | my(mvs) Volute Casing x
profile with §

0308 [ 16.13 1532 5444 424 55.83 1098 [ 19.49 O(Radlans) | Radlus, r (m)
0.355 | 18.59 1329 50.51 25.85 59.51 1216 | 21.58 0 [
0402 | 21.06 11.73 4698 40.41 62.53 1438 | 2373 0.7857 02190
0425 | 2229 11.08 4536 45.66 63.84 1566 | 24.83 15714 03365
0.456 | 23.93 1032 4132 $1.18 65.41 17.46 | 2632 23571 0.4386
0.480 | 25.16 9.82 41.89 54.49 66.48 18.85 | 27.44 3.1428 0.5333
0504 | 26.40 936 40.53 517 67.47 2025 | 2858 3.9285 06234
0535 | 2804 B.81 3883 6034 68.67 2212 | 30.10 423 07102
0558 | 2927 8.44 37.63 62.27 69.49 2353 | 3128 5.4977 0.7951
0582 | 3050 8.10 36.50 63.95 70.25 2493 | 3241 62831 0.878)
0.605 | 31.74 7.78 1542 65.43 70.96 2633 | 3357
0629 | 3297 7.49 3439 66.74 71.62 21712 | 3474
0652 | 3420 722 3342 67.90 7224 20.11 | 3591
0676 | 3543 697 32.50 68.95 7282 3049 | 37.08
0.700 | 36.66 6.74 31.62 69.90 73.37 31.86 | 38.26

ble 6 - Kaplan Turbine auxiliaries
Turbine Shaft Key for the shall 22.2X22.2X82mm
Diameter = 90mm Matcrial - SAE/AISI 1020

Blade pamameters:
Axiel chord= 0.188m
Pitch = 0.242m
Number = 4

Generator,

Coupling;
Size 9 Pin&Bush type coupling
o}

Custom built type generator (Direct coupling to turbine)

-Inlct dia-0.6625m
Outlet dia - 1.365m, Angle — 14°

Cavitation checl; to be submerged ).757m or more below the mil water surface kevel

discharge versus flow duration

120 =g =
100
=
B0 £
NES=S =
20
0

— flow durat (%)

flow duration in %

0 20 40

discharge in m3/s

Fig.4 (a) Flow duration curve
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flow duration versus power
output
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power out put per
unit head in Kw

U.
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flow duration (%)

Fig.4(b) Power outpil with flow duration
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Fig. 8 arangment of cross Slow turbine from two views

for flow i,
Passes in the % Successitytﬁ
F.lg.ﬁ for Optimup T are 4
diameter fo, the perf("'fnan

smaller leng[h of the er res‘l[‘s _l’gbr
vantage that cap p, L The | 3
tained fro ob €a

. ma]argerdiame .

mechamCa] Stresg by W:ens l,th
wo;;lc! be red.uc,:d_ But iy W:(ltr Prec. €
to build mainly g, - lc‘nstm‘:‘r
c]omponent requireq bec:::ler .v:
slower speed anq Ereater o € of the
compared o a smaller p,, .o U, Whey
pOWEr. HOWCVC]’) uging 3 l 0 Same
Cler runner results jp, 5 nmcifiﬁ':r diap,
much higher du.rability i Ehaving
greater potential fo, increag; a RUTSY

ciency beyond the appar € effy.
87%. The biggest cgs‘;e::t“i’l‘;d limg
ner, this larger in diameter is th a .
head due to the bigger inl,et Se 10551Il
tempt has been made tq red{Jc
ameter of the runper by incy € t.he c}i-
§ €asin
length. The design Methog g its
adopted and the different s ol‘o
9( the cross flow runner obtam:;mns
Incorporated in Table 7, The — are
blades, the blade radiu ocrof
h S and th d
sions of the jet are presented ; s
) nted in Table g
= 11. Desngf? of nozzle :
or maximum effici
is designed for a sing]{::]]:g;t:e VTS
Peration
(9]- The nozzle curvature s selected ag
nyo times the runner diameter, to givea
nice long gentle sweep on the blade
Considering  mechanical clearances
and a long gentle sweep, arc of nozzle
is taken as 73°as shown in Fig7. The
important parameter is the angle (a)
which the water hits the blade; it is cal-
culated as 16° in the previous calcula-
tions of blade angles. This angle is
measured relative to the blade angle
b(30°) which it self, is relative to the
periphery of the runner. There are sev-
eral nozzle arrangements that may be
used but the simpler arrangement is to
use a flow control valve as nozzle, to
adjust the angle of attack. The pozzle
parameters are listed in Table 8.
IIL. Over all dimension of Cross
flow turbine
A schematic of the turbine arrange-
ment in two different views is e
sented in Fig.8. The actual dimensions
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Fiead, He10m and Speed, N~400rpm

Power oul put(acw!)-Js.lkw

D
| 0324
uJHm 41'[1-0 = 0.324m Yu=1/5 D.—-T = 0.0643 m
y— -
Do 400
B ST 3 noyN  11(0.324) ® 400
qcorttVH 2B, %) =035 |y —Lm =678m/s
60 60
-d'—"‘-_-—-—_ — =
0.55 i i a, =a,,c=C. f§, = B,
B e sa310 + 0.0648 =20, =0,
] 7
S Winee =6U & W oniags = 2U".
o Coy2gi =2981°10 = 14m /s . —
1
| — 3
power out put(maxy= Q*H*8® 7]y 2 W ol S 0917 1 kg
0.55%10°9.81%0.92°1000 =S0kW s .

550kg / sec
Win wage ™= 681/kg, Wont 0ae=22.70/kg

w;‘U)Cy]'UIC)‘ =U)C;¢‘U:x= 227

DN
Ur=4.765ms =—=—, Dy=0.22m
60

@1.TTm/s and Bi=31.43° a;= 16.80°

C,, =4050/s 0r-Ca=4.05-

. 9
Cm(4765)" +(405)" =6.25m/s

a=403", p~y~%0

o7=Co =Cur=8.05 m/i =Cy 0u=90°

DF'J{DSZ + 6.782 =79 m's, Be=30.88°

Blade radius = 0.326*Dy/2=52.8mm

Arca of the Je= Q/C, = 0.039m

[Jet Thickness , S.= A/L = 64.4mm

Number of blades, n={x*D,)/(t+5,)=15
t=Thickness of blade=0.237"=6mm
(made from 4"steel pipe)

Nozzle radius=2*Dy= 0.648m

Arc of Nozzle = 73°

Table 7: Parameters of the designed Cross flow turbine

Table 8: Other constructional parameters obtained for the cross f low turbine

Blade radius=0.326*D,/2=52.8mm

Area of the jet =Q/C, =0.03%m’

Jet thickness, Sp = A/bo =64.4mm

Number of blades, n =(n*D,)/(t+S,)=15
T=thickness of blade=0.237 “=6mm (made
from 4" steel pipe

Nozzle radius=2*D,=0.648m

Arc of Nozzle =73°

Table 9:Cross flow turbine auxiliaries

Shaft sizes
Turbine shaft dia. = 55m
Driven shaft dia. =35mm

Belt DriveSpeed ratio=2.5, Center diatance
=2.6m, No. of V belts =4, Smaller pulley
dia. = 440mm, Larger pulley dia. =
1100mm

Coupling Size 3 Pin-Bush type coupling
Pin - 0.25 to 0.6% Carbon stee) 220-230BHN

Key- Material SAE/ALSI 1020
Smaller pulley 9.52X9.53X30.7mm
Larger pulley-12.7X12.7X24.4mm

Bearings-Decp grove radial ball bearing with

Larger bearing lifc 44 ycars

of the turbine and associated compo-
nents designed are highlighted in
F}g.,9. The runner can even be parti-
tioned into two parts, so that 1/3,2/3 or
the full length may be used at a time
depending on the load condition. The
pt'arfonnance characteristics of the tur-
bine are such that efficiencies of 83-
84% have already been reported over a
wide flow range of 25-100%, see Figs
10(a) and (b).

Manufacturing of Cross flow

turbine blade.

Options

Using the rolling die, it is possible
to form the blade from flat stick and fi-
nally cut to the required length and later
machining to the required accuracy. Or
else, the blade can be fabricated by cut-
ting a 4 inch pipe length wise, in strips
and machining to the required accuracy
and radius.
Details

In the first case, once the value of
blade radius, central angle and length
are known, it is possible to take these
figures to a machine shop and have
them form the blade from flat stock. To
conform to the blade radius, we need to
machine the blade section to form the
73.46° using rolling die and finally cut
the blades to their final length. There is
another alternative which is much sim-
pler to arrive at near the same result.
The dimension and the angles in the
design represent the near optimum di-
mension angles to satisfy mechanical
advantages & unrestricted passage of
the water. These dimensions are fairly
fixed, there fore can’t be arbitrary
changed with some decrease in effi-
ciency. As a result, there are definite
dimensional relation ships between the
various components of the runner. We
can use this to a great advantage be-
cause a supply stock is all around us

and readily available in the form of
steel pipe. For the manufacturing of
cross flow turbine, runner diameters
usually range between 305mm to

2 seals, Smaller bearing life-26yeras

Table 10 : Common pipe sizes which can be used to make cross flow turbine

blades 813mm in the length and usually most
Common Wall Runner of them are made from 4 inch
size oD ID Thk - Radius | Diameter steel pipe, how ever there is no hard
4 4500 [3998 |[.237° 2000 | 1227 and fast rule to fabricate always from
6 6.250 | 8.625 .280 3.125 19.17 4” steel pipe [9]. Some relevant dimen-
8 8.625 | 7.943 322 4312 28.53 sions using other size steel pipes are
10 10.750 | 9.976 365 5.375 33.00 given in Table 10.
water 8(1) October 2004 54
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o ] w turbine
Fig. 9 Over all dimenssion of the designed Cross flo

1g. |
able material in Jocal workshop;‘h I;:;
o ding manufacturing known that Ethiopia has so mu;tio I): ;i
Tc’mlll 0051dm ch:osT%]ow turbine and potential resource for nfreunzrn i
for locally made _ i .

i i th locally ~ POWer mict :
“ ?f i 3550513_‘3(1 Pmes‘:;mt:d a); Since the design 18 af'for_dablc with
s e minimum cos, both the private sector

f Cross flow tur-

15,000 bu. The cost 0 .
histication For

bine depends on its SOPRISH!
example if it 13 associated with draught

tube it costs much. The same capacity
Cross flow turbine, if it purchased from
foreign country would cost as much as
80,000birr.

Conclusion

One of the proposals outlined here
can be feasibly implemented depend-
ing on the availability of financial re-
sources with private sector parties /'in-
dividuals/ power sector companies.
The design of the systems and associ-
ated components has been carried out
to minimize both hydraulic and me-
chanical losses. The salient feature of
this project is that it can be imple-
mented " easily; especially the second
option of the design i.e. the cross flow
turbine, This turbine and its associated
parts can be made with locally avail-

pave the chance (0

ct to improve the
the shortage of

and the government
implement this proje
supply and lessen )
power generation in rural areas of this

region. The capacity of this p_roject
with second option 1S such that it can
serve on an average 175 families.
Other special feature of this cross flow
turbine is that it is particularly relevant
in the Ethiopian context and need to be
widely publicized, manufacturing strat-
egies firmed up and standardized to re-
duce the overall cost associated with its
fabrication.
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] Irrigation Suitability Analysis
Glschzegtudy of Abaya-Chamo basip
30ut?19'“ Rift Valley of Ethiopia)

(A

topography, climate, soil, land use pattern, water availability,
.sting data on to >
Existing

¢ practices are investigated and the. irrigz.ltion s]:ﬁtabilit.y criteria is defined
costs and socio eu;;i::uoi:a Models (DEMs) is developed to 'nvesu‘é‘l‘l‘: pd ‘e:;:'e‘:aluated
variables. Digital of the basin and the variation in elevation as we =k P Pl
tized Contour maPk haracterization, mapping soil ar!d land use uni usmg_ ; en

Stream net work ¢ n as well as crop development with respect to ll_le prevailing co
suitability for 1rrlgalll<: these attributes in the GIS environment -a_nd identifying pot tially

Super-imposing all appropriate method of irrigation, compiling georeferer}ced suitability data bage
development, suggcs.lmig a?i[c))n are among the main treatments undert:fken during t
land use, wa“’—f) rorflé':ﬁma and the lower delta of Hare, Kulifo and Bilate are cha

[.,agriz‘l)’;‘i':;:rzm fertility and high moisture holding capacity. Besides,
havin

Abstract

these areas are
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agricultural Practices, investmen

based on these

feature of the basin from the digi-

vironment and defining thejr
nditions has beep made,

entially suitable areas for crop

(slope, soil,
he study.

racterized with Suitable soi] units

with very flat land slope as
5, whi below 10 %, and are suitable for surface irrigaﬁon
the DEMs, which falls 0
observed from

T ty w 0% and 95 percentage time of exc
i low flow as well as 80%, 9  of

h? c?}[::c:es;:::fctiove sub basins is estimated and the area that can be irrigat

water in

d cropping pattern. To maximize the extent of irrigable land storage req
selected cr

reliability level is estimated.

In all the basins the potentially irrigable land exceeds t-he_available su

b g does not mean that the total annual flow capacity is less than t
e Tfhrlisver flow as well as run off during the peak flow periods, which
:::(;u:r:;even for some other energy generating options with provision of

I. Introduction

Population of Ethiopia is largely ru-
ral and dependent on agriculture for
their livelihoods. But agricultural pro-
duction has not kept pace with popula-
tion growth, leading to sever chronic
malnutrition and hunger, and periodic
crises induced by drought. Despite irmi-
gation potential estimated about 37
million hectare, only about 190, 000 ha
(5.3% of the potential) is currently un-
der irrigation, which plays insignificant
role in the country’s agricultural pro-
duction. Thus to bring food security in
the national ag well as in house hold
level, Improvement and expansion of
irrigated agriculture must be resorted.

Appropriate Mmanagemen
lection of best-fit irmigation
PIerequisite for wise utj
Scarce physical Tesources, |

t and se-
method is a
lization of
and and wa-

database related 1o spatially and tempo-
rally varying factors affecting the sys-
tem is quite important.

FAO (1987) conducted the first GIS
based study to assess the land and wa-
ter resources potential for irrigation for
Afnca. Limited number of reports and
investigation were made to asses the ir-
nigation potential of Ethiopia based on
the physical land and water resources.
Some of them are reports made by
World Bank (1973), IFAD (1987),
MoA (1986), WAPCOS (1995) and
WSDP (2003). Focusing on the present
study Area — Abaya Chamo Basin, De-
velopment prospects in the southern
Rift valley organized by Land Re-
sources Division, the Rift Valley Lakes
Basin study (Halcrow), Study on Rift
valley Lakes and Investigation of water
Resources potential in ACB
(Seleshi,20()l) are among the major in-
vestigations and reports so far.

The present study concentrates on
qualitative as wel] as quantitative as-

rface water ca
he irrigation w
can able to satisfy
storage requirement,

eedence flow of the available surface
ed with this flow is Computed for the
uirement with respect to different flow

Pacity during the low flow
ater demand. There js large
the demand of irrigated

sessment of the existing physical re-
Sources — land and water with respect
to its suitability for irrigation and to de-
velop a suitability datab

ase that would
help for further investigation on the
area. The soil, terrain features (DEM

and its derivatives) and land use classi-
fication criteria are the basis used to de-
fine the suitability. With this respect,
the Geographic Information System
(GIS) facilities were extensively used.

1.2 Objective of the study

The main objective of the study is
to provide GIS based irrigation suit-
ability criteria and to assess the natural
physical resources land and surface

Wwater for irrigation with specific objec-
tive of:

1. Providing an integrated, geo-ref-
erenced irrigation suitability data base
that can be used for identifying poten-
tial irrigation investment opportunity
with the aid of GIS.
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i L“ HE ;ie;:e;:(‘;em To maximize the extent of irrigable land storage requirement with
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reliability level is estimated.

the basins the potentially irrigable land exceeds the available surface water ca
.Ir; al'l[hisedoes not mean that the total annual flow capacity is less than the irrigation w
peno S.
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ry flat land slope as

{ the available surface
W is computed for the

respect to different flow
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ater demand. There is large
t of river flow as well as run off during the peak flow periods, which can able to satisfy the dema
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nd even for some other energy generating options with provision of storage requirement,
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l. Introduction

Population of Ethiopia is largely ru-
ral and dependent on agriculture for
their livelihoods. But agricultural pro-
duction has not kept pace with popula-
tion growth, leading to sever chronic
malnutrition and hunger, and periodic
crises induced by drought. Despite im-
gation potential estimated about 3.7
million hectare, only about 190, 000 ha
(5.3% of the potential) is currently un-
der irrigation, which plays insignificant
role in the country’s agricultural pro-
duction. Thus to bring food security in
the national as well

level, improvement and expansion of
imigated agriculture must be resorted.
Appropriate management and se-
lection of best-fit irrigation method js a
Prerequisite for wige utilization of
Scarce physical Tesources, land and wa-
ter. To ensure adequate Mmanagement
and design of a particular irrigation
System, well-developed and suitable

as in house hold
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database related to spatially and tempo-
rally varying factors affecting the sys-
tem is quite important.

FAO (1987) conducted the first GIS
based study to assess the land and wa-
ter resources potential for irrigation for
Africa. Limited number of reports and
investigation were made to asses the ir-
rigation potential of Ethiopia based on
the physical land and water resources.
Some of them are reports made by
World Bank (1973), IFAD (1987),
MoA (1986), WAPCOS (1995) and
WSDP (2003). Focusing on the present
study Area — Abaya Chamo Basin, De-
velopment prospects in the southern
Rift valley organized by Land Re-
sources Division, the Rift Valley Lakes
Basin study (Halcrow), Study on Rift
valley Lakes and Investigation of water
Resources  potential  in ACB
(Seleshi,2001) are among the major in-
vestigations and reports so far.

The present study concentrates on
qualitative as well as quantitative as-

nd of irrigated

sessment of the existing physical re-
sources — land and water with respect
to its suitability for irrigation and to de-
velop a suitability database that would
help for further investigation on the
area. The soil, terrain features (DEM
and its derivatives) and land use classi-
fication criteria are the basis used to de-
fine the suitability. With this respect,
the Geographic Information System
(GIS) facilities were extensively used.

1.2 Objective of the study

The main objective of the study is
to provide GIS based imrigation suit-
ability criteria and to assess the natural
physical resources land and surface

water for irrigation with specific objec-
tive of:

1. Providing an integrated, geo-ref-
erenced irrigation suitability data base
that can be used for identifying potgn-
tial irrigation investment opportunity
with the aid of GIS.
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puted for major TiVers in the bﬁ;%
Dominant soil and |and use/ cover
are considered for the present study.

2. Data Analysis and
Methodology

2.1 Input data and Materials used

The following input data have been
collected from the respective SOurces
and further analysis is made.

Topographical map:

About 6 topographical maps of
scale 1:250,000 defining the basin have
been collected from Ethiopian mapping
Authority. Out of which the catchment
boundary and other spatial as well as
grid data is developed for the present
study.

Soil map and Land use map:

Soil and land use/cover condition
maps on the scale 1: 1,000,000 includ-
ing the legend describing the features
were collected from Ministry of Agri-
culture and mapped using GIS environ-
ment.,

Climatic Data: Relevant climatic data
such'a's rain fall, temperature, relative
humidity; wind velocity and sun shine
hours for six stations were collected

56

2.2. Methodology

n of ETo, Crop water

.1 Estimatio
- d Available low flow

requirement an
Estimation of ETo

Conlourmap @50 M nterval

Py
-
'g%'& r, h

N Clip3.shp

Different methods hay, be
oped and being in use ovey the 1, 'tk
dozen of decades to estimy, lmba][
crop evapotranspiration With :er\,r%e
the available data. Each of thesk“lo
subjected to local calibratigy em Wiy,
ited to global validity. By; lhéa ;
Monteith method that combin,

ergy balance and masg tmnsf:tlhe o,
tion is commonly recommenq &Quy.
hence used. ed 3,

The smation of ETo

climatic stations is made a"ailab?ﬂed
using the CROPWATW4 3 "efsiee by
some cases where the aVailﬂbleILI_tl
matic data is limited to termper cli.
only, the Haregreaves method j ll:e“:e

Crop water requiremeng

A crop watelt requirement fo, .
lected crops is estimated U.si:‘
CROPWAT4.3 for windows. It
monthly data to estimate evapotrapg 3
ration. Monthly rainfall magm’tudcp;;
converted in to daily values i each
month through interpolation,

In addition to climatic data, crop
and soil data of the area under consig.
eration 1s provided as input data, The
cropping pattern is so selected to fi;
with the local cropping calendar ang
the respective crop coefficient for the
initial, mid and let seasons is identified

Cortour map @ 25m inlarval

20 0 20 40 Kidmeters

Fi .
gure 2.1: contour map of ACB @ 50m and 25 m contour interval
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idelines. The in-
FAO guldelme's. :
basedd?::ltem;c values were l“_‘““)f m(.i
termelemzd between the pre-identifie
:?3alues for different stages.

Thus the crop evapotranspiration
i ated as:
dm?;gf Ec’i'l: ‘:ch ; mm/monfh .
The crop water requirernent is esti-
ted taking care of the rainy seasons.
m?fective rain fall is detemnncq with
fhe aid of SCS method option in the
program and deducted from the ETc
Vé};; =ETc-P_,and NIWR =CWR
* A mm/month
crop

2.2.2 Developing DEMs and
Derivatives

The Digital Elevation Models
(DEM:s) are point elevation data stored
in digital computer ﬁlen. These d:fta
consists of x, y grid locations and point
elevation data or z variables. They are
generated in a variety of ways for a va-
riety of map resolutions or scales. The
point elevation data are very useful ag
an input to the GIS. The data can fyr-
ther be processed to yield Important de-
rivative products such as slope, aspect,
flow accumulation, flow direction, cur-
vature etc.

The study area covers much area
and digitizing the contour map with 25

m interval is some thing that takes a
DEMSs - @ 25m contour intarval

Crany
Eievaon R enge
NI5. 28y
%m.:ul
B 223 2000
B D30 2828
Ca®1s. 2050
3002075
31328 . 1000
1501925
L TR

ty
N 0 gy Kilometery

Figure 2.2 DEM;
contouyr intervq]

of ACB @ 25m
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Flow Direction

= 1-29

(7] 30.57
58-g5

4. 147
143. 179
171- 198
189.- 226
227 - 255
No Data

80 Kilometers

Figure 2.4 Flow directions gnq Slow accumulatipn

long Journey with
limited time. Thus,
the whole Ethiopia
tion is considered
evation Models (D
tives were worke
Out of which th
variability of slo
tive classificatio

TESpect to the ve

a digitized map of
with 200m resolu-
and the Digity] El-
EMs) and s deriva-
d out for the basin.
e terrain feature, the
Pes and thejr respec-
n has beep made.

Slope:

Slope is defined by a plane tangent
to the surface ag modeled by the DEM
for all grid cells. The slope gradient can
be understood as the maximum rate of

Slopa denved from DEms (50m)
Slope of Crtin? :
[E=3 0-10
10-20
-120-30
[130-40
140-50
C.150-60
EZ5160-70
i2:2] 70 -80
B 80-90
[C) No Data &

20 Wiometers
e —

Figure 2.3: Slope map of Abaya -
Chamo basin derived Jrom the DEMs

0

d - 10
( = wssa‘ms?m

9 50

characrerizing the bagip,

rain units and estimation of Potentja]
Bravitationa| energy et

This helps ip identifying the slope,
OF maximum ra,

¢ of change, from each
cell to its neighbours, T,

grid theme Tepresents the degree of
slope for each cell location, Data op
slope is Provided ag floating dag_ The
main significance of developing slope
map of the basin is 1, observe how flat,
mild ang steep the slope s, In additiop
to this, it describes the variation in
slope relative to the adjacent lands and
ChErgy generating Power of the un off,
Observing the deri

ved slope of the ba.
sin different methods of imigation; sur-

face, overhead as per the suitable sojl
can be suggested,

Flow Direction:

The flow direction function calcy-
lates the flow direction of each ce]l in
the surface to g neighbors. Data opn
flow direction are provided as integers.
This attributes defines the potential
flow direction and its accumulation.
The dark line in the figure indicates the
point where the flow is get accumu-
lated and to which way the flow takes
place. It gives a clear view of the run
off direction and further helps to con-
firm the actual flow directjon s0 th?t
the derived digital elevation models
from the contour map actually repre-
sents the basin charactenistics.

2.2.3 Mapping soil and Land use
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Figure 2.5: Soil m
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Table2.2: 4

20 0

Drainage '

rea irrigated with d

| Critenia for aporaisal
| Topography: slope |

dition | Range of the arfleria——1
mum | < 10%

mum | Wel draineg w)
- Marginal

20 4T Kilometers
%
ap of Abaya-

Chamo basin, mapped using Arc View/GIS

ifferent percen lage exceedence flow

Modaratelx well drained
exture optimum | Loam, sitty clay, day loam
ran Sitty loam
Soll depth Optimum | > 100em
(- Marginal | <50em
Caldum carbonate Optimum | < 30%
marginal | 30-60%
Salinity Optimum | < 8 mmhos/an
marginal | B-18 mmhos/cm
Alkalinity Optimum

Table 2.3: Soil suitability criteriq set Jor the present study

PIesence of j
Phosphoryg, Slope
Sumed to e Suitable fo, Surface jp.

ton if it i5 Jegs than 10% 44 " e
areas where the soil j

Crals g,
1 ch a
class1ﬁcati0n i g

irtigation; in fyey the
the two j based op
d other factors,

selection between
the soj] texture ap

Different land uge units are idens;.
fied and criter, are set for their sujt.
ability for irrigation, The land use anq
cover condition for the basin is ex.
tracted from the land yse map of Ethio-
Pia, which was developed by Ministry
of Agriculture. The respective land
cover conditions are mapped in differ-
ent sub basins of the study area (See
figure 2.6 and table 2.2). With this re-
Spect, areas covered with dense forest,
Bad Lands, swampy areas, water bod-
ies, restricted / controlled areas, aftd
stony lands are excluded frorp potenha;
capacity estimation. Intensxvelyt_ alnds
moderately cultivated areas, farmd I?m' y
covered by perennial: crops an e

i ticed by me!
gated agriculture prac Sl
scale estate farms are suppos
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0 10 20 Kilometers

lection criteria to identify between sur-
face and other methods of irrigation. Of
course other limiting factors such as
type of common CIops grown, socio
€conomic status are also investigated.

Based on these criteria a low land area
near the west and e

river are under less than 10% slope
classification characterized by sandy
loam to clay loam soil type. In this area
surface irrigation, which can be set
with relatively 1o

W initial investment
and available technology, is of para-
mount importance.

On the other hand, a lot of culti-
vable lands are observed athigh land as
well as at smal] portion in lower banks
of the riverside. These areas can be irri-
gated only if slope adjustment or power
supply to pump the water up hills to

some distance has to be resorted. (See
figure 2.7)

3. Results and Discussions

1.1 Soil data Results

Nitosols, which are fertile and good
for agricultural purposes, is observed
in alluvial fans apd deltas of Lake
Abaya and Chamo, in the immediate
northern part of Lake Abaya and in the
southern summit of Bilate basin. The
lower Hare as well ag Kulifo basins are

moatie Iand suggested for Semigravity h'nqn;m Systen

ast banks of main

Figure 2.6: Land use/cover condition map of Abaya- Chamo basin,
mapped using Arc View/GIS ( see table 2.2 Jfor details)

taken as good for agricultural produc-
tion provided that other factors affect-

percentage exceedence minimum flow
ing irrigation kept constant.

of the river. The storage requirement
needed to meet the crop water demand
on the identified area is also computed.
3.4 Suggested irrigation methods
on identified areas

2.4. Water resources availability
and Scenario Development under

Existing water Resources Condition The available technology, slope of
the terrain, people’s socio economic
Status, etc are also among the limiting
factors in selecting appropriate method
of irrigation. The present study consid-
ers the terrain feature (slope, topogra-
phy) and the soil characteristics as se-

. Estimated Potentially irrigable area
1S

' divided in to the respective sub ba-
SIS and compared to the available
minimy

um flow and different level of

Fig.2.7 Potential irrigable land
sugested for semi gravity (pumped)
system
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jtosols

tches of nitoso
44 T334, 38, 56). The
’ valley is charac-
ood for cul-

alSO co\'ﬂ'fd
(so{l o
southern
erized 1
tivation .
Luvisols with

tip of Gela3 ¥
th ﬂuviso]s, still g

clay loam texture
covers the southern ﬁp of L-akc Sm;):
The Gelana valley is dormunan y :
ered by cambiC Juvisols and htho.;olls:

1 40, 44, an ,
lay texture (sotl 16, 40, 44, _
;eeysoil map in figure 2.5). Cambic
Vertisols, with effective depth geater
than 150mm, clay to clay loam 1s ob-
served in Alaba kulito area. These soil

ematic for cultvation,

unless treatment is done. Mf)demtely
suitable soils (vertisols & luvisols) ex-
ist in Gidabo and Gelana Valleys.

1.2 Land use Data Results:'

~ The mapping units ideupﬁed are
less when compared to the soil classifi-
cation. Much of the eastern and west-
ern escarpments of lakes area and great
portion of the Gidabo and Gelana val-
leys are covered by rain fed peasant
cultivation of grains (Land use 2.3). Ir-
rigated agriculture is observed in Arba

Areairrip2ed @ different flow level

QUDOT
1800+
1600
1400+
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1000
8001
600
400
200
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Gelana

i

Gidabo Bilate Hare Kulfo Sile

sub basins

QArea ir. with 80% T Areairr. with 80% m Areairr. with 35% BAreairr with100% ]

Figure 3.1: Area that can be irrigated at different flow levels

Storage requirement
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3004
200-
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0

Biale Gelana Gidabo Sile  Kuifo Hare
sub basins

L W storage @95%

@ storage @ 80% exceedence flow & storage @ 90%

Q storage @ 100%flow

Fi ;
igure 3.2 storage requirements under different scenario of flow reliabili
reliaoility
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north eastern part of Gidaby, |, ‘e and
intensively cultivated areaq 310 gpg
22). (lang

Dense forest and ¢
with moderately cultiva‘t):(rjl EES lang
served in north western Bily, i
ments. Dense wood landg wﬂhCSc.a,p_
agriculture in patches were s i
south western Bilate area_ el
13 DEMs and Terrain featyr,

The upper areas of Hare erCr:
ment (near Chencha), the South o
hills of lake Chamo, Easterp ggor"
ments of Gidabo and Gelana high .
are characterized with rugged topg, &
phy and elevation range of 25’531;:
3440m ams. level Typically g,
Chencha, northen Bilate basin :
east of Lake Chamo have ap eleva:jzd
range of 2900m-3200m ang showI:
Yanation in elevation so that Varatiop
in slope with in short distance interva|
appears.

On the contrary, much parts of e
alluvial fans of lake Abaya and Chamg
(Arba minch, Mirab Abaya, Wajifo
Sille) and the lower valleys of Gelana,
and ‘Gidabo are characterized with el-
evation range below 1700 and charac-
terized with flat slope (< 10%). So are
suitable for surface irrigation with re-
spect to topography.

Slope of less than 10% is consid-
ered to be suitable for surface irrigation
with minor adjustment to negotiate the
natural slope. And slope ranges be-
tween 10-20 %, with suitable soil type
and limited constraints found to irrigate
with pumped-gravity surface method.
Irrigable lands with rugged topo-
graphic feature and with moderat¢
slope range are considered to imigated
by sprinkler and micro irrigation based
on the specific soil type.

1.4 Crop water Requirement:
Crop water demand for common
crops during the growing season is estl-
mated using the available climatic, soil
and cropping pattern data. The crop
water demand over the entire jdentified
potentially irrigable area is calculate

water 8(1) October 2004
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ared with the existing ﬂfw.
i nthly low flow as well as
Both 1% mlo time of exceedence low
= p'erzz?culated and compared to the
ﬂo“; 1ss,\rater requirement of the crops
::Ovt:r the irrigable eErea. .
1.5 Storage requlrem s
- Storage requirement to m t
d of crop water requuen}em a
P 1 month is estimated at different
cntICﬂd nce available flow level for
e ‘:;basin. It is observed that much
el is required in Bilate basin than
storﬂie This storage is not only due to
‘t):e]e:iv‘er water but can be provided in
the form of small-scale water harvest-
ing mechanisms too when sto_rage re.s-
ervoir with respect to the river dis-
charge is not possible.

4. Conclusions and

Recommendations

Approximately 0.1Mha of land,

which is nearly equal to 5.5% of the ba-
sin area, is identified as potentially
irrigable both in surface-gravity as well
as sermi- gravity over head methods of
irrigation with limited constraints.
These constraints can be improved
with appropriate water management,
soil amendments, provisions of
pumped system to irrigate moderately
slopping up lands.

Large portion of Gelana and the
lower delta of Hare, Kulifo and Bilate
are characterized with suitable soil
units having good inherent fertility and
high moisture holding capacity. Be-
sides, these areas are with very flat land
slope as observed from the DEMs,
which falls below 10 %, and are suit-
able for surface irrigation.

In all the basins the potentially
irrigable land exceeds the available sur-
face water capacity during the low flow
Periods. This does not mean that the to-
Fallannual flow capacity is less thap the
Imgation water demand There is large
amount of river flow as well as run off

during the Peak flow periods which can
able to satisfy the de
area and even for

generating optiops.

mand of irrigated
ome other energy

ue to §easonal variation of stream
flow, Provision of

; Storage reservoirs
has to be mplemented in 5] the basins.

Water & October 2004
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This is because the distribution of
available water is not even both in
space and time domain.

A detailed investigation and estima-
tion of the potential capacity of physi-
cal resources: land and water can be
made by considering soil samples from
the respective areas and performing
analysis in the laboratory, including
erosion hazard and considering present
land use/cover condition. Areal photo-
graphs interpretation and Normalized
Differentiated Vegetation Index
(NDVI) data can be collected and inter-
preted accordingly to represent the cur-
rent status of land use and cover condi-
tion. In addition to this, Remote sensed
data interpretation to identify wetlands

and salinity hazardous areas has to be
made.
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Preliminary Survey of Groundwatg,
Potential of SNNPR

Kedir Yasin, SNNp

Developme, B“’eau' ';’ate,. Re&ou
1. Abstract Awassa 080 153'%
SNNPRS is affected by recurrent drought due to the dela
springs, drying of streams and lowering of the w
minimal on the groundwater resource. Hence, s
to plan mitigation measures to be taken to red
surface and ground water resources.

y of the seasonal rainfa) and thjg Tesujeq .

ater table in hand dug wells, However, the effect Ofclie in dry;
urvey of the groundwater potentia] of the regiop, is Cru“}ate ¢h
uce the effect of drought, The region j

characterize the geology of SNNPRS, Th u
following three major categories; the

€ geolgp;
Precambrlan baseme (o leg) Mitg i
volcanic rocks & Quaternary sediments. The major aquifer in volcanic terrains is fractured Vvoleapje g ain%ic
Water in the volcanic rocks of the rift valley basin is generally fault controlled angd of

relief areas; depth to groundwater in these units varie
Quaternary sediments situated at physiographically |
Potential; and depth to groundwater varies from a few
rock terrains the availability of groundwater is restrict
along stream channels, Generally these rocks possess |

Mmoderate ¢, high Poteng r}:und_
more than 39 - owal In)
akes possess high o, =¥y, the
S. On the other
g and recent sedij
Potential apg de

s from around 100 meters to
ow relief areas and around ]
meters near lakes to 50 meter
ed to fracturing or weatherin
oW to moderate groundwater
to more than 60 meters.

roundwater is of good quality
rift valley drainage basin in w
the highland areas covered by volca

ndy
hang j;, the h:::;
Ment dePDsitinns
Pth to groundwa
for drinkjng but high Conge
aters which are ch o

Aracterjpey
: 3
nic rocks concenty f

ation ol irgp in

both surface and ground water js higher.

In general considering replenishable groundwater potential of the region much remgaj
the water resource for irripati

in Utilizatiop o

Introduction welI-Being of human population

greatly depends on the appropriate de-

Man and living nature can neither  velopment of surface and ground w

develop nor survive without water.

aler  ter resourc
Man has beep concerned with water l '
|

from the beginning of his existence. In
addition to water’s being essential 1o
his diet, it is also the means by which he |
can banish hunger, develop energy, :
dnive industry, promote trade and trans- 1 i L y /) ’
pPort, enjoy recreation and finally re- ||/ "T-

move and dispose of the Impurities and

by products produced by his cultural
activities.

=~ | DUGOIT

N
5
™
=
"

At first glance there appears to be
excess of water on earth. Op 2 glabal
scale, total water abundance is not a
problem; the problem is water avail.
ability in the right place, at the right
time in the right form. More than 99 ¥,
of the earth’s water s unavailable or
unsuitable for beneficial human use be-
cause of its salinity (ocean water) or
form and location (ice caps and gla-
ciers). Thus the amount of water for
which all the people on earth compete
is much less than 1% of total (Botkin &
Keller, 1987).

The economic progress and socjal

o 14 308

Figure 1 Location map of SNNPR
= water 8(1) October 2004
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Figure 2 Relief map of the Region

ike Ethiopia, intensive
dmughrlesc;cf:e 1planning, dcvelopmt-ant
wa(;einanagement can have a deceive
agle in the economic and sogial growth
:)f the country and in reducing the re-
current drought prob]ems._ N
Southern Nations, Nf:tlonalmes and
People’s Region covering an area o(f)'
110,932 sq. km is located betWt‘:en 40
27°—8°30° N latitude and 34°21" -39
11" E longitude. The region is bgrdered
with Kenya in the south, Sudan in south
west, Gambela Region in the north-
west, and Oromiya Region in the north
and east (Figure 1). The region is orga-

nized in to 104 woredas with a tota]
population of around 14 million.

Physiography

The physiography of the region var-
ies from dissected fault-block and bor-
dering escarpments to low lands and
rift valley basins. All the landforms in
the region are oriented NE-SW. Gener-
ally the elevation declines from north
to south and this gradual sloping sur-
face 1s modified by two ways; through
erosion and late Tertiary Rifting activ-
ity. There is a great elevation difference
in the region varying between over

Table 1 Population and population density in the region

Scheme | Total pop* Water supply coverage (%)
WOREDA No. - Served Rural Urban | Averape

Gedeo Zone 350 363,951 4701 | 57.83 48.48
Gurage Zone 658 524,872 3245 | 76.94 3528
Hadiya Zone 336 235,685 1582 | 56.97 18.70
Keffa Zone 275 141,126 1580 | 46.73 18.35
KT Zone 407 274,903 36.68 | 79.70 40.04
Sheka Zone 96 47,514 2454 | 3981 26.97
Debub Omo zone 364 135,405 3030 | 4122 31.17
Welayta Zone 618 657,097 4138 [ 51.93 42.73
Bench maji Zone 345 210,768 4887 | 42.66 4829
Sidama zone 1278 | 1,233,385 4459 | 58.29 45.73
Silti zone 99 263,809 33.49 | 5733 34.94
Dawuro Zone 110 64,850 1779 | 27.87 18.14
Gamugofa Zone 411 348,469 21.34 | 5524 24.43
Konso 58 31,081 13.31 | 5545 15.06
|_Alaba 20 106,239 49.23 | 85.61 53.55
Amaro 17 23,323 1560 | 85.60 18.20
Basketo 18 8,058 | 1424 | 74.47 19.14
Burji 25 18392 | 2750 | 85.62 3567
Derashe 26 55,109 4875 | 2574 4628
___'\C':'nnm 35 20,793 22.57 | 85.61 26.00
o~ 48 44,962 52.49 | B5.04 53.13
on 5594 | 4,309,891 33.09 | 58.43 35.14

Water 8(1) October 2004

3500 mas.|. at Gurage
the water divide of
Genale basins in the
WEst respectively 1o
m.a.s.l. around lake Rudolf in the

south. The high relief areas are located
at the water divides of

mountaing and
Rift Valley ang
north and north-
less than 500

3. At Amaro horst

Population & Water Supply
Situation

In the region there are climatic con-
ditions not only goveming the areas
suitable for human occupation but alsg
the type of culture that can develop.
The region is organised in to 104
woredas in 13 zones and 8 special
woredas.

The region has a total population of
13,685,996 (projection for 1995 EC,
Statistics and population office) with a
population density of 123 4 people per
square kilometre area. The population
density varies from 10204 in Wonago
woreda of Gedeo zone to 3.9 in
Selamago woreda of South Omo zone.,

The following table (table 1) gives
summary of population and population
density data by zone and special
woreda. :

Generally in the region the settle-
ment is sedentary, however in South
Omo and parts of Benchi-Maji zones
the population is nomadic or semi-no-
madic.

The water supply coverage of the
region at the end of 1995 EFY is esti-
mated to be 35.14% (33.09 % rural and
58.43% urban). Table 2 gives the water
supply coverage by zones/Sp. woreda.
A total of 5594 water supply schemes
are constructed in the region. When the
proportion of the different water supply
schemes is evaluated almost all of the
sources for the water supply is ground-
water (Hand dug well, shallow well,
Deep borehole and springs). The con-
tribution of surface water sources as
potable water supply is small or negli-

gible (table 3 and figure 3)
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y The availability of water is gov-

_ Collection

ous geo]ogical,
erned largely by the prevailing climatic

e (1993 EC) . - .
condition. Thus the existence of a long
od and the decrease in the

|
! P8
EE_—DAM [Total dry pen
r_g___; amount of rainfall and spatial and tem-
|4 poral variation of rainfall have an effect
- . on the availability of both surface and
| p subsurface (ground) water Tesource.
| The region is affected by recurrent
"’E__%___ 127 drought due to the delay of the seasonal
4 rainfall. One of the immediate effects
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unt °£:35ed the following conse-
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- the water resource (Kedir
in

e zogrease of spring discharge as
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@ Drying
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of rivers and streams for
die stream, Bila stream

and the stream near Soyama town

Temperature is generally altitude
dependent and the mean annual tem-
perature is above 27°C in the lowlands
and around 10°C in the Gurage and
Hagereselam highlands (Figure 5).

Based on the annual and monthly
mean of temperature and rainfall and
also on seasonal changes of rainfall,
type of natural vegetation associated
and altitude the climate of the region
varies between cool temperate and
warm lemperate traditionally called
“Dega” and “Kola” respectively (Na-
tional Atlas of Ethiopia, 1988).

—
”

" [ oy

-

Figure 5 Temperature map of the Region
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oo v B Aa [ Rawal
i (Sq. lom)
; :::-\Irh.n.,uh 12 0.17
3136045 Fr %]
I‘J‘— Omo-Ghibe 513581 3160
4__| Baro-Akcho 1967932 17.74
L] Genale Dawy 2,373 94 FET
A 1109319 )

Table 4 River basins and catchment
area in the region

In the region there are § drainage ba-
sins (table 4 and figure 6). Omo-Gibe
River basin and Rift Valley Lakes basin
are the largest basins in the region cover-
ing almost 80% of the total area of the
region.

When compared to the total catch-
ment area of the basins in Ethiopia with
the proportion of the region it can be
seen that the area contribution of the
Awash  and  Genale-Dawa nver
catchments is negligible. Hence the ma-
Jor river basins in the Tegion are the
Omo-Ghibe (containing almost 75% of
the total catchment area), Rift valley
Lakes (containing some 60 % of the to-
tal basin area) and Baro-Akobo River
basin (having a proportion of about 25%
of the total catchment area) (Table 5).

As far as the drainage density is
concerned the density is higher in the
mountainous areas and lower in the
valley floors. And this is mainly four
two reasos the rock type and slope con-
ditions.

The rift lakes of Ethiopia are situ-
ated between 4° to 14° N latitudes and
36° to 44° E longitudes. Presently they
occupy an enclave of internal drainage
basin separating the tributaries of the
Nile and Wabi Shebele basin, and are

lying between the Eastern and Western
escarpments of the Main Rift Valley.
The Main Rift starts in the neighbor-
hood of lake Abbe and extends some
1000 km SSW wards into Northern
Kenya (Gasse et. al., 1980).

The Main Ethiopian Rift Lakes are
presently represented by three closed
basins (of course they are four) but as-
sumed three for simplicity

1. The Ziway - Shalla Lake System

2. The Awassa - Shallo Lake System

3. The Abaya - Chamo - Chew
Bahir Lake System

Parts of Gurage zone (Sodo,
Maskan and Mareko woredas) and
most of Silty zone are included in the
Ziway - Shalla Lake system. The
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is a closed
o . 3 lake system 15 ac
ziwsy - Shal 1ozl catchement area of

basin BAVICE & 1 ch 1443 i coV-
bodies. The lakes I ;!cls
basin are VOICMHCFIZ?:): :“;’;Ig;nm i
by surface WaleTs (myers) 35 il
water in addition to precipitation © &
lake surface. The basio lies ﬂmm;
highest part of the Main Ethiopian R
floor and contains the voIcanf)-rectomc
lakes Ziway, Langano, Abiyata and
Shalla and the crater lake Chitu. _
The Awassa - Shallo lake system is
a closed sub-basin found in the m1c¥d1c
of the Main Ethiopian Rift and mainly
contains Sidama zone. The sub-basin
contains the lake Awassa and the Shallo
swamp. Lake Awassa 1s 2 small lake
interms of surface area, lying in the cen
ter of a caldera named Awassa caldera
totally enclosed by faulting having a to-
tal catchement area of 1400 k. The
major source of surface water to the
lake is Tikur Wuha river which con-
nects the lake with Shallo swamp (hav-
ing an area of 12 km’ at an elevation of
about 4 m high from the elevation of
lake Awassa) and springs in the vicinity
of the lake like Loke spring in addition
to direct precipitation on the lake sur-
face. The lake has an average annual
direct surface inflow amounting 145
mcm, direct precipitation on the lake
surface amounting 88 mcm giving the
total input to be 233 mcm and a loss of
water from the lake surface by evapora-
tion being 151 mem (Zeménu, 2000).

1 Bum | Total Catchment |  Ara in u{“(\
No| Hwer area (Sq.km) | rogion(Sq. km) ”°”""’°"dm
T_| Awash 112,700 lua'*
2| Rift Valley Lakes 278 28043 | 0o
2 = 78,200 s‘szsTN
4| Baro-Akobo 74,102 |9,5793-TN
: o 171,050 237394 %4

Tuble § Comparison of total catchment area of basins with the COntribugigy ;‘-‘9

0

SNNPR

The Abaya - Chamo - Chew Bahir
lake system is in the Southern end of
the Main Ethiopian Rift. The sub-basin
is more extensive than others having a
drainage area of 37,500 km?® and con-
tains Sidama, Gedeo, Hadiya, Gurage,
Silty, Wolayta, Gamogofa and South
Omo zones and Konso, Burji, Amaro,
Derashe and Alaba special woredas.
The system contains three lakes Abaya,
Chamo and Chew Bahir. Even if the
lakes look separate at present, in the
past discontinues river flows have
linked lakes Abaya, Chamo and Chew
Babhir (Stefanie) (Beadle, 1981 as cited
in Tudorancea et. al., 1989). Lake
Abaya is the largest lake in the Rift Val-
ley Lakes. The main surface water in-
puts to the lake are direct precipitation
on the lake surface, run off from rivers
Bilate, Uraye, Shope, Hare Kola,
Gidabo and Gellana, and springs
around the lake shore. At times it over-
flows to lake Chamo through Kulfo
nver. The main surface water inputs to
lake Chamo are precipitation and run
off from rivers Sille and Kulfo. It dis-
charges to lake Chew Bahir through

e
v

Oritrage and River Bown

o b

Fig. 6 Drainage map of the region
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Metenafesha stream
1992). The source of Seg .Ow'
which flows to lake Stefapje 1:1: e,
the Southern end of lake :qba of
there is a broad water chapne 7 ag
ing lake Chamo with the S
When the water rise in lake
about 5 inches, which wij] prob, for
take place every year at the beg; ﬂ.’ly
of the rainy season a large rivg::mu.:
flow from lake Chamo to Segan
Lake Chew Bahir situated at the So:;r.
e end of the Ethiopian Rift occupj "
shallow depression fed by the ﬁ:“
Weyto, Segan and Gayoharo, | ism
small ephemeral lake Presently isoiatc;
from the lakes Abaya and Chamg

The Omo-Gibe Basin js abo;:t 78
000 km® in area, occupying the south
west of Ethiopia, between 4° k{1 i

l Comnegy,
Ban rqu_

9°30" N; and 35° and 38° E andai:l:
cludes Gurage, Hadiya, Dawuro
Kembata-Tembaro, Wolayta’

Gamogofa and South Omo Zones and
Yem, Basketo and Konta special
worcdas.. The southem extremity coin-
c:df:s with Lake Turkana, Its defining
drainage consists of the Omo river,
ﬂm..ving into Lake Turkana, and its’
main tributaries the Gibe draining the
north of the Basin and the Gojeb drain-
ing the west of the Basin. The Omo-
Ghibe nver basin is the second drain-
age basin in the country next to Abay
(Blue Nile) interms of annual runoff
(amounting 17.96 billion m’® and aver-
age flow (having an average flow of
300 m/sec). A key characteristic of the
Basin is its topography. The Basin di-
vides sharply, and almost exactly, into
highlands in the northern half and low-
lands in the southern half. The northern
highlands are deeply dissected, and
drained by the Gibe and Gojeb sys-
tems; these merge to form the Omoina

- deeply entrenched gorge which slices

north into the highlands. The high-
lands are characterised by steep slopes;
and the area is favoured by a climate of
moderate temperatures and rainfall.

water 8(1) October 2004
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contrast, are
ow altitude, relatively
d a harsh climat_e of
e and low to medium-

graturl % 3
pigh ¢ 1. The annual rainfall vanes
lo infa’’

{pimum of 400 mm in the ex-
of the Basin to maxima
watershed. The mean
over the Basin as a
annual s 1140 mm. In the west of the

e Sollt-h .
d the Basin
" rainfa“

whole 3

. over 1500 mm of average annual
2511,
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“‘“’fa:,] 1;;:]:: and 1900 mm north of
arou” The north-eastern edge has
quga'l high rainfall - over 1700 mm
mula; ywelkjte. However, rainfall de-
o 05 towards the porth - to 1200 mm

;ako - and to the south anq south-
e to 1000 mm near Sodo, increas-
Fa;t ;o 1500 mm near Sawla, before
in

dropping 10 the minimum in the south.

creas

Baro-Akobo drainage basip ‘wh.ich
has the highest annual Precnpltahon
covers parts of the Benchi-Maj, Kafa
and Sheka zones and Genale-Dawa ba-
sin covers parts of Sidama zone.

6.2 Geology o
logical Setting

. ?';2 Iv%ain Ethiopian Rift (MER) is
roughly a NE oriented segrpent of the
East African Rift system which extends
from the Afar depression southward to
a broad zone of basin and ranges near
the Ethiopian boarder with Kenya. U
has a length of about 1000 km and d.!~
vides the uplifted Ethiopian volcanic
province in to the Northwestemrand
Southeastern plateau. The Main Ruft 1s
essentially linear as far as 6 © 30’ N,
where it bifurcates in to the Gungul
(Chamo) and Gelana Grabens, sepa-
rated by the Amaro Horst. .

The MER is characterized by active
extensional tectonics. Two main fault
systems have been distinguished in the
MER: a N 30 ©E - N 40 © E trending
fault which characterizes mainly the
rift margins and a N-S to N 20 © E
trending fault system, the Wonji Fault
Belt (WFB), which exhibits a number
of sigmoidal, overlapping right-step-
ping en-echelon fault zones obliquely
cutting the rift floor (Boccaletti et al,
1998). Tertiary volcanic rocks domi-
nate most of the geologic sections ex-
posed along the rift margins. The rift
floor of the Central sector of the MER
consists of three caldera related basins
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occupied by lakes: Ziway-Langano-
Abiata, Shala and Awassa and the
Bilate River basin. The volcano-tec-
tonically active Wonji Fault Belt
(WFB) connects these basins. In the
Northern  Central sector (Ziway-
Langano-Abiata basin) the rift axis
consists of two en-echelon Quaternary
volcano-tectonic zones, as narrow gra-
bens along each margin of the rift floor.
Elsewhere in the MER, the rift axis
forms a single median zone.

On the Ziway-Langano-Abiata nift
floor adjacent to the Gurage escarp-
ment, in which the project area is situ-
ated, the active marginal graben is
termed Siltu-Debre Zeit Fault Zone
(SDFZ). The project area in the SDFZ
is bordered by the Dugda horst in the
east and the western Main Ethiopian
Rift escarpment in the west. The graben
contains lacustrine sediments and
welded tuflf on which several inter-
spersed coalescing nested scona cones
aligned parallel to the Gurage escarp-
ment. In Sodo woreda and eastern parts
of the project area basalts, scoria and
gravel are the dominant lithologic for-
mations.

The plateau areas overlooking the
rifts probably originate during the
Oligo-Miocene when an immense vol-
ume of Trap basalts and minor ignim-
brites were out poured on top of an up-
domed Mesozoic and Precambrian
basements. Volcanism, plateau uplift
and development of the Main Ethio-
pian Rift have been attributed to a

mantle hot spot beneath the Ethiopian
plateau (Ebinger et al, 1993).

According to Giday WoldeGebriel
et al (1990), the MER is believed to de-
velop in to a symmetrical rift in two
stages of evolution. In an early tectonic
phase (pre- Pliocene) there were four
high angle boarder faults bounding al-
ternating and opposing half grabens in
the central and adjacent northern and
southern sectors of the MER. Proceed-
ing south these alternating and opposed
scarps are the eastern margin in the
Arba Gugu mountain region, the
Gurage western rift margin, the Agere
Selam eastern rift margin and the
Chencha western escarpment.

From dating and spatial and tempo-
ral relationship of volcanism it has
been deduced that the transition from
opposing and alternating high angle
border faults of the early phase of rifi-
ing of the MER to the more symmetri-
cal rift of today probably tock place in
late Miocene or early Pliocene time by
fault controlled accommodation zones
of volcanic centres linking the alternat-
ing opposed high angle border faults.
The northern margin of the Main Ethio-
pian Rift is formed at about 10 Ma and
recent K-Ar dating confirmed age lim-
its of 8.3 Ma and 9.7 Ma for the Gurage
and Agere Selam scarps respectively.
The tectonic framework of the Ethio-
pian rift thus appears to have been al-
ready established in the late Miocene
(Boccaletti et al, 1998).

As previously said the MER ex-
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Figure 7 Generalised Geologic map of the Region
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sediments. 'l'he1 e

o structural 1€3
giolrizhiopian Rift is the noqhem seg-
ment of the East African Rift System
separating the Somalian and Nubian
blocks. It extends south-;outl}mwcst
from Lake Abbe triple junction, in 'the
Afar, to Lake Turkana region. For sim-
plicity the rock units covering the ré-
gion area grouped in t0 four:

1. The basement rocks

2. Trap Series volcanic rocks

3. Post Rift volcanic rocks

4. Quaternary sediments and lacus-

trine deposits

1. The basement rocks

The Precambrian rocks out crop in
four major areas in the Southern
Peoples region, where the younger
cover rocks have been eroded away.
These areas are the peripheral & rte-
mote Southern & Western parts of the
region including Bench-Maji, South
Omo, Konso-Amaro-Burji Special
Woredas and Eastem part of Sidama
zone i.e Bansa-Aroressa Woredas and a
small outcrop is observed in the west-
e rift escarpment west of the
Butajira-Bui road. These outcropped
rock formations consist of low grade
Volcano-Sedimentary ~ assemblages
with associated mafic to felsic
intrusives and high grade gneisses and
schists that belongs to the Precambrian
upper and lower stratigraphic com-
plexes respectively.

The Lower complex is part of
Mozambique orogenic belt that pre-
dominantly consist of orthogneisses,
paragneisses and migmatites, and am-
phibolites with beds of marble grading
from amphibolites to granulite facies
and the upper complex on the other
hand belongs to the Arabian-Nubian
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oth complexes are
major jithotectonic assemblages Zﬁc-:f;
pized 10 the precamonc crsyé][n =
pasement 1o of Ethiopia. b o

i ement rocks are overiail
T e s rocks excep! for the west-

rie
i ment where the basement

ift escarp .
st Mesozoic sedimentary

shicld of which g

7. The Trap Series
Series includes Mekonen
g ; Fejeji basalt,

urma i

i jocene highland pyroc!asncs,
chytes pordering the
arts of the
s region, including
i Kaficho

uraghe, Hadiya, KT, I
e Gamugofa, Wo]a)fta,
omo & Gedeo which
ird part of the region, is
ed and covered by

Southern People

volcanics.

The highland volcanic tenain.of
Southern Region is product of eruption
of voluminous basalitic magma that
form Trap series including Ashangie
and Magdala groups, erupted from fis-
sures during the carly and middle Ter-

tiary of Cenozoic era.

The Ashangie formation is the earli-
est fissural flood basalts consists
predominatly mildly alkaline basalts
with interbedded pyroclastics and rare
rahyolites. The Akobo basalts in South-
western Ethiopia are considered to be
analogues with this formation.

The Magdala volcanic group pre-
dominate by acidic rocks including
acid  tuffs,  mostly ignimbrites
panteleritic rhyolite and trachyte with
subordinate intermediate and  basic

rocks.

3. Post Rift Volcanics

The rift floor is dominantly com-
prised of Aden Series constituted by
siliceous domes & flows alternate lay-
ers of ignimbrite, tuffs & ashes as well
as Basalitic flows and related spatter
cones at the base of which are predomi-
nantly basaltic lavas.

‘All the Quaternary basalts in the
main Ethiopian Rift are composed of
basalt flows, scoriaceous and basaltic
hyaloclastites, transitional types of

both fissural and Centrg)
stages and concentrateq SUceeyg
younger analogous units o

in the southwestern Ethiop;
a

floor along the Wp at e ]{‘[l;

Utside 2 ey

Tepi and Mursi basalts proclfue fresy
u

central type eruption of 3 Iy
( Davidson, 1983). The byg
and spatter cones of the 2
Volcanics in Cenozoic era 4y,
developed in small 3rease

litje f

of lake Abaya.
4. Quaternary Sediment,
Lacustrine Deposits g
On the other hand the Joy

Southern & South wester bo::lnds
Ethiopia and a variety of centry ;IS-O
and Depression, surrounding thaslf's
valley lakes, which were devef
during rifting processes are ﬁl!egped
undivided lacustrine and flyvjy] b-y
ments of Pleistocene-Holocepe oy
Among them the Omo group Sedimage.
that cover most parts of Kibish Oents
and Usno branches of the Turka;;a Ir?;
is comprised of four formations ;
Mursi, Nkalabong, Usno and Shup, -
formation (Davidson 1983). In gl:ﬁa
main Southern Ethiopian rift the quz:
ternary sediments are commonly of
lacustrine origin. The Quatemary sedi-
ments are not uncommon in the low-
land areas bordering highlands as in the
Gelana river valley bordering the
Amaro horst.

6.3 Groundwater Resource

The Roman architect Vitruvius, has
explained the now accepted infiltration
theory that the mountains receive large
amounts of rain water which percolates
through the rock strata and emerge at
their base to form streams (Todd,
1980). This was an important step for-
ward to explain the origin and move-
ment of groundwater. Here it can be
seen that the movement of groundwater
in the geological formations is related
to the presence of some sort of conduits
in the formations. It is 2 well-known
fact that the factors geologl topogra-
phy and climate play 2 significant 10l¢
i1 determining the distibution, QUi
and quantity of surface and ground ¥
ter.
A. Hydrogeology of Rock Units
1. The basement rocks
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i \are considered as
These [0:3]; z::;ily rocks that have
pard rocks:. orosity will not havz;
very Jow? 10 allow the movement O
the €29 lir capacity 10 allow move-
waleh - ndwater is greatly desen-
ment 0 ¢ presence of secon ary
Gustafsson, 1993 (cited u;
'onal collection) te@ed a?
IAH, e h have no sufficient pn-
rocks, W7 and conductivity for fea-
porostgywmer extraction as “hard
sible &7 thering and fracturing en-
v w:,:ter storage and circulation
. of hard rocks. Generally
capacgywater occurrence in unweath'-
our;md rocks 1s not 2 regional t).rpe it
?relgcalized to the areas that have inter-
- ractures.
con;';zerfxc::grilnofphic rock units in the
region posses secondary porpsnys r3:
Jated to weathering and fra'ctum?g.the
| shallow wells are drilled in these
e (South  Omo  zone,
formations
da Woreda and Aroresa
ey f the wells are located
woreda), most 0 : ¢
along streams which are structurally
controlled and act as groundwater con-
duit. Generally depth to groundwater in
these formation is below 60_meters.
The basement rocks in the region pos-
ses moderate potential at fractured and
weathered zones.

hance the

2. The Trap Series

The Trap Series is mainly com-
posed of tracytes, thyolites, bas?lts agd
ignimbrites. Volcanic rocks differ in
their mineralogy, texture and structure;
therefore, the water bearing potential
of these rocks vary accordingly. The
water circulation and storage capacity
of volcanic rocks depend on the nature
of the porosity and permeability of the
aquifer.

Volcanic rocks show high range of
permeability variations: from highly
permeable basalts to tuffs with high po-
rosity but low permeability or dikes
with both low porosity and permeabil-
ity. The porosity of unfractured fresh
volcanic rocks varies from less than 1
% in massive basalts to §5 % in pumice
Or scoria. Although porosity may be
high the permeability is largely a func-

tion of other prima

Ty and secondary
Structures in the rock mass.

The Primary porosities are results

of volcanic textures and structures,
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which include vesicles, lava tubes and
shrinkage cracks; while the secondary
porosities are results of fracturing and
weathering. Hence the important char-
acteristic  features  govemning  the
groundwater movement and accumula-
tion in volcanic rocks are

— Vertical permeabilities due to
fracturing

- Honizontal permeability in hori-
zons

- Occurrence of impervious hori-
zons

Of course all fractured and porous
rocks may not contain water, the main
controlling factors are

- The type, frequency, orientation
and aperture of fractures

- Nature of fracture filling material

- The degree of interconnection of
fractures

- The thickness of the flow

- Presence of cementing material
and their hydraulic character

- Nature of the cover soil and

- Climatic and topographic condi-
tions

Generally the trap series rocks oc-
cupy highland areas and the rift escarp-
ment, and they are generally fractured
related to the rifting. Groundwater oc-
currence and movement is related to
fractures and depth to groundwater var-
ies from 100 meters to more than 250
meters. There are large springs emerg-
ing from these rocks at fault breaks (to
mention some: Bojobar spring in
Gurage zone with a discharge of over
100Vs, springs in Silty zone with a dis-
charge of about 80 Vs located at the
western rift escarpment).

Since the units are out cropped at
the highland areas they get high rainfall
and are generally considered as re-
charge areas and posses from moderate
to good potential.

3. Post Rift volcanics

The post rift volcanics found in the
rift floor along the WFB and SDFZ in
the northern part; are highly fractured
and the lava flows have vesicular tex-
ture. The streams in these zones gener-
ally follow the faults and stream losses
are great, indicating good recharge con-
ditions. The faults with varying deep
orientations form local horst and gra-
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ben structures and accordingly the
faults are acting as barriers for ground-
water movement in the horst area. This
indicates that the groundwater move-
ment in the post rift volcanics is fault
controlled. As a result in horst areas as
for example the Dugda-Koshe-Tora
horst and the Midrekebid horst depth to
groundwater is generally over 200
meters. On the other hand in the graben
areas (west of Tora, around Butajira,
around Arba Minchi area and east of
Boricha ridge in Sidama zone depth to
groundwater varies from 0 to 60
meters. As to the groundwater condi-
tion along the Bilate river depth to
groundwater increases as one moves
away from the river along the asphalt
road to Shashemene and Wolayta Sodo
towns. There are a number of hot and
cold springs emanating from these post
rift volcanic rocks. To following are
some of the cold and hot springs ema-
nating from these formations: Gidabo
hot spring, hot springs north of Lake
Abaya, Arsho hot spring, Awada spring
(Q~160Vs),  Arbaminchi springs
(Q~180Vs). Generally in low relief ar-
eas the groundwater potential in the
post rift volcanics is good and in the
horst areas the potential is moderate.
On the other hand the post rift
volcanics in the Omo-Ghibe drainage
basin is represented with Mursi basalt
in South Omo zone and Tepi basalt ex-
tending from Aman to Masha town,
These basalts are generally massive
and porphyritic and generally consid-
ered as hard rocks. Groundwater gener-
ally occurs in the weathered zone of
Tepi basalt, which has a thickness of
about 30 meters (Aman well). The
lower part Mursi basalt having a thick-
ness of some 50 meters at the fringe
zone is observed to be vesicular and

posses moderate groundwater poten-
tial.

4. Quaternary Sediments and
Lacustrine deposits
The hydrogeological condition of
the lacustrine deposits and quiaterary
sediments is governed by grain size of

materials, sorting and degree of cemen-
tation.

The quaternary sediments and

lacustrine deposits occur at low relief
areas; generally around Awassa, Abaya
and Chamo lakes, Boyo lake area bor-
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dering mountainous areas as in
Meskan, Sodo and Mareko woredas of
Gurage zone, at lower reaches of rivers
like Bilate, Gelana, Gidabo, Omo and
others streams. Their physiographic
position favour good accumulation of
groundwater. Generally depth to
ground water varies from a few meters
to around 50 meters. These rock units
are the potential aquifers in the region.

B. Groundwater recharge

A recharge area can be defined as
that portion of the drainage basin in
which the net saturated flow of ground-
water is directed away from the surface
and the water table is usually lies at
some depth where as discharge area
can be defined as the movement of the
net saturated flow of groundwater is di-
rected toward the surface and the water
table usually lies at or very close to the
surface (Freeze and Cherry, 1979).
There are many sources of recharge to
groundwater systems; these include re-
charge from precipitation, rivers, irri-
gation losses and inter aquifer flows
(Tenalem Ayenew, 1998). Determina-
tion of recharge rates for aquifers is one
of the most important aspects of ground
water resource evaluation. However,
when dealing with a large catchment
area, representative direct field mea-
surements of recharge would be im-
practical. Several other methods are
available to estimate recharge, and al-
though the results produced are liable
to show very high variations, indirect

approaches such as water balance
methods, baseflow separation method,
recharge area estimation method and
well level fluctuation could be em-
ployed to obtain acceptable recharge
rates.

" However, the estimated recharge is
not evenly distributed, with the low
land areas have an annual water bal-
ance in deficit, while the highland areas
have a surplus, making water available
for recharge. When we see the re-
charge of some of the sub-catchments
within the region the mean annual re-
charge is about 15% of mean annual
rainfall (Desse Nedaw, 1997, Kedir
Yasin, 2002, AG Consult, 2004). On
the other hand from the recharge-dis-
charge condition given in the
Hydrogeological map of Ethiopia
(Tesfaye Cherinet, 1993), in the
northwestrn part of the region the re-
charge is about 40% of mean annual
rainfall and the recharge in the low land
areas is negligible or about 5 % of the
mean annual rainfall (figure 8).

Observing the above factors, the
stream loses along stream channels and
at the quaternary sediments and lacus-
trine deposits (surface-ground water
relations) taking 10% of the mean an-
nual rainfall of the region as
replenishable recharge, will be a good
initial estimation. Accordingly, consid-
ering this the mean annual
replenishable recharge to groundwater
in the region can be computed to be
about 14,000 MCM.
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The quality of water as determined
by its physical, chemical and biological
characteristics is of great importance in
determining the suitability of a particu-
lar water for certain use. The quality of
water is resultant of all processes and
reactions that have acted on the water
from the moment it condensed in the at-
mosphere to the time it is discharged by
a well or spring.

Water Type :
Generally as groundwater move

along its flow paths in the satumuds

zone, increase of total dissolved so
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jor ions normally
evolve chemically
jtion of sea water
rarr‘lpa;on of anion CVOI\&-I
; long its pa
e undwater flow along
?::5 followS
Jly the water tyP¢ of .gx'ound-
Gex in the region vanes frorg
watcl £ e in the highland area and
Ca‘HCOJ ones 10 Na-Cl type arount
Che; Bahir and Lake Rudolf.
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oblems
i r:a]i‘;n:;cr quality refers to
teristics of water supply t_hat
its suitability for specific
w well the quality meets the
L Le.{' the user. In this regard the
undwater quality In thc.reglon have
igblems of iron and fluoride.

F]qungide is present in trace amoun.ts
__1c and rocks, but most prevalentin
insolls a0 . High ambient tem-
volcanic regions: & i .
erature, alkaline medium and low ca
cium concentration favor the conce‘n-
tration of fluoride in water (Tamm
A]emayeh'-l, 2000). Because of its be_n-
eficial effects on dental health anc.l ‘us
use as municipal water-supply adc_imve
in many cities fluoride isa cc.mshltuem
that has received much attention in re-
cent decades. Concentrations recom-
mended for optimum dental health are
close to 1 mg/l, but also vary slightly
depending on the temperature of the re-
gion (Freeze & Cherry, 1979). At
higher concentrations, however, mot-
tling of the teeth (fluorosis) and other
skeletal abnormalities are caused.
Sources of fluoride in groundwater
are minerals like calcium fluoride
(fluorite), apatite, certain amphiboles,
cryolite (in igneous rocks), and fluor-
spar (in sedimentary rocks). The weath-
ering of alkaline and siliceous igneous

rocks and sedimentary rocks supplies
fluoride to the aquatic environment and
groundwater usually contain higher

concentrations than surface waters. In [

general, the contribution is primarily

Table 7 Records of Iron of

groundwaler sources in the region

(Source: Water quality control team, 2004)
Location

Scheme lron
Type \(@4
1 Aleta Wondo | BH |l
from natural sources rather than from g L:‘!‘:;T | BH B0 |
. oba
man derived sources (UNESCO, | '& ] Masha Shinbo Y e ]lg‘;‘ “
1984). 5__| Chwko Lemela | oW 1167 \
Groundwater with more than lmgjl[ : % pam Twow  Yios ]
§ ; | Spring | 147 1
of fluoride are often found. Sometimes, | 8 Irﬂm&hm-zo 14sw  124-26 |
; 7 (K
F concentrations exceed 10 mg/l and ot xamiwi ‘|§\\: H—'_l’ ]‘
can reach more than 30 mg/l. These | 11 | Tebek E SW 12
- : . [12 [ Nabule/Konso ,—‘—'\_'jw :
high copcenuanf)ns tend to be asSOCi~ (371 GoreA Wonds o t 31: a
ated with a high pH (Freeze and |14 | Gurelebeto sw 26 |
Cherry, 1979). There are several poten- ‘l: llg':dsl‘\:m 1sw 124 1|
tial solubility ct_)ntrols that can limit the [ 17 | b 1| :::“n: ‘1 213 jl
dissolved-fluoride concentration in wa- L18 [Ashewalicho/Sodo zuria | SW 3 1

ter. It appears evident that high fluoride
concentrations are more likely to occur
in water that has low calcium concen-
tration (Hemn, 1985).

The rift valley waters are character-
ized by exceptionally high fluoride
concentration  (Tenalem  Ayenew,
1998). With in the re gionthe fluonde
concentration varies from non-detect-
able to 8.85 mg/l (table 6). The high
fluoride concentration in the borehole
and hot springs is due to low Ca content
and higher temperature, which favors
the solubility ‘of fluoride. High fluoride

is generally concentrated in the nift
floor.

Iron

Iron is widely distributed in the
earths crust. It occurs in minerals like
pyroxenes, amphiboles, biotite, magne-
tite and olivine. The common form of
iron in water is the soluble ferrous ion
Fe?*. Concentrations of iron in waters
are in the 1 to 10 mg/l range. When ex-
posed to the atmosphere, Fe?" is oxi-
dized to the ferric state, Fe**, which is
insoluble and precipitates as ferric hy-
droxide.

Iron is essential element in the me-

N | Zone Woreda Site Name Source Type [ Fluoride ]
- _ (mg/M
idama Awassa Zuria Dorebafana SW 2.49
2 | Gurage Mareko Koshe BH
3 | Wolayi i i T
: olayita Mt Woyide | Bilate Tobacco farm | Hot Spring 8.85
: Gamogofa Mirab Abaya Alge SwW 2.05
= gﬂhm Sankura Alem Gebeya BH 2.47
: outhOmo | Hamer Boria/Turmi SW 58
: ﬁhbu Sp. | Alaba Teffo BH 197
715 :l’:m Sp. ﬁgw Orombia Spring 2.15
\ M.Eyckoche Hot Spring 5.6

Table 6 Maxi j
axtmum records of fluoride of groundwater sources in the region

(Source: Water quality control team, 2004)
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tabolism of animals and plants. 1f
present in water in excessive amounts,
however, it forms red oxyhydroxide
precipitates that stain laundry and
plumbing fixtures and, therefore, is an
objectionable impurity in domestic and
industrial water supplies. Recom-
mended upper limit for iron in public
water supplies is 0.3 mg/l (Hem, 1985).
Iron is present in organic wastes
and in plant debris in soils, and the ac-
tivities in the biosphére may have a
strong influence on the occurrence of
iron in water. Microorganisms such as
thiobasilus ferroxidans are commeonly
involved in processes of oxidation and
reduction of iron, and some species
may use these reactions as energy
sources. Corrosion of well casings and
other pipe may also contribute iron to
groundwater.
As far as the concentration of iron
in the waters of Upper Gidabo River
catchment are concerned it reaches up
“to 3.4mg/l. When its range of concen-
trations in the different water bodies
(table 7) is evaluated the concentration
is generally high in the shallow aquifer
system (which is tapped by hand dug
wells). Observing its distribution the
concentration is higher in basaltic ter-
rains (Mursi and Tepi basalts) in
Selamago woreda, Masha and Tepi and
in the weathered zones of acidic volca-
nic rocks around Aleta Wondo, Awassa,
Wolayita, Durame and Konso.

7. Conclusion

The water resources of the region
are large and, to a very great extent, are

!
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under-utilised, for which there are a
pumber of reasons: physical, temporal,
spatial and economic. An accurate as-
sessment of this resource in terms of its
quantity, quality and variability in time
and space is essential so that its use can
be most effectively planned, developed
and implemented.

Generally to improve the propor-
tion of surface water sources for water
supply purpose at least in the highland
areas and where the human impact is
minimum by constructing filtration
system and simple chlorination the
small streams can be considered.

Water in which the constituents are
higher than the permissible concentra-
tions relative to the limiting values that
are laid down in national or interna-
tional guidelines for a given purpose is
termed anthropogenically polluted wa-
ter. Industrial wastes are one of the wa-
ter pollutants. And to assess the impact
of industries on the environment the
condition of the environment before
the intervention has to be clearly
known. Because natural waters unaf-
fected by man may contain constituents
that exceed the limits as defined; the
pollutions in these cases can be defined
by the values that exceed the natural
variation of the constituents concerned
in a specified water. From this context
it follows that the natural quality of
water bodies in a region must be known
beforehand, as so it can occasionally
happen that supposed human factors
are infact the result of natural condi-
tions. Presently 19 urban centres have
been selected to have industrial zones.
With this point the quality of the water
in the industrial area has to be known
before the intervention of the proposed
industries in the water systems of the
area.
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ceophysical exploration for Ground water in a
gedimentary Environment: A case study of
puried Channel streams as potential sources of
cround water In Wukro, Eastern Zone of Tigray

Regional State

Abstract

Paulos Beyene, Ethiopian Science &
Technology Commission, Addis Ababa

in objective of the geophysical survey was to locate well sites with good ground water potential of the
Thc main 0

surroun
600m

taken every 20m.

ding areas of the Wukro Tannery site.

hysical method used was electrical resistivity (Vertical electrical sounding and profiling). A total area of
co
Tflﬁeogmp(o_:;ﬁkmz) was covered by

the method. A base line of 0.6 km long is laid out parallel to the burried
3 lines each 600m long are cut perpendicular to the base line, with 300m profile interval and readings were
channel, 3 in

1 of 9 VES measurements were taken and a geoelectric section was produced from the VES’s with a
A total o f1:1,250. Based on the geophysical results, drilling was conducted on the area. The three drill holes
horizontal scale; ec; ch:;nncl streams and the wells in the area are yielding 10-13 litres/sec. Since buried stream
inlgxsected Ihe" u;;ntains water saturated sand and/or gravel which are good aquifers and potential sources of
Ehal= e )l,ﬁch acts as conduits for water flow. The depth to the water table is about 10m.
grontt wate'I—1\:wsical results were well correlated with drill holes and the local geology of the area. Low values of
The gcop- :ivil correlated with high yielding of the well and high values of resitivity correspond to the sandstone
T:lliatm::tvr:sgf) frmi Line 3N to Line 1N the pattern of the buried channel stream shifts towards South West and its

width decreases.

The use of the electrical resistivity method can be taken for ground water development program in the future to
help and locate more appropriate locations for drilling. Because of the presence of similar geological conditions the

electrical resistivity method is suc-
cessfully used to locate buried chan-
nel aquifers as potential sources of
ground water.

Introduction

Ground water is the earth’s largest
accessible store of freshwater that sus-
tains stream flow during period of dry
season and is a major source of water in
semi-arid and arid areas. It forms an in-
tegral part of the hydrological cycle and
is the only viable source of water sup-
ply to human use and development.

Wukro area is covered by sedimen-
tary rocks and unconsolidated materi-
als ranging in age from Mesozoic to re-
¢ent. Sandstone, limestone and shale
zii;edti‘?rt::edncti(::ﬁgzr::ilzncowéering the area
T . . § andstone and
e main source of

€ area and the search

gation of unconsolidated sediments.

Water 8(1) October 2004

The unconsolidated deposits of high
ground water resource potential exist
located mainly on a narrow and long
ancient river channel. Buried niver
channels usually contain sand and/or
gravel which are good aquifers. How-
ever as the buried channels have no sur-
face expression, techniques that would
assist to lacate and delineate them are
of utmost importance in the sitting of
high yielding, more successful bore-
holes and also in better understanding
of the hydrogeology of buried channel
streams.

A number of geophysical explora-
tion techniques are available which en-
ables an insight to be obtained rapidly
in the nature of water bearing layers.
These include: Electrical method, Elec-
tromagnetic, Seismic, Gravity, Mag-
netic, Gravity, Soil temperature and
geophysical borehole Logging. Of the
several Geophysical techniques, elec-
trical resistivity method are useful in
providing supplemental information

for location of burial sites (e.g., buried

channel streams, trenches, their depths .

and boundaries) and Hydrogeologic
conditions (e.g., depth to water table or
water bearing zones, depth to bedrock,
and thickness of soil, etc). The
resistivities of rocks are primarily a
function of porosity, salinity, and tem-
perature of the pore fluid because the
conducting medium is mainly water.
The importance of electrical method is
more because of complexity of the bur-
ied channel stream. The method has
been found to be cost effective, time
saving and simple.

In this regard, electrical method
was conducted in Wukro tannery, lo-
cated about Skm south West of Wukro
town, in the eastern zone of Tigray re-
gional state to delineate the extent and
trend of a buried channel stream and
also to evaluate the usefulness of the
method in such geological situations.
Accordingly, the field data was ac-
quired during the period 10 March to 8
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April 1996.

Geology ~f the Area

The study area, Wukro, is located in
the eastern zone of Tigray Regional
state. Geographically, it is located be-
tween longitude 39° 30° and 39° 45'E
and latitude 13° 47' to 14°N. It has an
area of about 0.36Km’ (Figure 1).

The study area is a flat lying sedi-
mentary  environment. The main
lithological units are limestone, sand-
stone and shale.

The limestone is outcropping all the
survey area and which 1s mostly cov-
ered by transported/residual soil. It is
apparently jointed and fractured on the
surface. It has variegated layers in
terms of texture and composition, but
big cavities and karst holes were not
observed. It is dissected by Genfel
River. The sandstone covers the north-
em and north western parts of Wukro
town. Especially it forms a big hill at
the western part. The shale is usually
found intercalated with limestone on
the survey area.

In one of the river cut, buried river
mouths were observed where stream
channels cut during an earlier time
were drowned or buried by latter sedi-
ments. The geophysical survey was
aimed to follow and delineate the pat-
tern and extent of the buried channel

ADDIS ABABA
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sites on the channel. Because buried
stream channels usually contains water
saturated sand and/or gravel which are
good aquifers and potential sources of
ground water which provide as con-
duits for water flow in the area.

Application of Geophysical
Methods for Ground Water

Investigation

General
Geophysics, in the past few years,

has reached a place of vital importance
to the scientific development and pro-
tection of the world’s precious ground
water supply. Geophysical investiga-
tions of the buried strata can be made
cither from the land surface or in a
drilled hole in the formation. The most
commonly geophysical Techniques ap-
plied for ground water investigations
are:

Electrical Resistivity

Magnetic

Electromagnetic

Seismic

Gravity

Soil Temperature

Borehole logging

Application of Electrical Resistivity
Methods for Ground water

400

(o) recommfégd/bboedradesMap of Wukro area

Investigati
The choice of a ;irg::lu

govemed by the nature of ¢, is
n'me and cost consideration, ,I'fhc'cmm,
rority of the Electrical p 87
method over others in the grou:dlshvl
research is confirmed by the wal
Pulawski and Kurth (1977) work
(1973) and Zohdy etal (1974) Zobdy
on the ability of the resistivity;],),:med
to furnish information on the sub:;d
face geology unobtainable by othc;
methods alOin ground water studjeg ]
is found the greatest applicatiop 1;
ground water because of its high.resy.
lution power in respect of particulg
problems encountered for ground w.
ter. The resistivities of rocks are prim.
rily a function of porosity, salinity, and
temperature of the pore fluids because
the conducting medium is mainly wa-
ter.

Some of the geophysical investigs-
tions that can be done by the electrical
resistivity method for ground water
studies are:

. Correlating lithology and drawig
geophysical sections.

. Bed rock profile for subsurface
studies

. Contact of geological formations

Delineating  buried channel

streams

« Fresh water-
constant separation profiling

- Water quality in shallow aquifers
and ground water pollution as in oil
field brine pollution, pollution by um-
gation waters and pollution by sea W&
ter intrusion, which cause change 1
electrical conductivity-

Two methods of investigation &°
¢ electrical

generally employed in the
sistivity method of traversing:

salt water interface by

Vertical electrical sounding (‘fﬂd
Vertical Electrical Sou”
for mapping of th
dipping boundarics; the P’:l codes
use a system of expad ole sepd
Increase in the curred! o ipe 4P
ration necessarily incred scfgfoﬁ the
of current penetratio®: 10
variations in resistivit/ c0 hlﬂ‘“n.s‘
the change in sub- ace ©
tics in a vertical [‘Jilaﬂc- l
ing metho L s
Pm‘?tlxlengelectrode s “’"m: :;d the
constant for different yalue
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f the electrode spread is
i ?om one station to another sta-
moved Lave the same constant clef:-
i arations. The method hc?lpg in
trode sP vertical or steeply dipping
mappl?i%ho]ogical contacts, faults, etc.
bed?';ling can be carried out along a se-
P‘m f parallel lines and a resistivity
ne;tgurpmap of the area showing
‘i:s(z)resislivity lines can be' prepared.
This will indicate areas of h}g??/low‘rc-
sistivity and will be useful in identify-
ing aquifer formations.

Vertical Electrical Sounding

Survey Procedures

Ground water survey starts from
data collection, interpretation of geo-
morphic and geologic features on avail-
able maps, aerial photographs and land
sat imagery followed by field recon-
naissance and furthcr map interpreta-
tion. The survey plan of Vertical Elec-
trical Sounding 15 going to be decided
after the hydrogeological conditions of
the investigated area. In any field study,
before setting up sounding apparatus,
the following points were considered to
minimize common interpretation er-
Tors.

* Relatively flat topography

* Spreading performed along the in-
ferred/interpreted geological structure
to the direction of sloping

Checking of survey apparatus

* Avoiding of buried surface mate-
rials such as cables, pipes, and high
voltage electric lines.

Data Processing and Presentation

For the resistivity profiling, the cur-
rent “I” of the transmitter and the volt-
age Vp of the receiver together with an
appropriate geometric factor are used
for calculating the apparent resistivity
of each station. Then the data are en-
tered into the computer and processed
in our case using Excel to produce the
apparent resistivity profiling curves,

For the VES survey, the apparent
resistivities are calculated and plotted on
a log-log paper at the spot for the pur-
pose of controlling the measurements,
and then these data are entered into the
computer for calculating the resistivity
and thickness of each layer, using the
RESIST software package. Then, inter-
pretation of the results is made.

The VES points are located in the
following Coordinates: Line 1N/00,
Line 1N/300E,

Line IN/600E, Line 2N/00, Line
2N/300E, Line 2N/600E, Line 3N/00,

Line3N/300E and Line 3N /600E (Fig-
ure 2)

Vertical Electrical Sounding

For the Vertical Electrical Sounding
(VES) survey the Schlumberger array
was used with a maximum electrode
separation AB/2 of 500m. 9 VES sites

w
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Fig.2 Location
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were surveyed by this array

The method is based on the injec-
tion of an electric current into the earth
by means of two current electrodes.
The potential differences, which are
created between these electrodes, are
measured at another pair of intermedi-
ate electrodes. By knowing the injected
current to the ground, potential differ-
ences at the measuring electrodes and a
display point determined by the ar-
rangement of electrodes enable us to
determine rock resistivities. These
resistivities can be related to subsur-
face rock types, water table, extent of
aquifer zone and outlining the bedrock
topography. It is obvious that the depth
of penetration increases with increas-
ing electrode spacing. Among a few
types of variable electrode distance
techniques, the schulumberger layout
was used in the survey area. The maxi-
mum current electrode separation used
was 500m.

Based on the interpretation of VES
data, a geoelectric sections were pro-
duced along Line IN, 2N, 3N and along
VES 2, VES 5 and VES 8 traverses.
Quantitative interpretations were done
on the VES data, yield a geoelectric sec-
tions. The geoelectric sections, the pro-
filing curves and VES results are inter-
preted and well correlated with each
other. Since the geoelectric section
made along Line IN, 2N and 3N have
no significant contribution for the map-
ping of the buried channel stream, the
sections neither are nor prepared for
presentation.

Based on the interpretations, the
geoelectric section made along VES 2,
VES 5 and VES 8 (Figure 3) traverses
shows five lithological units. The first
unit which is mapped as dry top soil has
a thickness of 0-3m with a resistivity
range of 145 to 223 Ohm-m. The sec-
ond unit, which is characterized by
relatively low resistivity of 100 to 153
Ohm-m and ranging in thickness from
3 to 8m, is due to water saturated clay
soil. The third unit, which is character-
ized by 153 to 400 Ohm-m and ranging
in thickness from 8 to 20m is due to the
response of the limestone umt The
fourth unit, which is characterized by
low resistivity value of 20 to 90 Ohm-m
and ranging in thickness from 020 to
23m on VES 2, 18 to 24m on VES 3
and 17 to 27 mon VES 8, is due to bur-
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ied channel stream. This unit, being
composed of medium to coarse sand
and fine gravel, forms the most impor-
tant water bearing unit in the area. The
bottom unit, which a resistivity value
ranges from 400 to 670 Ohm-m and in-
finite thickness is due to sandstone for-
mation.

Resistivity Profiling

The depth at which current enters a
formation of higher or lower resistivity
Is signaled by a change in the
resistivities recorded at the ground sur-
face. By proper interpretation of the re-
sistivity data from the field and com-
pared with VES result, it is possible to
identify the water bearing formations
and accordingly limit the depth of well

drilling.

For the resistivity profiling survey a
three pole array with electrode separa-
tions of a=40m, 80m and 120m was
used and readings were taken every
20m interval. The three electrode sepa-
rations were conducted on three lines
corresponding to three depth levels
chosen to show responses at near-sur-
face, intermediate and deeper depths of
investigation for the selected array.

The resistivity profiling curves of

figure 4, 5 and 6 show that, the low re-
sistivity zone is found between 300E to
340E on Line 3N, 300E to 320E on
Line 2N and 280E to 300E on Line 1N.
This zone is the response of the buried
channel stream. The resistivity values
caused by the buried channel stream
appear to be lower than the common re-
sistivity of rocks. This condition indi-
cates that, buried river channel usually
contains water saturated sand and/or
gravel which are good aquifers and po-
tential sources of ground water which
provides conduit for water flow. Most
of the area that is characterized by in-
termediate value of resistivity that
ranges from 100-300 Ohm-m is the re-
sponse of the combined effect of the
thinly intercalated shale with limestone
and high values of resistivity corre-
sponds to the sandstone unit.

Based on geophysical survey, three
drill sites were recommended and a
fourth one was also allocated in case if
the three wells give less yields than re-
quired. Accordingly, drilling was con-
ducted on the area; the three drill holes
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intersected the buried channel streams.
The aquifers are found to be confined
and the wells in the area are yielding 10
to 13 litres/sec.

The geophysical results are well
correlated with drill holes and the local
geology of the area. Low values of ap-
parent resistivity correlated with high
yielding of the well and high values of
resistivity correspond to the sandstone
unit. The pattern of the buried channel
streamn shifts towards south west, as we
go from line 3N to IN and its width
also decreases.

The geophysical results obtained
from the VES and profiling survey
have showed the effectiveness of the
method to map the different lithologies,
the buried channel stream and depth of
the bed rock.

Conclusion and

Recommendation

Itis important that well sites are cho-
sen principally on hydrological grounds.
One of the most essential steps for
ground water investigation is collection
of available data that expresses the sur-
rounding ground water conditions, but
In most cases of our country acquision
of well data is not adopted. The electri-
cal resistivity method and the corre-
sponding well data should be related so
as to produce a model that can best ex-
plain the situation, The geophysical re-
sults obtained from the VES and profil-
ing survey have showed the effective-
ness of the method to map the different
lithologies, the buried channel stream
and depth of the bed rock.

Of the several Geophysical Tech-
niques, Electrical resistivity method
which provides valuable information
necessary for the selection of appropri-
ate drill sites. The resistivity method
was delineated the limestone/shalc,
sandstone formations and the extent,
and pattern of the burjed stream chan-
nel. Based on the geophysical results,
three drill sites were recommended and
a fourth one was also allocated in case
if the three wells give less yields than
required. Accordingly, drilling was
conducted on the area, the three drill
holes intersected the buried channel
streams and Artesian wells were pro-
duced during drilling. The aquifers are
found to be confined and the wells in

the area are yieldin
) This study hag
tion on the depth
and thickness of d wy

stream channe] jp oq: i us bllried

yond other areag With the ¢
ronment. The methog Can be ty,
ground water development Pro

the fu.mre to help apd locate mg(;)rr
Propriate locatiopg for drilljp, cgp.
cau_se of the Presence of simjlag;: =
!oglcal conditions the electrica] meﬁ:o—
18 successfully useq to locate bun'Od
channel aquifers ag po d

45 potential soyyce, of
ground water. It is of course coylq not

be taken as an exhausted work and
should be developed by further study
on other geophysical methods s a5 1,
take as a model in other parts of gy

country.,
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0 ete,,mination Of Biological Oxygen Demand Rate
constant and Ultimate Biological Oxygen Demand for
Liquid Waste Generated from Student Cafeteria At

Jimma University: A Tool For Development Of Scientific
criteria To Protect Aquatic Health In The Region

Dr. Worku Legesse, Tadesse Kassie, Bishaw
Deboch,

Jimma University, P. O. Box 378, Jimma, Ethiopia.
Zeleke Alebachew,Gondar University, P.O. Box 196,

Abstract Gondar, Ethiopia.

BACKGROUND: Except Addis Ababa, all towns of Ethiopia discharge every form of liquid waste anywhere. This
wastewater ultimately enters to streams and rivers. Deficiencies of sanitary services and absence of regula'tion a'nd
scientific criteria for enforcement has presented an increasing environmental and public health haza.rds in major
towns of Ethiopia. The aim of this study was to determine the strength of Jimma University cafeteria waste and

ropose the need for scientific criteria and treatment options before discharging into water bodies.

METHODS: Liquid waste generated from student cafeteria at Jimma University was sampled from December -
March 2003 to determine Biological Oxygen Demand rate constant (k) and ultimate biological oxygen demand by
incubating samples at three different temperatures. Rate constant was determined following Thomas Method and the
potential impact of the waste on streams was evaluated.

RESULTS: The rate constant (k) determined at 3 three temperatures was of similar magnitude and the Ultimate
Biological Oxygen Demand was found to be under the category of a strong waste (1047.33 mg/L) capable of destroying the
self-purifying capacities of receiving water bodies. The rate constant (k) generated based on local samples and environ-
mental conditions can serve as feasible and reliable scientific criterion to optimize treatment facilities such as oxidation
ponds in the region.

CONCLUSION: Liquid wastes generated from Jimma University student cafeteria is found to be under the cat-
egory of strong waste that can degrade the quality of the Awetu-Gilgel Gibe river system and thereby limit its actual
and potential use. Determination of Biological Oxygen Demand and rate constant (k) for other sources and conse-

quent provision of wastewater treatment option is necessary to protect water resources downstream.
Keywords: Biological oxygen demand, rate constant, disolved oxygen, liquid waste.

Introduction

_ The disposal of wastes always con-
stituted a serious problem in the world.
With the development of urban areas, it
became necessary, from public health
and_ aesthetic considerations, to provide
drainage or sewer systems to carry such
Wastes away from the area (1). On dis-
53:?1 Ef Wastes surface water is obvi-
tionyo ighly spsceptiblc to contamina-
ants- D€ particular category of pollut-

eer;. OXYgen-demanding wastes, has
5 such Pervasive  surface-water
i W;I:; foectms both running and
. T demanding special attention

The 5. ioloo:
e (Bi) ga)yith:n:%gmal' Oxygen De-
est singl
Measure of ek, gle strength
€r or polluted wa-

w
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ter containing biodegradable wastes
and it is the best indicator of organic
water pollution. When organic waste is
discharged into water bodies with out
being stabilized, leads to depletion of
dissolved oxygen (DO) in the water
and limit water bodies’ ability to sup-
port desirable aquatic life (3,4).

The worst condition of pollution of
receiving water body occurs in dry sea-
son when stream flows low and water
temperature is high (5). This is because
when temperature increases solubility
of oxygen decrease and low flow rate
of stream reduce its capacity to dilute
the waste. Without considering the ef-
fect municipal and Industrial wastewa-
ters are largely being discharged with
out treatment in to the surface of re-
ceiving water body through out devel-

oping world (6). The problem of waste-
water is expected to be of great concern
in Ethiopia where adverse impacts have
been reported for rivers and streams
flowing through big towns (7,8). Deter-
mination of a single S-day BOD alone
does not permit calculation of ultimate
Biological Oxygen Demand (BODY¥)
and rate constant (k) as described in
Tebutt, 1992, Therefore, the advantage
of determination of BOD strength and
rate constant is apparent: It helps to op-
timize wastewater treatment facilities
such as oxidation pond and also serves
as scientific criteria to ensure compli-
ance.

imma University generates large
quantity of waste from v:u'im‘ls sources
mainly from student cafeteria ijtch.cn
and it is the one, which needs strict lig-
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uid waste management. The Cafeteria
waste is discharged into Kochi stream
without any form of treatment and en-
ters to Awetu stream and ultimately to
Gilgel Gibe river, which is the main
tributary of the River Gibe. Such waste
discharge without any form of treat-
ment not only becomes a potential
health hazard to the nearby communi-
ties, the waste may also upset the eco-
logical integrity of the River Awetu by
reducing the Dissolved Oxygen (DO)
downstream.

Materials And Methods

Study area: Jimma town has an al-
titude of 1760 m above sea level. The
average annual rainfall is 1749 mm
with a mean temperature ranging from
11.4°C to 26.7°C. The main campus of
Jimma University is located 3 Kms
away from the center of the Jimma
town on the road to Aba Jiffar Palace.
Routine sampling of waster water from
the main campus cafeteria that provides
food service for a total of 8000 students
was taken from December 2003 to
March 2004.

Study design: A cross sectional
study was conducted by taking samples
from the liquid waste generated by the
main campus cafeteria. Measurement
was taken during the dry period to as-
sess the maximum effect of pollutant
due to low flow rate of stream and less
solubility of oxygen in dry period.

Samples were collected using
tightly covered plastic bottle. To avoid
addition of oxygen from atmosphere,
sampling bottles were filled with the
sample with out leaving air space.

From cafeteria waste each sample
was collected at the first manhole,
which receives all, wastes those com-
ing in different line from the cafeteria.
Each sample was collected at different
time for each experiment carried out at
25°C, 30 °Cand 35 °C. Several pre tests
were carried out to estimate appropri-

ate dilution factor for the waste sample
to avoid total consumption oxygen be-
fore test period. Trials were done at,
5%, 4%, 3%, 1%... 0.17%. Finally suc-
cessful dilution factors were obtained
as 0.33% at 25°C and 0.17% at 30°C
and 35°C. In all cases, laboratory analy-
sis was made in less than 3hours after
samples were collected as described in
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the standard methods (1).

The Standard Methods for the Ex-
amination of Water and wastewater (1)
was followed in this study except
modifications made at incubation tem-
peratures. DO was determined by azide
modification of the Winkler method.
BOD determination was carried out us-
ing ordinary incubators. In the proce-
dure BOD, at 20°C was determined in-
directly due to lack of special BOD in-
cubator, which maintains the tempera-
ture at 20°C. The testes ware carried out
at 25°C, 30°C and 35°C using an ordi-
nary incubator. Water bath incubator
was employed to run the test at 25°C
since room temperature exceeded the
minimum temperature that can be ther-
mostatically controlled by the incuba-
tors during the test period. BOD; at
20°C was measured indirectly by com-
puting from the three test temperatures.

The detérmination of k and Ulti-
mate BOD at 25°C 30°C and 35°C was
carried out using Thomas method of
graphical determination of rate con-
stant and Ultimate Biological Oxygen
Demand (BODY) described in Tebutt
(9). Finally, statistical comparison be-
tween slopes was made following the
method given in Zar (14) after simpli-

fying the calculation using a Macro
Program written on Excel.

Results

OVer a period of three da U
mas fitting technique Ysat 25°C'Ih). 3

has bee,

determine rate constant gnq

to 8
BOD as shown inTable ] Asi “ltlnmc

proach was ygsed ¢ dopotin
above variable at the CleTiing
Temaip;
temperatures (30°C and 350C)
constants incubateq at thre L
tures (k,, k o
5, Jo_kgs)were found
0.34d", and 0.284"
table 2) Similarly, the
cal Oxygen Demand
ferent temperatures was fo
und ¢

1076.55, 1047.33 and 1176 49 inogh:
9rd_cr and is presented in Table 2. §.
tistical test between the slopes for the
three temperatures showed no signifi
cant variation.

Rate constant (k) and ultimate BOD
(L) determined using graphical deter
mination melho-d by plotting the graph
(¢ BOD))"” against time (1) is shownin
Fig.1. All the three plots essentially
have a similar pattern of increase with
time and the difference between slopes
is not statistically significant thos o
p>0.05

(Table 2). In order to compare theK
values at the three temperatures deier
mined in this study with typical valie
in literature, conversion was m?lde o
k,, and is shown in Table 2. Relhatlvel}'
highest value was recorded for incuba-
tion temperature at 25°C, the mwcﬁ‘:g
ing for incubation temperaturé at35t

Tespectively (see'

determined 4 dife

s _ imma
Table 1. Determination of (t/BOD )" from liquid waster generaledf"’”'zj;a"(",
University main campus student cafeteria at incubation temperature of %,

December 2002- March 2003

Day | (VBODQ™ | (Xi~Xrewn) | (i X' | (i~ Ymeaa) | Or¥oem)

) ¥ xck
0.5 | 00993927 | <125 1.5625 | -0.0254214 | 0.0317767
1.0 0.1141191 | -0.75 0.5625 -0.010695_| 0.0080212 |
1.5 0.1225353 025 0.0625 | -0.0022788_| 0.0005697
20 | 0.1307834 0.25 0.0625 | 0.0059693 | 0.0014923
25 | 0.1376898 0.75 0.5625 | 0.0128757 0-009655'7
3.0 0.1443646 1.25 1.5625 0.0195505 | 0.24438

. r ligul
Table 2. Determination of slope, rate constant and ultimate BODfo

rigaffif 3
waste generated from Jimma University main campus student cafete |
incubation temperatures, December 2002-March 2003 ¥C A1

Parameter/temperature 25°C 30C__ SOITEA |
Slope (b) 0.0173611 0.0181485_1 —oipalid
Standard error 0.0009381 O.OM%‘ M
to0:@)ro p>0.5(p=0.57) | p>02p=027) 1 Frgemiéig =
Intercept (a) 00944320 | 0.08%4672_ =77 7l
k (rate constant) &7 0.38 03 oAl
kzo (converted to 20°C) 0.3807691 _Ml‘%-—— 16—
Ultimate BOD (BODw) 107655 | 111282 1
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Discussion

As presented in the result section of
his study, the main campus T
cafeteria ultimate BOD 1s considerably
high. Sandy Carencro’s stated that raw
sewage that has greater than 750mg/L
of BODS is very strong waste (11).
EPA put maximum allowable BOD, ef-
fluent standard to dispose waste in to
water body to be 30mg/L (6)- This indi-
cates that Jimma University main cam-
pus cafeteria wastewater nceds sub-
stantial wastewater treatment to reduce
BOD if compliance with EPA effluent
criteria is a strict requirement.

As stated in the literatures (11, 12)
typical k,, values of raw sewage ranges
from 0.15 to 0.3d". This indicates that
k,, value of the cafeteria waste mea-
sured at 25 and 30°C were somewhat
_greavter than the typical values reported
mohteraturc. On the other hand k at
35°C, was observed to fall with in the
":’:hge reported by other workers. Nev-
:lopzlsesj\;a:arrlxsttion in elevation of the
suggesting that Matistically supported
o 1t 1s possible to obtain

parable BOD data at te
other than the standard i mpleratuxes
Perature, j.e 20"8 E’lrr'h incubation tem-
teading ot 35C in this sungy i
Within the rap in this study falls
(13), ge reported in literature

Th
this incu?:n?rc two advantages in using
sults On temperature: First]

are relative] : % e

= vely quickly obtained
350(:"21:‘!11;:, Incubating sarmples a;
S only 2
Al > Only 2 and half da
i :: qu incubation at 20‘%S
quires 5 days. Secondly, thé

wa
*er 8(1) October 9004

provision of special BOD incubators,

which are expensive and unavailable in

developing countries such as Ethiopia,

could be avoided using ordinary incu-

bator. Maintaining incubation tempera- ‘
ture at 20°C where room temperature

usually exceeds 20°C for most of the

year may represent a major setback to

determine BOD of water samples if
routine national water quality monitor-

ing is initiated.

To our knowledge, no attempt of
determination of k and ultimate BOD
has been made for liquid waste in
Ethiopia making it is difficult to com-
pare our findings with national figures.
In literature, typical ultimate BOD val-
ues for a strong waste is about 250mg/L
(5, 12) suggesting that the cafetenia
wastewater generated from Jimma Uni-
versity main campus student cafeteria
is a very strong waste prompting to a
need for treatment of wastes before dis-
charging to the nearby running water-
courses. Postponing taking action may
translate to a substantial economic loss
for this strong BOD waste may upset
the ecological integrity of the Gilgel
Gibe River, which is much valued as a
source of drinking water supply and
hydroelectric power generation in the
region.

Conclusion and

Recommendation

With the present trend of increase n
the annual intake of students by Jimma
University, the number of accommoda-
tion and lounge facilities required to
serve the student population 1s ex-
pected to rise and so does liquid waster
generation. This preliminary study on
liquid waste generated from main cam-
pus student cafeteria suggests that the
waste is very strong and a treatment
system that can achieve about 97%
BOD removal efficiency is required to
meet EPA effluent standards. There-
fore, it is recommended that the amount
and strength of all wastewater gener-
ated from Jimma University should be
determined and treated before dis-
charging in to a water body. Taking
cost and climatic conditions as selec-
tion criteria, construction of waste
stabilisation ponds appears one viable
option.
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Determination of the Optimum Furrow

Length and Inflow Rate Gombination apq
Sensitivity Analysis for Furrow Irrigatiop
at Metahara Sugar Estate

Abstract

L. B. Roy Arba Minch Universigy

This study was conducted at Metahara Sugar Estate on sugarcane crop to determine the best furrow length ang
inflow rate combination and to analyse the relative sensitivity of performance parameters to furrow length and infloy
rate changes.

Non-erosive inflow rates of 2, 3, 4 and 5 s were selected as treatments to be applied on 50 and 100 mlong furrows,
A gross of 134 mm depth of water was applied on all the eight treatment combinations with a pre calculated cut-off
time. Each treatment had three furrows. The advance, recession and cut-off times, and inflow rates were measured in
situ. Results of the study indicated that the best performance was obtained at a furrow length of 100 m and

3 U s inflow rate. In all performance parameters the 100 m long furrows outperformed that of the 50 m long
furrows. Thus it is to the advantage of Metahara Sugar Estate to verify the best performing inflow rate and furrow
length combinations. The result also indicates the potentials of increasing the furrow length beyond 100 m. With
respect to sensitivity, application efficiency and uniformity coefficient were found relatively sensitive to furrow length
than that of inflow rate. On the contrary, the storage efficiency was found more sensitive to the inflow rate than the

Habib Dilsebo, Wonji, P, 0, p,, 15

furrow length.

Key wordsSensitivity analysis, In-
flow rate, furrow length, perfor-
mance parameters, cut off time

1.Introduction

Irrigation has played a major role in
enhancing agricultural production over
the past fifty years. The progress of irri-
gated agriculture around the world has
increased from 8§ Mha in 1800 to 275
Mha in 2003 (Jensen et al, 1990;
IPTRID, 2003).

Surface irrigation is the most
widely used irrigation method in the
world, but its irrigation efficiency is
usually below 40-60 % (Kruse and
Heermann, 1977). However, theoreti-
cally designed surface imigation sys-

tems achieve an application efficiency
of 70- 85 % (Merriam and Keller,
1978).

The performance of surface irriga-
tion event can fully be evaluated from
three different but complementary per-
spectives: efficiency, adequacy and
uniformity. Efficiency measures how
efficient an irrigation event is in mini-
mizing unavoidable losses. On the
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other hand, adequacy of irmigation de-
pends on how much water is stored
within the crop root zone, losses perco-
lating below the root zone and losses
occurring as surface runoff. Uniformity
is a measure of the degree of spatial
evenness of the applied water.

The key point in the appraisal and
evaluation of existing irrigation
schemes is to check for the water appli-
cation pattern upon which remaining
parts of the distribution system depend.
Moreover, it is necessary to understand
which of the decision parameters play a
vital role in affecting the irrigation per-
formance. The decision variables in
surface irrigation are the field dimen-
sions (length and width), the flow rate

cut off time (Jurriens et. al,, 2001).

Ethiopia has 110 billion m’ ofsyr-
face water with an irrigation potentil
of 3-5 M ha. However, a report _b)’
Acres International Limited (1995) 1%
dicates that, in Ethiopia the sl?arc.of tb
real production through imgation 18
only 3 %. Y

Among the huge 1§
Ethiopia, Metahara sugat
leading with 10, 000 ha ©
sugarcane. Metahara Sugar Estat
cated at about 190 km on the
Ababa — Asab main road and o
the South of Metahara town- : Zgl'ﬂl“
has an elevation, latitude 30‘;0‘;2'E35L
0f950 m, 8° 53' North and 3 ot

respectively. The mean *C 11

ated farms 10

Estate is the
f imigaled
e is lo-

and the cut-off time. Hence the main  of the region are given Jantatio®
design consideration in surface irriga- Metahara suga.rcﬂﬂc P eriod sioeé
tion is usually the appropriate combina-  been established 10 . E g wild?
tion of field dimensions, flow rate and 1966 in 5600 ha sugarcan
Table I.1: Mean climatic data of Metahara Sugar Estate T
MeanT (°C) RH (%) Ralnfall | Wind speed i (mr-’“”
(@) | Qanbr) 0
Mx [ Min | Max | Min Day | Night 3]
35 181 88 [356 [e152 |37 |11 |34 :




a. Currenl
gated sugarcan¢ area is about 10,000

pa. Because of the dry climate, irrga-
ﬁo.n ; pecessary for a period of about
hs (DHV, 1983). The sources

10 mont —
gation are two diversion

of water for irri i
ites, the flow of which 1s regu-

¢ upstream Koka dam con-
structed across the Awash River. Grav-
ity irrigation i used lfor about 85 % gf
the area and the remaining 15 % area 1s
irrigated using pumps 10 lift the water
to the reservoirs. [rrigation is executed
using siphons, which deliver water toa
100 m long furrows, 1.45 m wide fur-
ow spacing and 0.05 % furrow slope.
Though there is no textural soil
classification the soils of Metahara
were classified for the purpose of irn-
gation interval determination. Accord-
ingly, six soil classes were identified
ie., Class 1, 2, 3,4,5 and 6. Classes 1
and 2 are referred to as light, classes 3
and 4 as medium and classes 5 and 6 as
heavy textured soils APECS (1987).
Water  application  system at
Metahara was rarely studied in a com-
prehensive manner to artive at better
water application practice. As a result
soil salinity and rise of water table are
progressively becoming onc of the
bottlenecks of sugarcane cultivation in
the Estate. On the other hand, there 1s @
water shortage when the amount of wa-
ter released from Koka dam is reduced
during low flow periods of May and
June.
~ The irigation performance of some
irrigated farms conducted 1n Ethiopia
so far is low (Tessema, 1986; Halcrew
1989; Kassa 2001). Similar inefficient
irrigation is true in Metahara Sugar Es-
tate with an average application effi-
ciency of 45 % for a closed furrow irTi-
gation system (Habib, 2004). More-
::;_r’ the irrig‘ati_on water application is
thejiifj;ed to irrigation labourers. Thus
nilow rate, cut-off time, depth of
application and in turn the irrigation
zeo;foll';gznu:e is deper-ldent on the in‘iga.
mentioned (::(;bllle]nrslew o'f Ll
Bt it a trial was con-
tivies: ollowing major objec-
furr-owT? determine the most efficient
tion; ength and inflow rate combina-

-To analyse the relative sensitivity of

welr
Jated from th

w
ater 8(1) October 2004

performance paramete
_ 1s to the chan
in furrow length and inflow rate. ¥

2. Methodology

Me:\:;sra ;?dy was conducted at

gar Estate for four months
(March through June 2004). First ra-
toon sugarcane of age 4.5 months
£rown on _clay loam soil was selected as
an experimental field. Soil samples
were collected for the determination of
soil physico - chemical properties at 7
representative locations to a depth of 0-
30, 30-60 and 60-90 cm. The allowable
management depletion of sugarcane
varied from 0.55 (Rao, 1990) to 0.65
(FAO, 1979).

Input parameters such as advance
and recession times Were measured at
every 10 m interval along the furrows.
Similarly cut-off time, inflow rate and
furrow geometry were recorded in situ.
The depth of water required to refill the
soil reservoir to its field capacity was
worked out from the readily available
p root depth. In-
f the soil under
2.93 and b=0.73

water content and cro
filtration constants ©
consideration was a=
(Habib, 2004).
2.1 Determination of Performance
Parameters
2.1.1 Application efficiency (E,)
was calculated as the depth added to
the target zone (D) divided by the ap-
), Hart et. al (1980) as:

1.4 Christiansen’
; en’s i i
coefficient (UC), it is deﬁntgl:s’rm i

ve=100- 100+ 2 Dal
nD,

(-

24

D= I?epth of water applied at a
given station along a furrow (mm)

D, = Average infiltrated depth
(mm)

n= Number of points along a fur-
row

For n points along the length of the
field, uniformity coefficient gives the
average of all differences between the
infiltrated depths and the average
depth.

Furrow lengths of 50 and 100 m
were selected for the experiment. Fur-
row length at Wonji/ Shoa Sugar Estate
is 32 m for light, 48 m for medium and
64 m for heavy {extured soils. Thus, the
50 m long furrow represents the furrow
condition at Wonji/ Shoa Sugar Estate
and 100 m represents that at Metahara.
Morcover, the twe Sugar Estates have
the same furrow spacing.

The maximum non-erosive inflow
rate (Q, Us ) was Jetermined as a func-
tion of furrow slope (S, %) using an
empirical formula of the form:

0.63

e for each inflow

plied depth (D, o s
D 1k rate and furrow length was calculated
"D 108 (2.1) using equation 2.6 3S:
a
: x ¥
2.1.2 Deep percolation aatio Z*L w -
(DPR) was calculated as 2 ratio of the P ""6 0"*"Q
deep percolation loss (de) to the ap-
plied water (D,) as:
D,
»_+* 100
= '_—-‘—— -
DPR D 2 (2.2) Table 2.1 Treatment combinaj!r;ns ,gof
i i an
tticiency (E): some the sensitivity exper; '”"’;‘;{‘Zaham
2.1 k_n?, Swragi;ulirement efficiency 100 m furrow engths a
1 wn as s
e eslalted 057 1 Ly d-e'rﬁ%gfr.g“aﬁ:r b
fined by Hart et 2 (1980) 2s the ratio] "0 | g | o o | 1 |
ined by D) and the w | @ @ | @ L
petween the storage dcp . et . o p
ired depth (D ) as: 50 1 ” iy
required d¢p - cul . =
E] 3 ___‘_,___,-,.-—-'u
’;.T"‘T""Tl"__ w | -
F = __...--—'D’ * lm ) so_,__-—i._—-—’j 5 | 1% 3
g D =g __,,--J_—-"'
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Where
t_= Cutoff Time (min);
Depth of Water Applied (mm)
L = Furrow Length (m) ; W = Fur-
row Spacing (m)
Q = Inflow Rate (I/s)

Z

Irrigation was started by siphoning
water to each of the furrows. Stakes
were fixed at every 10 m along a furrow
to 50 or 100 m depending on the se-
lected furrow length for the measure-
ment of advance and recession times.
2.2 Sensitivity Analysis

A relative sensitivity analysis was

carried out to determine whether the
furrow length or inflow rate affect the
adequacy, uniformity and efficiency of
irrigation. This was done by comparing
the ratio of change of performance in-
dicators (i.e., application efficiency,
uniformity coefficient, and storage effi-
ciency) for the same percentage change
of furrow length and inflow rate using
equation 2.7. Accordingly, a 100 % in-
crement was made on the furrow length
(1.e.,from 50 to 100 m) and inflow rates
(i.e.,from 2 to 4 Us).

27N
Change of performare

Sensitiviy =
Changeofinputparameter

LUC 1C1aUVE LHalBEE vl appalCation
efficiency, uniformity coefficient and
storage efficiency was worked out for
a 100 % increase of furrow length at
constant inflow rate. Similar exercise
was performed for 100 % increase of
inflow rate at a constant furrow length.

3. Results And Discussion

3.1 Performance Parameters
3.1.1 Application Efficiency
For 50 m long furrows the maxi-
mum application efficiency of 74.7 %
was obtained for an inflow rate of 3 U/s
while the minimum was 73 % for 5 Us
inflow rate and the average is 74.1 %
(Table 3.1). In general, the application
efficiency obtained so far is satisfac-
tory. James (1994) had estimated that
the application efficiency at Metahara,
which is about 75 %. Roughly the same
application efficiency of 73 % was pre-
sented in a report by DHV (1983). Re-
sults of this study also validated the
above efficiency figures.

In the case of 100 m long furrows
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Figure 3.1: Application efficiency of
134 mm application depth as affected
by furrow length and inflow rate

Table 3.1: Performance parameters of
a 50 m furrow length as affected by
different inflow rates at |34 mm
application depth

\ln‘ﬁw rate (Us) | Performanco paramsters (%)
L [ A |uc [es [DPR
\i 745 ] 80 | 984 |255
L:s 747 |81 |o7 |253
Lt 74 |76 |os |26
\i 73 | 7109 |57 |27

AE= Application efficiency

UC= Uniformity coeflicient
Es= Storage efficiency

DPR= Deep percolation ratio

the highest application efficiency of
77.8 % was obtained for an inflow rate
of 3 Vs while the minimum of 74 % was
found for 5 Us inflow rate, with an aver-
age of 76.2 % (Table 3.2).

The application efficiency was
found better in 100 m (76.2 %) than that
in 50 m(74.1 %) long furrow for all in-
flow rates (Figure 3.1, Tables 3.1 and
3.2). Moreover, for both the furrow
lengths the maximum application effi-
ciency occurred at an inflow rate of 3 Us,
3.1.2 Uniformity Coefficient

Table 3.2: Performance parameters of
a 100 m furrow length as affected by
different inflow rates at 134 mm

application depthA
Inflow rate
(Vs) Performance parametars (%)
AE UC | Es DPR
2 T4 | 842 | 992 | 226
3 TAT | 845 | 995 | 222
4 74 |02 (974 | 245
5 K] 759 |95 |28
Average | 762 | 812 | o84 | 238
S e . oy
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Figure 3.2: Uniformity coefficient of
Jurrow irrigation as affected by furrow
length and inflow rate
% (Table 3.2). The uniformity coefli
cient was found increasing from 84.2to
84.5 for 2 to 3 U/s changes of inflow rate
then decrcased linearly with an I
creased inflow rate from 3 to 5 s
(Table 3.2 and Figure 3.2). A
The average uniformity coefficient
was superior in 100 m (812 %) ‘ha‘”;
50 m (77 %) long furrows (Figure 3
Tables 3.1 and 3.2). Similarly, lhe;“:n
formity coefficient excelled in 10 i
than that in S0 m furrow length forea
of the inflow rates considered

3.1.3 Storage Efficiency
For 50 m long furrows
storage efficiency was achie i
the inflow rates, with an averag it
of 96.7 %. The maximu® 3;84
mum storage efficiency of e
95.7 % was found at inflo¥ )T
and 5 Us, respectively ("l'ﬁb(;"aa'sﬁ1 fi
storage efficiency Was degwrat‘ o
early by increasing the
2 to 5 /s (Table 3.1)_. e m,mdf
No much variation : pant® o
in the storage efficiency o vsin(bﬁ'
the inflow rate betwee?
case of 100 mblon%mv
was explained by 2 X
9%. Though tl}t: dlﬁ::z;mt fo e
considerable it ca? x - i
3.2 that a raximum 20

] satisfacmry
ved for 8

ity cofs,

e




and 97.4 %o were ob-

g S

cﬁqc;cné:e tes of 3 and 4 Us, re-
ram@vel * verage value 1S 98.4 %
spec?

105 n/‘_’-'——‘
% gu ‘//
)
& 8]
@ o

8 2 3 4 S 6

’ Inflow rate (Is)
_‘-—somlurrowmngm _a— 100 m furrow length
Figure 3.3: Storage gfficiency of furro
aﬁaed By furrow length and inflow rate
Generally, jrrigation
ximize the appl
d toa storage efn-
5 - 100 %. ThUS Cl” (he n-
€ successful in delivering
fficiency of more than

w irrigation s

water 15 ap-
ication effi-

flow rates wer
a sound storage €

95 %.

It is apparent from Tables 3.1 and

1.2 that for both 50 and 100 m furrow
Yy was

lengths good storage clficienc

achieved. The averag
ciency was 98.4 % for
9% for 50 m. gimilar to the other parani-
eters the storage efficiency was found
better in 100 m than for 50 m for every
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inflow rate consider :
ed
Tables 3.1 and 3.2). (Figure 33,

3.2 Sensitivity Analysis

The application efficiency was found
to be more sensitive to variations in furrow
length than inflow rate. It was increased b
2.9 % by doubling the furrow length frorz;
50 to 100 m while keeping the inflow rate
constant (Tables 3.32 and 3.3b). However,
o7 the same 100 % increment in inflow
rate (2 to 4 I/s) and keeping the furrow
length constant, the average reduction in
application efficiency was only 1.6 %.

The uniformity coefficient was
found more responsive to the changes of
furrow length than the changes of in-
flow rate. Keeping the inflow rate con-
stant and doubling the furrow length

from S0 to 100 m there was a 5.1 % aver-

age increase in uniformity coefficient.

However, for the same percent in-
crease of inflow rate the average reduc-
tion of uniformity coefficient was 49 %
(Table 3.3a). The uniformity coefTicient
showed the same wend as in the applica-
tion efficiency. It was sensifive to furrow
length than inflow rate and the value in-
crcascd by increasing the furow length
and reduced by increasing inflow rate.

The result also reveals that the effect
of doubling furrow Jength from 50 to
100 m improved the storag€ efficiency
by 1.1 % but doubling the inflow rate
from2to4 /s decreased the same by 2.1
o5, Hence, unlike the application © 1-

nd uniformity coefficient the
fficiency Was more sensitive 10
furrow length.

storage ¢
y rate than the
at

nomic
and Wonji Sugar
pility of increasing
for Wonji Shoa Sugar Estate.

4. Conclusions And

Recommendations

1. The best performance was found
and 3 Us inflow

Gener at ed
by CanfScanner fromintsig
.com

'-};1::‘20 m furrow length; therefore, the
is advised to adhere to the
Pfeszen}; 15(1)1(1) m long furrows.
. Results of this study i

sibility of extending ﬁnz';?np ;:nt;?g:
yond 100 m. In addition, increased fu:-
row lengths are advantageous from the
farm mechanical operation point of view.

_ 3. Application efficiency and unifor:
mity coefficient were found more sensitive
to furrow length than the inflow rate. Onthe
contrary, the storage efficiency was more
sensitive to the inflow rate than the furrow
lcngth. All the performance parameters
improved by doubling the furrow length but
decreased by doubling the inflow rate.

4. Further study need to be conducted
to verify the results obtained so far in-
cluding a furrow length more than 100 m
and with a wider range of soil types-
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Effect of Coffee Processing on
Physicochemical and Biological Quality ;
Malawo Stream:Aleta Wondo, Sidamg

Southern Ethiopia g, Ly

Bishaw Deboch & Gebi Kurpy,
Jimma University PO.Box 709”0

Abstract

Sidamo, the major coffee producer region in Ethiopia has a number of small-scale coffee Pulping industries.
effluent of which, when discharged in to water body, disturbs the aquatic aerobic life by causing oxygen de 1le§,th¢

A longitudinal pollution status assessment has been carried out on Malawo stfeam from January 26 t, Pge;t:zl
21* 2003 in Aleta Wondo, at seven sampling stations with in total length of 18 km and analyzed in SNNPRS (Southery
Nations and Nationalities People’s Regional State) Research Laboratory center following standard procedures,

The results of physicochemical parameters indicated station ‘D’ to be relatively polluted station having the mi;.
mum DO of 4.5mg/l and pH of 5.0 and maximum concentration of 15.4mg/L BODS‘ 69.73mg/L NOJ' 1.25mg/L
and 1.925mg/L PO which attributes the indiscriminate disposal of town wastes. The macroinvertebrate data alsp
show a similar trend with physicochemical parameters in separating site ‘D’ as the polluted station. However the
progressive variation in physicochemical parameters and the diversity indices showed the impact of coffee processing
on the stream.

From the results of the study, it is possible to conclude that the stream Malawo is suffering from coffee pulpery
effluents and the indiscriminate discharge of town wastes. Therefore appropriate intervention strategies should be
done by the owners of the coffee pulpery industries and the municipality to tackle further deterioration of the stream
and concerned governmental organizations should monitor and control such industries and devise cleaner processing

technologies.

Key words/Phrases: Sidama, Aleta Wondo, Coffee processing, Macroinvertebrates, Physicochemical parameters.

Introduction

Water is a commodity with out
which life on earth would be impos-
sible. Its availability alone is not suffi-
cient to sustain life; its quality is also of
paramount importance. It has been re-
ported that about 80% of all infections
in the world are associated with unsafe
water (/RC, 1983). In Ethiopia, more
than 87% of the total population lives
in rural areas. Out of these only 19.9%
get accesses to safe water, with the re-
maining 80.1% drawing their water
supplies from unprotected sources such
as streams, rivers, ponds, wells etc. (1).
Apparently, water from such sources
has a large chance of being contami-
nated with faecal matter, industrial
wastes, agricultural chemicals and mis-
managed land use.

When biodegradable waste is dis-
charged in to water body, it disturbs the
aquatic aerobic life by causing oxygen
depletion. Surface water as an aquatic
ecosystem contains a wide range of
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animals, which react differently to dif-
ferent conditions. The presence or ab-
sence of specific organisms can be used
to detect changes, which are occurring
or may have occurred recently in the
environment where they live (2).

The basic principle underlying the
methodology is that where biotic diver-
sity is high, the river is in a relatively
healthy biological and chemical state,
integrating and or supplementing
physicochemical analysis with such
biological study can give best and reli-
able characteristics of the water body.

Different literatures utilize these
physicochemical parameters to evalu-
ate the pollution status of surface wa-
ters and found significant correlations
to pollution (3, 4, and 5). Therefore,
carrying out such similar study in
Malawo Stream using
macroinvertebrates and other physico-
chemical parameters is of great help in
assessing the pollutional effect of cof-
Jee effluents that directly out fall in to
streams.

Coffee is the most widely cor-
sumed beverage in the world, and lS
believed  being  discovered I
Abyssinia, now Ethiopia. Sidamo, the
major coffee producer region in Ethio-
pia, has a number of small-scale coffee
pulping industries situated along the
banks of rivers and/or streams fﬁlﬂs'
ing their effluents in the majorify ®
cases without any treatment il

Malawo is one of such stre®
receive effluents ﬁom ; SIX :;in'
pulping industries in additon '°d_ 4
discriminate disposal of solid an U
wastes from residents of _Alm L5
town and runoff from agricult® edid
According to a case study o 10
Costa Rica, coffee productlol;J -
different cnvironm‘?"ml P ri polfune®
major problem being "‘fcm et
4579 of the coffee bean Ij’.:cardeddr
contaminants which whenn rivers and
stroy fauna in streams g
harm people”. ('6)' .4 and wilh“"r

Bearing this in ™ nate 0

0
estimated population B

Octobe’
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per annum, the anthropo-
genic pressure on_aquatic ecosystem is
likely to increase in Ethiopia that has a
Sigm'ﬁcant correlation .to- human 'hea]th.
With so many overriding socio-eco-
nomic constraints to be resolved, the
country cannot afford the luxury of pol-
lute first-clean-later scenario of the de-
veloped nations and the government
should start to address the far-reaching
consequences of polluting the already
scarce fresh water ecosystems.

Little research work exists to quan-
tify the nature of man-made distur-
bances in aquatic systems in Ethiopia.
This paper there fore presents a prelimi-
nary study on factors influencing the
quality of streams crossing coffee
pulping industries and can give rel-
evant clues of pollution indicating pa-
rameters. It also may help to predict the
extent of stream pollution in Sidama as
the growing mvestment on coffee pro-
cessing Increases; therefore 1t will be
possible to take appropriate actions be-
fore hand. Besides and above all 1t may
initiate integrated approach to tackle
pollution issues and provoke further
studies at national level, which may
produce useful data.

about 3%

Methods And Materials

Samples for physical and chemical
analysis were collected following stan-
dard procedures recommended by
‘Standard Methods’ (7, 8), and were
analyzed in SNNPRS regional labora-
tory (water laboratory unit) in collabo-
ration with the regional water, mines
and energy resource authority water
quality laboratory unit. NH,, NOy’ and
PO, were determined by direct spec-
trophotometry (HACH-Dr/ 2000 spec-
trophotometer). A ‘check-temp’ digital
water thermometer and standard pH
measuring kit (model NPL LAmotte)
were used for onsite determination of
temperature and pH

DO was determined by the azide-
modification of the Winkler’s titration
method while BODy(), was analyzed
by determining DO content of the
Sample before and after two and half
days incubation at 35°C which gives
the same results with BOD, measure-
?;;ms incubated for five days at 20°C

Macroinvertebrates were also col-
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NB. All uniis except temperature and pH are in mg/l.

CV: Coefficients of variations

lected using 153-micron Wagtech field-
master plankton net (Cat no 7000-B20)
with a diameter of 130mm, based on
standard books referenced above. After
the invertebrates were sorted from the
substrates, they were preserved with
2.5% formalin and transported to
Jimma  University ~ environmental
health laboratory for further identifica-

tion of organisms in to their respective
orders based on the criteria recom-
mended in standard methods (10). A
binocular dissecting microscope of 10
and 20-magnification power was used
to group the invertebrates in to their or-

ders.
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Finally the diversity indic?s were
computed based on the following for-
mula (10).

ne
Simpson index = 1/ D, where,D= Z[;Vié,_—)l)

n = no of individuals in the i* taxon

I‘i = total no of macroinvertebrates col-

lected at the site W

Shannon winner index, 7 =_ZE!'“ v

; 1-x
Alpha log series, GA—I(——);
X

where S= total number of species,

N = total number of individuals in the
sample, and x is estimated by itera-

tion using the following equation

SIN= Klix’iﬂ i (1-x))

_Results And Discussion

Physico- Chemical Parameters

A.Temperature: No significant varia-
tion has been observed in temperature;
CV 2.8%; ie. 22°C — 22.6°C; except
station ‘C’ which measures 24°C. This
slight increase observed at station ‘C’
may be attributed to the unique charac-
teristics of the station in which the
banks of the stream segment lacks mar-
ginal plants that may form a shade to
the water body, and also the shallow-
ness of the depth in connection with its
relative slow flow could have contrib-
uted for the relative rise of the tempera-
ture. The difference in daytime tem-
perature due to sampling time varia-
tions was minimized by adjusting the
sampling organization and as such no
significant variation was observed due
to this fact through out the sampling
stations.
B. pH: The hydrogen ion concentra-
tion analysis shows a slight decrement
from station ‘A’ to ‘D’ and again raised
in going further down stream to station
‘F’and *G’. In the former case the high-
est pH recorded was 7.0 at station ‘A’
where the site is up stream of all sta-
tions in which no point source organic
pollutant was observed; while coming
down to station ‘D’ the pH progres-
sively reduced to 5.0 which may be due
to the organic waste discharged from
the coffee pulpery especially at station
‘B’ and ‘C’ and the waste from Aleta
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Wondo town where up on the stream
receives as it crosses the town in par-
ticular to station ‘D’. This finding
agrees with different studies (11, 12,
and 3); For example: the study done on
Awetu stream, Jimma by Dejene H. and
another study done in Kenya on
Ruiruaka river, showed low pH at
points where the river system received
most of the town wastes. The slight
decrease in pH value indicates the ac-
tive decomposition of organic matter.
As the organic wastes oxidize, CO, is
released and increase the acidic charac-
teristics of the water decreasing the pH
value below the range of 6.5-8.5; which
is WHO standard for any source of wa-
ter for human use (13, 14).

In the later case the highest pH re-
corded was at stations, ‘F’ and ‘G’.
This shows an increase in pH in which
the acidic characteristics of the water
reversed back to its neutral state. This
may be attributed to: in part as can be
noticed going down stream, the amount
of the water increases due to tributaries
joining the stream, which generally
considered relatively unaffected by
pollutant sources and thus the assimila-
tive capacity of the stream increases:
on the other hand the self-purification
capacity of the water body could con-
tribute for the return of pH value to its
neutral state (9).

C. Dissolved Oxygen (DO):- The DO
content of Malawo stream ranged be-
tween 4.5mg/L and 7.0mg/L, the mini-
mum value was at station ‘D’ indicating
the degradation of water quality at this
station in relation to other stations.
This may be accounted to the organic
waste load from the town in addition to
the effluent released from the coffee
pulpery. The maximum DO level was
recorded at station ‘G’ the implication
of which is the re-aeration attained
from the increased turbulence observed
down stream of station ‘D’ Even then,
this low level of DO can support a cer-
tain tolerant species of aquatic animals
though not as diverse as other stations.
When compared with the quality stan-
dards of drinking waters recommended
by WHO, a minimum DO level of 5.0
mg/L, all stations with exception of sta-
tion “D’ are considered to be satisfac-

tory provided that other water quality
Parameters should be

with in accept-
able limits.

D. Biochemical Qy
Ygen D
(BOD,): The anal g

Ytical daty ;
day BODrecorded a maximum :‘;1' five

tration of 15.4 mg/L, at Statiop fol
lowed by 11.0 mg/L at Station ‘B’ ..
reveals the presence of oxvoes
manding pollutants in exce
stations under study;
11.0mg/L at station ‘B’ signifies th,
load of pollutants dye to the coffee
pulpery as it raised abruptly frop
4.8mg/L at station ‘A’ to 11, mg/L at
station ‘B’ with few distance (300m)
variation in which the only differepc,
is the effluent discharged to station ‘B,
On the other hand, station ‘D’ also
shows the maximum concentration,
which may be due to the additional dis-
charge of town wastes.

The minimum five day BOD load
recorded was 0.8mg/L at station ‘G,
May be attributed for the self-purifica-
tion property of the water body in addi-
tion to the confluence of better quality
tnbutaries, and also due to the absence
of point source pollutants specifically
at station ‘G’ where the coffee pulpery
doesn’t release the effluent in to the -
water body.

Though the BOD, level is abq‘-'c
the recommended level for drinking
water considered fairly pure with 2
BOD;, of 3mg/L (8), it generallx seems
very low when compared with differet!
studies such as in Addis Ababa. nver
systems (3) and in Kenya on RU}I“ak”
river (11) that crosses the cify ©
Nairobi with BOD, as high as 27007
L. However, the rise and fall of z.‘-ll these
parameters pinpoints us to connderatl:l _
anticipate the future fate of such l]]ated
ral water systems likely to be pol ‘:jon
and to design appropriate interven
strategies.

E. Argnmonia (NH,): The f““f;ﬁf;
ammonia (NH,) in Malawo uon GO
(table 1) indicated the min'™ g
centration recorded to b;c 0.1 ossible
station ‘A’ where there is 10 P
point source contaminant why
words increases to 0-7‘?’ md e
0.69mg/L at stations ‘B’ 20 ihe di5
. s pe due to
spectively. This may ¢ cofféé
charge of the effluent ﬁomncﬂnuﬁlio"
pulpery. The maximum €% i gon
of ammonia was 125 & © A
‘D' located down ST .y e
Wondo town, the segme™
ceives a significant am°

Xygen de.
s of Other
The ﬂmoum

r
water 8(1) Octob®
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tributes an additional
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er in to water-
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DO depletion

oxidation to nitrate im-

n demand (15)-

onia will be toxic
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0 (4 Strcam ch
that directly ent

i henever its €
L (16); {herefore the
h not as toxi
, the level ob-
the future fate of
ch coffee pulpery
stream

tained suggests,

streams crossing SU
in further down

industries- Agal ‘
analysis indicates @ decreasc 11 concen-
tration of ammonia nitrogen. This can
pe explaine by the condition of the
stream segment receiving better quality
water from tributarics such as from
‘Rukissa’ stream (figl), 0 addition to
the sclf—puriﬁcation propcrties of flow-
ing waters, which causes ammonia to

be oxidized.
F. Nitrate (NO,): The nitrate concen-
tration in Malawo stream also has a
similar trend with all other physico-
chemical parameters. Hence; the maxi-
mum concentration recorded Was
69.73mg/L, at station ‘D’ D which it
exceeds the guideliné value (SOmg/L)
recommended by WHO for drinking
purpose. And the minimum concentra-
aon of NO,N was recorded at station
‘G’, 9.25mg/L. Actually except station
D’ all other stations were with in the
re.COmmend(-:d level and that all stations
with exception of the last station ‘G’
TXCeedS the maximum contaminant
tz::’fil set by the US environmental pro-
frOmO[tlhagency (IO_mQL) (17)- Starting
s ihﬁrst station ‘A’, going down
gress?:;el e NO,-N le\'/el increases pro-
pliss theyef‘;'p to station ‘D’, this 1m-
e e o :fCI of efﬂuepts discharged
body and ke e‘E’Plﬂpery in to the water
ition D’ m: Eormal rise recorﬁed at
P y be due to the additional
o om  the discharge of town
th stes. Finally further down stream;
the NO,N level start '
1ts acceptable level S-to .retu_m back to
similative CapaCive s, indicating the as-
G PhOSphat;y;g};e water. ‘

cal result with (PO *): The analyti-
shows a two-ph regard to phosphate
n all aboye phase trend as described

parameters. The minimum
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concen.tration recorded was 0.054mg/L
at station ‘A’ where no contaminant
sourges are supposed to be observed in
relation to other sampling stations, and
the maximum concentration 1.925, mg/
L at station ‘D’ which is down stream
of Aleta Wondo town attributable of the
wastes discharged in to the water body.
Going down stream further from sta-
tion ‘D’, the PO concentration de-
creases progrcssively to 0.125 mg/L at
the final station; ‘G’. The concentration
of PO in Malawo stream generally 1s
above the maximum allowable concen-
tration (0.01mg/L) (13).

This general increase may be due to
runoffs from agricultural sites that the
topographical characteristic of the

to two distinct forms:
flow:- those stations wi;h(;ln:wisate: [t(:w
iw 50 cmn /sec, stations “A” - “E”; a:c;
o
- wift flow, sta-
tion: “F and “G”.  For most of it’s
length the slow flow stations share
common characteristics of the stream
bed in relation to the siltation pattern,
while on the other hand the swift flow
segment down stream represents the
gravel, boulders and large stones pre-
dominate and creates a cascading ac-
{ion that intermixes OXygen and results
y better dissolved oxygen
water body, the charac-
h determines the type
dominated in such

in a relativel
content of the
teristics of whic
of animal forms pre
particular environment.

stream has its OWIl role being steepy to-
wards the stream body. But the in- 2 Froma total of 16 different orders
crease from station ‘A’ to ‘B’ and so on and sub orders of macroinvertebrates
is largely due 0 the effluent from the collected; Ephemeropterd (mayfly
coffee industry and additionally the groups) represent the most zlxbundgnt
waste from the town especially at sta- invertebrates collected, this 1S attri
tion ‘D’. The self purification capacity uted to the fact that thc;c orders ©
: ; s
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burrows or have extended parts of the
body reaching the surface of the mud
for breathing.
The second most abundant group of
macroinvertebrates is the plecopteran
group also called stonefly (a type of fly
whose larvae live in well oxygenated
water). These invertebrate forms are
found to be sensitive to pollution as
there is a noticeable decrease in num-
ber and even absence of these species
at the most polluted sites (station ‘D’
and ‘E’) where the DO level is rela-
tively poor. The present study strongly
agrees with studies done in Peru; which
concludes as “plecoptera species are
the indicator group for the most sensi-
tive species, and as such are intolerant
of any pollution causing the oxygen
concentration to be reduced” (18).
Family chironomidae and other
families of the dipteran groups are
those groups of macroinvertebrates
which were found in significant
amounts at the most polluted sites *D’
and ‘E’. This is attributed due to the
fact that species especially tolerant to
pollution are those that have adapta-
tions for obtaining oxygen at the water
surface (20). Some species of the
dipteran groups also are deposit feed-
ers such as for example: sewage fIy and
midge fly larvae, which depend on the
organic matter, deposited on the bottomn
of the stream body.
Like Plecoptera groups; Ortho-
ptera, Odonata, Hirudinea and Mol-
lusks were not found at the most pol-
luted station so considered, thus can be
said that these groups are sensitive to
pollution and they lack mechanism of
adaptation to aquatic environments
with poor DO content (19). Mollusks
are found predominantly at station ‘F’
where the DO content is considered to
be good and that these groups are asso-
ciated with increasing CaCo, and salt
levels and also can be associated with
the eroding substrates as the flow at
station ‘F ‘is considered to be swift.
The group of caddis flay larvae (the
Trichoptean groups) are also associ-
ated with well oxygenated and fast
flowing water which supports the re-
sults obtained from Peru. The co-
leopteran and Hemipteran groups are
actively swimming macroinvertebrates,
which mostly inhabits the upper sur-
face of water and as such may not sig-
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nificantly affected by pollution of or-
ganic matter; thus they can be found in
both polluted & unpolluted stations.
The segmented worms such as
(Oligochaets, Polychaets &
Hirudinea) and among the Dipteran
group, Eristalis (the rat-tailed maggot)
are the group of macroinvertebrates
which are found in considerable num-
ber specifically at the most polluted
station, station ‘D’ as literatures agree
(20,12). These species therefore can be
guarantly taken as pollution indicator
species whenever they are predomi-
nantly found in polluted sites.
Inspection of the diversity indices
presented in fig 2 shows, Simpson in-
dex to be separated from Shannon and
Alpha log series in describing the
pollutional status of the stream. Even
though all of them agree in separating
site ‘D’ to be species poor habitat, Al-
pha & Shannon index are more or less
similar. This shows that, Simpson in-
dex can significantly be affected by
spatial variation and other natural dis-
turbances. This analysis agrees with the
explanation given by Dr Worku in his
Ph. D thesis (21). He concludes that
Simpson index is the most affected in-
dex to man made and natural distur-
bances and thus less effective in de-
scribing  the pollutional status of
streams while the Shannon and Alpha
indexes are the least affected by such
disturbances. He further noted that,
despite the popularity of the Shannon
index among ecologists, it appears that
Alpha index has a better performance
relative to the Shannon in relation to
stability to disturbances even when cal-
culated based on EPT (Ephemeroptera,

plecoptera  and Tn‘choptera)

alone._The}rctfore, from the above ey
planation, it is evident to obserye the
agreement of the present study in g,
scribing the pollutional status o
Ma}:.awo §t1e.am as the more stap)e di
ver;nty indices showed significan
vanations from station to statioy

The analysis of percentage abyy,
dance of all taxa with the % EpT [ind;-
cated in fig 3] shows an agreed up op
trend in describing the statug of the
stream segment under study. Thig study
provides a clue on reduction of man
power, time and cost constraints o one
hand and an additional benefit of
more efficient sample processing and
thus improved data quality as an advan.
tage from the entire taxonomic range of
organisms collected in the field, The
reason of selecting EPT taxa among
other taxonomic range of organisms is
attributed to their morphological traits
and life cycle patterns for quick recov-
ery from natural disturbances, thus en-
vironmental ‘noise’ created due to
natural disturbances could be mini-
mized by using these species of
macroinvertebrates. Therefore they are
considered as good candidates to fulfill
water quality criteria and indices calcu-
lated based on these species are €x-
pected to be more predictable than all
taxa combined.

The Bray Curtis similarity cluster
analysis for macroinvertebrates shows,
station ‘A’, ‘F’ & ‘G’ to have mor
similar macroinvertebrate compos-
tions as compared to other stations; and
station ‘D’ and ‘E’ separated from ‘the
total sampling stations thus Suggcs?g
the pollutional status of stations 35

Diva'sify index

Sampling stationes

T

Key

—aA— Simpson Index
—o— Shannon Winner Index

—m— Alpha Log Series

e

s —

Fig 2.The divers;
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all taxa v, percent

EPT between sampling

tures indicated

Generally as litera
rku 2001) and

(Dejene 1997, and Wo
from the present study, pollution status
assessment onl the bases of diversity in-
dex1sa cost effective, efficient and fast
method especially suited t0 resource

oor developing countries with limited

skilled manpower such as Fthiopia-

Conclusions And

The results of phys!
rameters discussed so far, though not
lassify e eam SEE ent .unc_ier
study as S€P jcally Jluted, the Slgﬂ.lﬁ-
cant variatio fro station 10 stgnon
indicate ant opogcnic distur-
bances imposed on the stre@ pody. In
this stuady station » s fi unq to be
relative]y he most olluted station de
scribed both physic chemi ] &
macro 10V ebrate data a alﬂed, act}l;
ly due't ¢ additiond oad frsrqt
town wastes, however nanorlxs
bove and beloW this n clesry
hows the ijmpact of oces{smg
there 1saremarkabl differenc® 10
jon to station
o It was also fo that clc’)[ﬂéet
ulpery stations, 5 ac ] a;;act o
Jeast 2 ) are Jess lik ! i
stream € ronme. tas t D e
the case€ £ station p i
which 15 also supp° by iver
dices pres red in th1S finding: clude
Finally t is PO iple 0 € e
that from revioy 1 1 ady,
analysis © sults © Y suc
piotic w.e.rsny r(cctivc
cessfully e utili ed : onitoring
‘e In W

Pmérams in Ethiopia.
offee i ;
able goog l;:tne ke 5
generates foreign cur-
rency for the country. In view of this, 1
production is a must to be encoura, ’el:
Howsver, its production and the afire-
mentioned conditions becomes a major
hsrdlc, which pose the most serious (Jm-
Yu'on.memal issue in Ethiopia. Though
it is not possible to come up with one
wide-sweeping solution, there seems 2
need to develop environmental aware-
ness and small-scale eco-technological
solutions that involve both the respon-
sible govemmemal organizations and
all citizens at the grass root level. Bear-
ing this in mined, and based on the
findings of this study, the following

recommendations are forwarded-
1. Creation © environmemal

s among coffee processors

awarenes
n generd

and the public 1
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6. Further study should be done cs}
pecially on the cumulative effegts o
coffee processing on w§t§r _b(.>d1esﬂin
different situations (munimuzing (ne
limitations there in) and alsg on the po-
tential applicability of various 1ssues
recommended so far.
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Modelling Runoff Pollution Loads in
Urban Areas ﬁgoiz;w Nigussie, E‘CSC

Abstract

ades ago because
toxic metals and
rrosion of

me a major issue of concern since three dec

f has beco
gh levels of sediments,

rom urban runof
ff is characterized by having hi

{ water bodies f

jon 0
oft:::]:;::;:ive damages it causes. Urban run? - .
other substances originating from traffic emissions, atmospheric deposition, litter accumulation, and co
metallic materials. . .
Models play useful roles in the planning and management of urban runoff pollution. This article tries to show the
fyE0e simple urbarn runoff quality model to estimate the magnitude of pollutant load from different land uses. It also
utant load reduction obtained by non-structural management practices. Moreover, effort has been ex-
e Akaki catchment in Addis Ababa.

assesses poll ; )
erted t0 illustrate the app]icability of the model in Littl

1. Introduction ,
Urban runoff pollution models may 2. Materials and Methods

support one or more of the following

This article presents an urban run-
off quality model that can be used for
screening and planning level applica-
tions. The model has three interrelated
components- Hydrologic, Pollutant
Joad and BMP evaluation components.
The flow chart for the model is shown

in Fig. 1.

Urban runoff pollution has become
the major concern of freshwater quality
jmpairment since three decades ago.
The need for characterizing and con-
trolling the problem has led to the de-
velopment of a variety of models
Whose outcome can be used for screen-
mng, planning and design level applica- obtain pollutant concentrations at any
tions. time

Urbﬂﬂ runoff quality models can . A best management practice
generate information that are useful for  (BMP) analysis component (0 evaluate

various  pollutant removal in control practices
. Optimisation procedure 10 cali-
brate model parameters

. Uncertainty analysis tO
the effect of model parameters that are

not known with certainty

components:
- A hydrology component to esti-

mate surface runoff and/or base flow
- A pollutant Joading component t0
estimate mass of pollutants transported
- A pollutant routing component to

accomplishing activities at
stages of the planning process. At the
problem formulation stage, by provid-
mg] information on the ;nagnnudes of
Faomljutant loads contributed by different

uses, they can be used for assess-

In .
eai“?‘}ierankmg of problem source ar-
Y can also generate informa- The modelling approaches can be

tion that ¢
selection :fnnl:ietizz(:id for screening and statistical, empirical or deterministic
specifically urban on measures. More  (Zoppou, 2001). Statistical models are
models may be yseq frunoff pollution usually based on regression methods
as the following (U SorEObJectlves such  that relate measured quantities with
quai_Characteﬁze r'm'loflf’A,u;99.1): rge;asurable physical parameters. Em-
COnclty 2 10 temporal and quantity aqd plr.lcal models involve a functional re-
_;ﬂtratlo”/bad — spatial detail,  lationship between a dependent vari-
o t;(;Vide ifiput to agl’:é:it\(/:i.n able and variables that are chosen from
Witer qu:lailysns, Bk, diive g re%e‘;l:itet the Kknowledge of the physical process
b e[em?jl mode], ng 1‘n\_/01ved and measurements. Determin=
ne effects, magnitude istic models are based on conservation
s,lo- laws that include conservation of vol-

Cati()n

1S, combipar:

Optiong mbinations, etc of co

! % 5 - a

trol  ume, continuity, conservation of energy

quantify

~ YES BLPs
POLLUTANTLOAD pou.unnnow
WATHOUT BMPs WITHBMPs

chart for the model

Fig. I Flow
Input Files

The input files required to run the
model are rainfall data and land use/
cover data. The rainfall data can be
single or continuous historical daily
rainfall record. The land use/cover data
contains paramelers that define the
physical characteristics of the catch-
ment. It includes data on area of each

nd use, percentages of impervious-

la
d impervious

D
i 0! X
;mah Par;m freq“ency analysi 0{' conservation of momentum. The em-
iy Perioén Flers, e.g,, to de{SlS on  pirical modelling approach has been  nCsS and dircctly connecte
; r("’ids of concentrati ermine  discussed in this paper areas, curve numbers for pervious and
alyses, © Mt o cgnS/loads, impervious surfaces. It also includes
o T information on pollutants’ Event Mean
Concentrations (EMCs)- The input file
91
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.Type (e-8 Residential)
N Catch.mmtparmnete.rs
(e.g, percentimperniousne ss)

_C anstituent information
(e.g EMCy

(eto)

. Type (e.g Comm ercial)
.C atchment parameters
(e.g percentimperv ousness)

_C onstituent informaticn
(e.g EMCs)

Fig. 2 Data format for land use/cover file

structure format employs the user-de-
finable data structures and structure ar-
rays of MATLAB*. This has the ad-
vantage of arranging the land use/cover
data in an easy to understand format as
indicated in Fig. 2. As many land use
types as required by the user can be in-
cluded in a single land use file.

The hydrologic module

The hydrologic module estimates
runoff by the Soil Conservation Ser-
vice (SCS) runoff curve number
method. The simulation time step can
be continuous daily, seasonal or annual
depending on the input precipitation
data time scale. Runoff from a land use
can be estimated by first dividing the
land use into three parts- pervious ar-
€as, unconnected impervious areas,
and directly connected impervious ar-
€as - as shown in Figure 3.

Uncormected
Impervious
ofal NO
Perviows < 307
Sy

Fig. 3R

)

2
400
I
b CN 25400
L 4|50
—_—— Rk, -254 >

23400
Ry = (R +(1-ky,) CN—)-zs

25400
0 fP -k, | ——-254<0
N

The runoff calculated by the above
formula should fit observed catchment
responses with a minimum error. This
can be achieved by calibration which
determines optimum model param-
eters. In this model the constrained
non-linear least square optimisation
procedure has been adapted to estimate
values of optimum curve numbers for
each land use. The method concerns
with a search for optimum parametric

values that minimises the objective
function given as:

nf q 2
MiumizeX . = T T10x R (X p)
L= WA h XAJ-VOl

Subject to x)l :Xj(xm

In the above formula 10 g a unit con-
version factor

Estimation of pollutant load

Tbe model makes yse of the EMC
to estimate pollutang loads from differ-
ent land uses. This method assumes

that constituent toncentration ig con-
stant throughout the s

ematically, the EMC is expressed as

due to the complexity of the Physicy]
processes involved (Terstriep apq L
1995). The method is particularly y,_
ful for estimating long-term Pollutap;
loads (Pandit and Gopalarjg
1997; Chiew and McMahon 1999),

By multiplying the estimated Tunoff
volume from a land use with the COome.
sponding constituents’ EMCs, the pol-
lutant loads from a land use can be g
mated. Mathematically,

-2
Li=10 XijRiXEMij

The constant 107 is a unit conver-
sion factor

Evaluation of best management
practices

Best management practice is a tech.
nique used for managing runoff volume
and quality using combinations of vari-
ous structural and non-structural con-
trols. This model incorporates non-
structural BMPs that include reduction
in the percentage of total impervious
surfaces, disconnection of some imper-
vious surfaces, and improvement of
vegetation/grass cover of a landscape.
Such changes on the land surface char-
acteristics affect the curve number
(CN) and hence the runoff from a land
use.

3. Runoff pollutant load from

Little Akaki Basin

Input data :
pThe location of the Little Akaki B;
sin within Addis Ababa is shOVT
Figure 4. The basin has a total 1@(1 “n(
of 3150 hectares. The sizes offi‘m;em
land uses in the basin are indicat®
Table 1. 8
The soil type in Addis Ababafhas
high runoff potential. The stat¢ ©
cover on pervious surfaces of ¢2°

S o0r:
use in the basin could be rated as P

nor

: . for
epre - C ¥ Based on this information an:‘[jon.
i o Presentation of q lqnq use Ehe < 2 mal antecedent moisture conditio® &
| oy g T curve number for pervious areas 15

| L] € nu :
i : - oy
{ Mo impervious surfa

I lim;:: Scsﬁf;”e number methoq es. eVe:,Jtse ol average EMC in multiple SR

i runoff based o o Computer g 5 -

| sued by the USDA ng(tltg (’3 1q9u8altlon 'S estimates (hy aerUlanonS mayleadto [ Coumstitsent | Ansua "‘;(l" od lond,

] - a

i curve number (CN) is 4 fUncf‘). The o tained from morse act:curate as those T M

] | 1

i land use/cover, hydrologic ¢ mut (C arbeneay Omplex models  [Tiy

if

1 379413
ol group H : Bareeett 199 Othod T
dition, ence, thig simple 8).

Table | Catchment chara
the Little Akaki Basin

nt ]
i mOISlure con

cleﬂ'sfil:s 0./
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Fig. 4 Location of little Akaki basin

basin are corrugated iron sheets and as-
phalts. The curve number value for
such surfaces and normal antecedent
moisture conditions is 98.

Pollutant load has been estimated
from daily precipitation data for the av-
erage year. After having investigated
the daily rainfall records from 1990 to
1999 at Addis Ababa Observatory Sta-
tion, the 1991 data closely matched the
average year data. Addis Ababa Obser-
vatory is located at the edge of the cen-
tral part of the Little Akaki basin.

Estimations of pollutant loads have
been made for three constituents, i.e.
COD, TKN, and Ortho-P, with mean
concentrations calculated from data
presented in Table 2.

Table 2 Mean of constituent
Concentrations of water samples
Constituent

Mean concentrations
| mg/l

546

49

16

[Source: AAWSA et al, 1993)

Results of the simulation

USinThfh estimated daily runoff volume
relaéon;-smdard SCS curve number
- P 1s shown in Figure 5. It

Prese
Nts the runoff volume from

x10*

Daily sunoff, m3/d
-m

o~

) ) zm‘ |
Day, : 20 a0
wﬂlhngﬁunjm.y’.199, 350 40

Fig s
e ES”)nat "
Linte Akak; B:g,,dm’y runoff from the

Wat
ey 8(]) October 2004

Little Akaki Basin (including built-up
and woodland area) for the average
rainfall year. The estimated total annual
runoff volume is 9.4 millions m®

The estimated annual pollutant
loads and unit loads from the built-up
area of the Little Akaki Basin are indi-
cated in Table 3.

Table 3 Estimated average annual
pollutant load from the built-up area

of the Litlle Akaki Basin
Constituent Mean concentrations
mg/l
CCD 546
TKN 49
Ortho-P 16

[Source: AAWSA et al, 1993]

The reduction in the annual pollutant
load for improved vegetation cover has
been evaluated. In this article improving
grass cover from poor to fair state on 59—
75% of the pervious area has resulted m
a decrease in the annual pollutant load

of each constituent by 20 %.

4. Conclusion

Urban runoff quality models are ex-

tensively used in water quah’t_y Plan—
ning and control activities. This 1s as-
certained by the availability of large
number of non-proprietary and com-
mercial models. Development of accu-
rate physically based runoff quality
models remains to be diﬂ'lC!.llt due to
the low level of understandlng of lh;
processes affecting accurnulation an

washoff of pollutants on urban vfratclr-
sheds. Besides, complex physically
based models are considered 10 be
more of research tools than m_anafge-
ment tools. Empirical models with few

Gener at ed by CanfScanner fromintsi g.com

parameters proved to be valuable to de-
cision makers that are faced with water-
shed management.
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Hydropower Potential and Priorizatiop
gites for Development (The Case of
Ghiba Basin in Tigray, North Ethiopia)

G/Anania Mehari, Seleshi p,
PO.Box: 520, Meke!le,Ethiapfa

Abstract

Hydropower potential identification and prioritization of' sites have been done.[or Ghib:.l river basin in Tj
Regional State, based on various established criteria. Accordingly, eleven storage sntes' and nine cascades have by
identified in the basin.To transfer information from gauged sites to the hydropower Slt-es, which are ungaged; ra.
tionships between runoff and rainfall were developed. Thus, the water resources potentna‘l at the ungauged sites iy
dro sites) have been estimated by applying the relationships developed at the gauged s.ltes. All the hydro sites 1
assumed to be connected to two near by grid centers at Wukro and Mekelle. Based on limited criteria, topograpty,
hydrology, proximity to Joad centers, and accessibility by road, the sites were prioritized and the most promisingsie
was selected. Other sites have been ranked in order of priority.Hence, the sites Ghiba and Agulae (close to Mekell)

and Genfel-3 (Gereb Hidar) and Genfel-2 (Close to Wukro) have been raked

1. Introduction

The Ghiba river basin in Tigray re-
gional state, North Ethiopia, has catch-
ment area of S163km?, the length of the
main watercourse is 236.4km, with a
total fall of 2030m. The basin com-
prises six tributaries: Suluh, Genfel,
Agulae, Illala, Meskila and the Ghiba
itself The average annual rainfall over
the basin is 665.5mm and annual runoff
volume of 1334milliom m’. There are
eleven storage sites and nine cascades
planned (identified) in the river based
on hydrology and topography. The po-
tential storage sites are: (1) Suluh, (2)
Genfel-1, (3) Genfel-2, (4) Genfel-3,
(5) Genfel-4, (6) Genfel-5, (7) Agulae,
(8) Meskila-1, (9) Meskila-2, (10)

Meskila-3 and (11) Ghiba. All the cas-
cades are located on the main river
downstream of all the storage sites with
the first cascade being a dam scheme.
The objective of this study is to esti-
mate hydropower potential at each site
of interest as well as the whole basin,
and to select the most promising site,
which should be implemented first.

1.1 Description of the Study Area
The study area is located in the re-
gional state of Tigray, in Southemn,
Eastern and Central zones of the re-
gion. The reference town is Mekelle
(the capital of the region) found within
the watershed (in the southern part of
the basin).The basin lies between lati-
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2. Materials and Methods

To estimate the hydropower poten-
at the area of interest, different ma-

terials and various study approaches
Were used.

Materials

tial

The necessary materjals and equip-
ments used in this research work in-
cludes: topographical maps with a
scale of 1:250,000, scale 1:50,000,
ortophotos of scale1:50,000, Tracing

Papers, Scanner, Digital camera, GPS
receiver and so on.
Methods

The methods and study approach'es
employed in this research work in-
clude: review of existing hydropow.er
development studies in the area and lit-
erature review, delineating the bound-
ary of the area and estimating the catch-
ment size, locating possible potential
hydro sites.

2.1 Topographic analysis
After identifying the sites .o:\ rtj;ei
maps, based on the 20m or 40m 1nte
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Where,

Dhi = distance betweep successive
contour lines

DS, = Storage volume between succes-
sive contours

A.and A, = Surface area between suc-
cessive surfaces

2.2 Hydrologic Analysis
2.2.1 Runoff Data Generation at
Potential Sites
To estimate water resources as‘wcll
as hydropower potentials at the sites
i med out using
hydrologic study was cai
existing discharge data recorded at ‘kf‘
gauging stations available fgr the ‘ba.sm
and rainfall gauging statons in or
by the area, rainfall data from 10
near " s
i i the area was ¢o!
stations 1n or n.car.r € g i
d. Due to significan
lecte R el apot
in rainfall and runoff, as ¥
e ods, eleven
matching of recorded pen d‘ g
years of monthly rainfa(lil :_nh X :uss i
off data was used. o
re:grr:: in rainfall data we‘rc. ﬁll;c‘i ::ps
;Ztablished pmceduris;::il::f\m .
: t gaug
in runoff data a
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ried out using various methods such as
multiple station regression, rainfall-
runoff relation, and runoff
coefficients. The average watershed rain-
fall at the sites of interest was estimated
by constructing Thiessen polygon.

In the study area under consider-
ation, all the hydrometric stations are
far away from the identified damloca-
tions in the respective rivers (tributar-
1es). To estimate the hydropower po-
tential, runoff data at ungauged sites
(hydro sites) were estimated by using
the runoff coefficients obtained from

Fig.2-2 Picture of Genfel-3 Hydro site (d/s fall)
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simultaneous data of rainfall and runoff
at the gauged sites, which is given by:

QJ!'I: = (L"') qu e * = (22)
Agauge g Pguge
Where,

A, =Drainage area of site of interest (k)
Qg = Discharge at the site of interest (M)
A= drainage area at the gauge site (knr’)
ch = Discharge at the gauge site (Mnr’)

P =areal rainfall at the site of interest (mm)
P_ . —areal rainfall at the gauge site (mm)

2.2.2 Flow Duration Curve Analysig
at the Potential Sites

In order to see the amount of de.
pendable flow available for power pro-
duction and the amount of storage re-
quired for secondary power develop-
ment, monthly flow duration curves
were constructed, from the monthly
stream flow data (see figure 2.4).

From the monthly flow duration
curves constructed for each potential
site, the dependable flow at 10% to
100% is given in table2.2

2.2.3 Determination of Storage
Capacity

Storing water in the high flow sea-
son and utilizing it in the low flow pe-
riod will require a storage reservoir.
The first step in evaluating the energy
potential of a storage project is to deter-
mine the amount of storage available
for regulation.

In modeling hydrologic time series
for simulation studies of reservoir sys-
tems, storage-related statistics may be
particularly important. Consider the
hydrologic time series Yo 1= Loy N
and a sub sample y,, ...y .Where n
d*N. From the sequence of partial sums
S, as (Maidment, 1993):

s ” @3)
S =S4+, =¥
Where
S, =0 and )’_,. is the sample mean.

In the case of stream flow time series,
Si represents the cumulative departure

from the mean flow );n . The plot of Si

versus i, 1 = 1,...,n is the typical mass
curve from which the minimum storage

capacity D_ of a reservoir to deliver
Bs vaion - Ares -Capaclty Curs - Ghiba dam 1ib - k .
s ® y, through the time period n can be
|~ .r""ﬂ/.
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Figure 2.3 Elevation Area Capacity Curve for Ghiba Hydro site
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Table 2.1 Summary of the potential hydro sites and
their physical features in the Ghiba Basin
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To obtain the average annual energy
of the plant the curve has to
lly integrated between !im—
using the equation:

43

production
be numerica
its of Q,,,, and Qe

ATh
-5 P *x——*8760
£ Z' 100

Where E = average annual electric-

ity production, KWh
ATi = increment along the percent

scale (for this case 10 % and 5% 1is
taken) _
Pi = the average power oufput 11
the percent increment
8760 = is the number of hour in an
average year

In the flow-duration procedure,
constant average forebay elevations
were assumed for all projects.

Also, as there is no tail water-rating
curve constructed or the channel geom-
etry is not surveyed, the head differ-
ence between topographic levels of
forebay and downstream bed level
were considered.

Moreover, for the calculation of the
average annual energy potential of the
sites, variation in heads was considered
negligible and total plant efficiency
was taken to be 85 %. Thus, table 4.1
shows the calculation procedures for
power potential of sites using the flow
duration curve method.

4.2 Energy Potential Using
Storage Analysis

At each site proposed for hydro-
electric energy production, an average
monthly flow and average turbine head
was used in the power equation. The
head considered here is the reservoir
water head plus the available natural

ference from center of gravity of the
reservoir to the turbine level, ie. the
natural drop plus two third of the water

head in the reservoir.

4.3 Hydropower Potential by
Cascading System

For the comprehensive exploitation
and utilization of water resources for
hydropower development, cascade de-
velopment was proposed downstream
of the Ghiba hydro site. According to
the natural feature of the river and the
regulated flow from the hydro sites,
Ghiba, Meskila-2 and Meskila-3, the
river can be exploited by cascading so
as to make best use of the river fall. All
the cascades are assumed to be hydrau-
lically mutually connected: the tail wa-
ter of the upper cascade empties into
head pond (reservoir) of the lower cas-
cade and the tail water level of the up-
per cascade is roughly equal to the up-
stream water level of the lower cas-
cade. Figure 4.2 shows the cascade con-
nection of diversion schemes.The upper
reservoirs are intended to produce hy-
dropower at site and to get a regulated
flow for the downstream cascades.

The total power potential of the main
river downstream of the confluence of
Ghiba and Meskila is the sum of the
power out puts obtained from each cas-
cade plant. which is given by: ,

Bo:a.! = ZU?QIHi
1-1

Where Q, = the flow at site i (m%/s)
Q=0Q=Q+Q+Q+... Q
Q= regulated release from stor-
age site )
H, = the head at site i (m)
h= Global efficiency (decimal)

(4.4)

total

9
77?_21 OH; 43

fall. The water head is the elevation dif-
Table 4,‘.’ calculation procedures using the flow duration curve method (Suluh
hydro site).

10%
e | 20% 30%'40%|50%160% 70% | 75% | 80% | s0% | 5% [100%
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Figure 4.2 Cascading systems in fhe
Ghiba basin

Considering an average natural fll
along the river reach, actual head a0
be obtained by assuming a powerd
of length equal to the length of them@
reach between Successive cascades
providing a permissible bed slopef
500. In the estimation of actual Vs

: - o5
L site, hydraulic lf_)
heads at eac " the b 4 dﬁ_ﬂ'

were not considere 8
ence between forebay Jevel and WW
doing 50, theF°

level was used. BY 5% il
outs obtained from the sites ,

marized in table 4.2

. ussiﬂﬂs
ults And  DisC
5. Res 13

Reservoir capacity (Slf:g :; oF
hydro sites is limited bY T v
sources availability OIIJ)v’-oirs o
the capacity of the rt?sﬁr"arca .capﬁ‘“y
topographies (Elevation ™ onf°
curves) could provnde

the oS
. Therefor® c,pacnl;o ¢

; : TVOIr sppr
showing available peqq Section

0 Schepreg
gC ﬂow of :

Gener ated by CantScanner fromintsig.com

rrrrr—rmrrmrr-r




Table 4.2 Power output from eqc, Cascade gt g, ;
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considering mean

ly flows, seaso

nal Storage and
average

including reservoir

cascades,
Power capacity is 113 Mw,

In order to select the most promis-
ing hydro site, which could be imple-
mented first, relative priority of sites
has been done considering four basic
criteria: hydrology, topograpgy, acces-
sibility and  proximity 1o load
centers.Therefore, the study concluded
that the Ghiba hydro site, with 94 m
natural fall (after 11 3km downstream)
and 110m dam height, from the river-
bed level at elevation 1674 masl, is
the most promising site. Approximately
17.8 km of new transmission lines
would have to be constructed to con-
nect it with the existing distribution
lines from the central grid at Mekelle.
The long-term average annual flow at
the site, during the study period (1992-
2002), is about 732.2million m” The
site would be capable of generating an
average annual energy of 376.54 GWh,
On the other hand 1004 GWh of hydro
energy can be gencrated when the stor-
age is accompanied by downstream
035?;:: ?I"ekeze river basin m”_“‘" P“‘:
studies (NEDECO, 1998) milcm‘;_
that only 6MW of P°“’”_°a'}__ = (:n'-
tained from the Ghiba basin. Comp
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ing the values estimated in the present
study and the previous studies there 18
great difference between the out puts.
The main reason for the small value of
the previous studies is that detail hy-
drologic and topographic analyses had
not been done. Moreover, exploitation
of power potential by cascading
schemes was not considered.

6.2 Recommendation
In this study, the estimation has

been done may be only for part of the
hydropower potential of the basin,
many potential sites could be devel-
oped. If all these sites could be devel-
oped, the hydropower out put might
doubled or tripled.

The cascade development aims at
an overall benefit to be gained from the
whole river rather than from an indi-
vidual project. Hence, it is recom-
mended that all the cascades be consid-
ered together as an integrated project
and each separate cascade as just a
component of the whole system.

Due to lack of sufficient data and
time geology and cost criteria have not
been considered for the comparison of
the sites. Therefore, detail geological
condition and cost benefit analysis
have to be done so that the ultimate op-
timal site could be known.

During this study stream flow
losses, seepage and evaporation losses
from storage reservoirs were not ana-
lyzed in order to know the actual HP
potential of the area. Moreover, the
cascade development Wwas analyzed
with out considering water losses along
the river and evaporation, and possible
diversions for irrigation and other pur-
poses, which might reduce the esti-
mated power potential significantly.
Therefore, geomorphology of the river
should be studied.

The scale of topographic map to be
used should be larger than the available
scales; this will help obtaining accurate
reservoir, capacities, natural falls and
location of sites.

Systems analysis have to be done to
know whether the power potential is
enhanced by implementing all the site
or only some sites by considering the
effects of upstream site on the down-
stream development

Due to the relatively big power out
put and large capacity of the reservoir,
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the Ghiba site has to be implemented
first taking in to account downstream

developments also.
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receive relatively high annual average
rainfall (>1500mm) is the potential
groundwater recharge area, whereas
the low lands that have comparably
small annual average rain fall (<900
mm) is the groundwater discharge area.
The least groundwater recharge area is
located at eastern and southern low-
lands of Hararge, Borena and Bale as
well as the rift valley region; these ar-
€as receive an annual groundwater re-
charge of 50-150mm.

In metamorphic areas of the region,
fractures and fault zones particularly
open faults and intersection of faults
are  of great interest from
hydrogeological point of view. Due to
this condition and the shallow nature of
weathering depth, ground water poten-
tial is minimal in metamorphic terrain
of western Oromia in spite of its high
annual precipitation. But little amount
of subsurface water that can be devel-
oped by hand dug and shallow machine
drilled wells can be found in the weath-
ered parts and overlying alluvial cov-
ers.

The aquifers of Mesozoic forma-
tions are important, especially when
they occur in the more favorable cli-
matic areas, this is the case for Meso-
zoic rocks of Blue Nile basin (Vemier,
1993). Mesozoic sedimentary rocks of
eastern and southeastern Oromia have
insignificant importance
hydrogeologically in spite of their great
aenal extent. This is mainly due to un
favourable climatic conditions and
their intercalation with layers of salt
and gypsum that make the water par-
ticularly unusable. But in some areas of
Bale a remarkable deep karstic circula-
tion of ground water has been noticed
(Vernier, 1993). In Mesozoic terrains
of the high lands thick alluvium covers
in valley bottoms and plain areas are
best sites to develop shallow ground
water resources.

Quaternary sediments in the rift
valley as well as close to the rift escarp-
ment deserve great importance for their
groundwater potential; good aquifers
that are fed mainly by rivers coming
from high lands exist in the area. In ad-
dition to these the surroundings of
those fresh water lakes are best sites for
shallow ground water development.

The hydrogeologic, climatic and
geomorphologic condition of most part
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of the region in all direction favors the
prevalence of shallow water sources.
This is why all districts/weredas in the
region are contained in this
programme. There is no single district
that doesn’t have one or two river val-
ley or wet plains that can be dug fro
hand dug well.

3. Existing Water Supply
Situations and Shallow
Groundwater Develepment and

Management Practice

The majority of the current safe wa-
ter supply schemes (excluding family
and community hand dug wells) of the
Region are groundwater. It covers
about 62% of the sources. The remain-
ing 38 % of the sources is surface wa-
ter. Out of the surface water source,
more than 80% is covered by springs.
Rivers intake, dams, ponds and roof
catchment share the remaining 20%.
Springs cover about 55% and 45% of
the water sources for West Wellega and
Illuababora, respectively and ground-
water covers more than 95 % of the
water sources for East Shewa, East
Hararge and Borena (OESPO, 1999).
From these sources about 35% of the
Population has got access for potable
water at present.

Great effort has been made by Re-
gional Government of Oromia to alle-
viate potable water supply problem.
More than half a billion ETB was chan-
neled to this sector from]987 to 1994
EFY that has benefited more than 2.5
million people, of which about 2.4m
are rural beneficiaries, Of the allocated
budget 52.5 % went to rural water sup-
Ply and the Tremaining to urban water
supply. Apart from this effort, about 60
NGOs were involved in water supply
and sanitation activities in the Region
(OWRB, 2003). Despite all these ef-
forts increasing the water supply cover-
age status of the region has become dif-
ficult task as Population growth rate
exceeds the water supply coverage
growth rate almost by more than two
fold. Groundwater depletion due to de-
Creasing precipitation and infiltration
and Over pumping, decreasing success
rate in ground water drilling (as easy to
find sources are abstracted), poor drill-

ing method and wel] ge
tributed to increased Cost are Tecur
problems that are making Water g J
activities more complicateq and cogy
Unless paradigm shift js made iﬂthyc-
sector, with increasing cost of gy,
struction and limited Capacity of imple.
menting water supply Projects, the )
is expected to increase. :

The shallow wel] concept s o
well introduced in Oromia and the
country as well. Although there are
thousands of wells in many parts of the
region there are places with dire need
for water and hand dug wells are got
known. Even in areas where hand dug
wells are available there are thousands
of wells that are adequately unpro-
tected or poorly protected and has a
tendency to become heavily contami-
nated due to rain water runoff, and u-
safe lifting methods. Many are danger
ous due to poor construction workmar-
ship, poorly lined, has little or no pro-
tection at well head. They are regarded
as a threat to health than benefit. They
did not appear on any inventory of
RWSS. Hand dug wells were mot
garded seriously by govemment o
other organizations.

No material assistance was f"fd:'
coming for family based water devco;
opment either from the gove_mme“tvw
by donor or aid organizatiots- .
about significant portion of the PP
tion use these wells on a daily &%

Despite the fluoride probieh
rift valley area is well !mQWﬂh‘:n 5 i
gard. One can see fmlyMo gjomd
wells all along Debrezeit - ipe VoY @
and in West Shewa area, 08 of
Jimma. The sanitary Condmonsmm’l
wells is not acceptable- Wdlsve :
in Modjo-Bushoftu arc2 ¢ 8
poor condition of \_;vells ac gl
table below. But with somsuPPlY
ment these family wells car; pwe's T

g moaPr 1)
table water like that of 1%1 - 200lili
graded family We!ls,(ar copditi®® g
which were in a st { well :.:w"
our existing traditiond’
ample the mean E.

Sign thyy

A

co.lu'lo b pté

. 1

of traditional wel »
well with *bucket putt s ?
well with hang Pm:l:;wlcd we
16.69 and 7.67 in ST Loty
Zembabwe (ibid)- Thlswsalﬂf q:[g,d
grading can bring ec le $
hand dug wells to acc
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g

v & sanitary conditions of some selected hand dug wells in
qua/lty
Table Wate”

to maintain hand pumps
East Shew?

- More time to fetch water when
compared with motorized ones.

T bemical s Proposed  upgrading
Y
B-:lcrlol((i:::, :J':':r-dzri!lltl Conditl -
(No. | Site name Results 3 above the max.
collforney Permissible limit
et e 12 |
1
W HN 285 0oml Color 44 Pt-Co - Poorly handlefl - Well d_cv'elop-r!xm
5 soont Turbidity- 15 NTU fetching materials | - Well disinfections
- Open during day | - Head work
time - Improved water lifting
HDW HN 253 unt | Color 31 Pt-Co - Ditto - Ditto
29 Many to co oD D
HDW HN 2 /100 ml Ditto Ditto
Kumbursa Village
2
HDW (prvt)
Lume Many to count Color 43 Pt-Co - Ditto - Ditto
e e Turdidity- 15 NTU
3 Ude Kebele Many to count Color 40 Pt-Co - Ditto - Ditto
Turbidity- 14 NTU
Sirba Village Many to count Color 16 Pt-Co - Ditto - Ditto
Turbidity- 45 NTU
Bisike Village Many to count Color 16 Pt-Co - Ditto - Dito
Turbidity- 45 NTU
Shera Many to count Color 50 Pt-Co - Ditto - Dito
: Turbidity- 13 NTU
Cheri Scfer Many to count Color 73 Pt-Co - Ditto - Ditto
) Turbidity- 23 NTU
Dibandiba Many to count Color 150 Pt-Co - Ditto - Ditto
Turbidity- 47 NTU
Many to count Color 28 Pt-Co - Ditto - Ditto
Source: Oromia Water Resources Central Laboratory
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each family without potable water sup-
ply and located on shallow ground wa-
ter potential site to have its own well.
The foreseen advantages and disadvan-
tages in planning such huge mobiliza-
tion were the followings:

4.1 Advantages and disadvantages
of hand dug wells
Advantages:

1. Are labor Intensive and low in-
vestment and O& M cost,
2. VLOM

3. Construction materials available
in the vicinity

4. No running cost

5. Water close at hand in a backyard

6. Did not depend on government or
community Sponsorship or manpower

Disadvantages:
1. Non reliable sanitation
2. More time to fetch water
3. Low community acceptance

- Hand dug wells fitted with hand
Pumps

Advantages:

- Labor intensive and low invest-
ment and Q& M cost,

- VLOM

- Construction materials available
in the vicinity

- Low running cost
Disadvantages:

- Needs skilled/semi skilled pers~-

- Require replacement cost
- Needs marginal running cost
- Hand pumps are not locally available

By considering pros and cons of
promoting hand dug wells as one of the
immediate solutions to access the ma-
Jor part of the society that can’t be
reached through other type of source
development in immediate future is
proposed after thorough discussions
and arguments. Training manuals were
prepared and ToT training was given to
all Wereda staffs to be followed by
farmers training at PA level. Well dig-
ging manuals has been prepared in
Oromiffa and distributed to all Genda/
Kebele Administration units to reach
selected farmers. The training includes
well site identification, well develop-
ment, wellhead construction, water
quality aspects and community and

family level water resources manage-
ment activities.

5.Current status

In every part of the region there was
hand dug well digging activity before
the start of the rainy season. So far,
about 43,000 productive wells are dug.
The hesitant attitude and resistance
from few individuals is diminishing
from time to time as families start to use
the water from wells in their backyards
In most dry months of the year and
when they are in burning needs. Some
have gone beyond the use of the water
for domestic purposes. Bucket irriga-
tion has started to be practiced in differ-
ent parts of the Region. In East Hararge
and West Hararge zones such practice
has longer age. In areas of minimum
uTigation practice as West Wellega,
Begi Wereda, the author has seen 8
wells used for watering small plots
around the wells. Some farmers have
started to link ground water with food
security. The ultimate goal of this ini-
tiative is food self-sufficiency through
the use of all available water resources
including ground water in a sustainable
manner. The exemplary activity in near
by villages has triggered farmers to dig
their own wells without being told to de
so. A farmer in ==
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well is a typical example. The well was
drilled for 15 meters, of which about 2
meters is through the weathered bed-
rock, which was strong to be dug by
hand. Finding water undemeath their
feet is a new experience to families in
areas where there was no such practice.
Such families are happy to find this
source that reduced their water fetching
distance time and labour and has better
ownership right than other sources.

What factors had led to this devel-
opment?

- River waters are no more save and
dependable as times with little popula-
tion and better environmental condi-
tions in the rural areas.

- Family wells are close at hand and
convenient

- Local communities gradually ac-
quired the extra knowledge they
needed to improve their own backyard
wells

« Hand dug wells take no significant
portion of their land.

« No fear of malaria as that of ponds

- Good ideas multiply and within
few months, many more families had
dug wells.

« The settlement pattern do not en-
courage isolated families to go and
fetch water from distant improved
sources

Accompanying water resources
management activities that have been
told to the farmer to do it to protect his
well and springs and rivers from dying
out will inevitably contribute to re-
charge the groundwater resources,
hence to sustainable groundwater de-
velopment. Once farmers understood

the use of these wells they will be will-
ing to do anything to protect their wells
from deteriorating. The collective ef-
fort from each farmer will inevitably
lead to better watershade management
and hence improved base flow and in-
sure availability of adequate surface
and ground water resources.

6. Lessons Learned and Future

plans

From this achievement it is learned
that the main development resource is
our human resource. If it were possible
to reach the whole population and
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bring an attitudinal change at once, dig-
ging a family well at backyards is only
a week or two activity. With little input
from government or other organiza-
tions these sources can be easily up-
graded to acceptable potable standards.
If all dug wells in Oromia are meeting
the required standard the water supply
coverage is expected to grow by 6.6 %
within one year. If according to the plan
all families that are located in areas of
good potential are going to develop
their own wells the water supply cover-
age is expected to grow as planned. If
carefully handled this is a very good
opportunity to manage the water re-
sources at a family level.

This year and next year digging
similar wells will continue in the same
manner. Parallel with this, upgrading
program will follow to make the
schemes sustainable and samitarily ac-
ceptable. At present there is increasing
demand for technical and matenal
assistances. The request for concrete
moulds is increasing. Lack of experi-
ence in digging wells is a problem in
most places. As a result the cost of drill-
ing per meter of depth is soaring high.
Training lead farmers, more artisan
diggers and extending the training to
family level will be undertaken in all
parts of the region in the future. Peni-
odic monitoring and supervision will
be carried out to decide on future ac-
tion. The existing better organizational
structure of the water sector in the re-
gion is very encouraging.

7.Conclusion

With such large population size and
alarmingly increasing trend, supplying
potable water with only government
and few NGOs participation is a diffi-
cult task that is not possible to attain.
Use of all available resources is a non-
negotiable option. In this regard the hu-
man resource is the readily available
one. If carefully managed use of such
abundant resource can bring miracles.
The fact that so many families had in-
vested money and time in the construc-
tion of family based wells was a good
indicator of the potential for future suc-
cess of this concept. As people start to
use and become closely attached and
dependant on family hand dug wells
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2. Why Watershed?

For multidisciplinary approach &
its sustainable intervention/develop-
ment, there should be some sizeable
unit. Hence protection, improvement &
rehabilitation of a given area can be
Sustainable attained in a watershed.
Moreover for sustainable implementa-
tion of multiple objectives, among oth-
ers: increased crop & livestock prodnc-
tion, reduced land degradation &.1m-
proved household cash income attained
in watershed.

By adopting sizeable watershed, the
causes and effect relationship of thes.e
can be conveniently established. This
also implies that, solutions of wale;:
shed problems are sought from .that wdS
tershed area itself. However, it nee

‘ A
strong commitment and enormous
puts.

ried to review & see the

This emphasizes the need for re-
search and development planning
based on a number of small land sizes
than distributing ones effort on wider
agro ecologies. Experience gained
from the past expensive multi-location
experimentation indicates that the re-
sults are not up to the expectation when
judged in terms of the impacts they
brought on the livelihood of the farm-
ing community. Therefore, the expen-
sive massive experimentation appr_oach
largely generates only a fe;w w1d_e1y
adapted modem lechnologles,‘ which
may or may not perform \yell in other
ecology (Girma, unpubhs_hed).. ’I_he
modem wave of agronomic thinking
advances that, once a package of te;l:h(;
nologies is generated for a wattei‘rs i 3
and adopted by farmers, at least the e[e,
perience gained would help to tm‘sf '

hnologies to any far:
and extrapolate tec Bles | ooy
ther radius with less demanding

3. Experience Based Lessons

3.1 Status of w:'uershc\c:’orld:
management work.s in the
Qverview o
At the international level.

i i d South
countries in Affica, Asia an

¢ i) O
America have designed their 0

d on different
velopment P“’g'm‘?inm: results.
watersheds and ob

3
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In well managed watersheds of India,
return to investments in watershed de-
velopment was found high, with cost
benefit ratios ranging from one to
greater than two (Turton et al.,, 1998;
Shriniwassharma and Mishra., 1995).
In Srilanka, achievements in afforesta-
tion and crop production have been re-
corded as a result of water collected in
earth dams built across 20,000 water-
sheds (Dharrmasena, 1994). Neely et
al. (1999) reported positive changes in
biodivcrsity conservation, land man-
agement, income generation and capac-
ity building as a result of mtroduction
of integrated research and development

activities in Manupali watershed (Phil-
ippines) and Donsin  watershed
(Burkina Faso).

In Tanzania semi-
improved grassed management was
identified as the best method for de-
creasing soil erosion and increasing life
of reservoirs. Watershed research also
provided information on erosion in wa-
tersheds, prognosis of life of reservoirs
and use of sand filled reservoirs for
ground water storage (Anders Rapp,
1977). Mathias (2001), in his GIS
based studies on soil and moisture con-
servation in Gondar has emphasized
the need for developing area specific
soil moisture conservation techniques.
In China, Wu Faqi (1999) reported on
the Nihe Gully watershed (9.48 km 2)
through ten years consecutive research
that forest grass and vegetation cover
has reached 5.8 km 2, accounting for
the 61.7 % and land use rate raised to
88%. As a result, food crop yield per
mu is stabilized over 200 kg and per

capita grain production has risen to
607.6kg/mu.

arid watershed

3.2 Important Issues & Lessons For
Sustainable Watershed Programs In
Ethiopia

3.2.1 General

- Cost sharing between upland &
low land were not properly considered

- Water use right within a watershed
system is poor

- There is fragmented institutions
with fragmented objectives in one wa-
tershed

- Incentive strategies reliant on
ford-for-work

- Tenure issues considered not to be
important (communal grazing, commu-
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nity forest, federalregional forest, etc)

A case of project 24881 :

The project was implemented from
1980-90 in 44 catchments throughout
the country (MoA & WEFP). From the
evaluation undertaken in 1988, the fol-
lowing were obtained.

" To some degree afforested planta-
tion & soil and water conservation
(SWC) structures are implemented

" There was in a

Ppropriateness of
SWC structures

" Lack of end user’s participation:
farmers were unaware of about the
Project activities

" Insecure land &/or land tenure:
farmer’s were unaware of their ri

on trees planted on the
lands,

ghts
PA communal

" Food aid was used as a pa
maintaining on-farm activities er
self-initiation and motivation

y for
oding

3.2 .2 Status of Watershed
Management Works in Ethiopia:
Overview

In Ethiopia, watershed management
research and development works are at
their beginning stage. Over the last six
years, a coordinated watershed re-
search project has been implemented at
Ginchi (380 ha) and Chefe Donsa (137
ha) .The project was a collaborative
work among the Asjan Development
Bank, International Crops Research In-
stitute  for  Semi Arid  Tropics
(ICRISAT),  Vertisol management
project and the Ethiopian Agricultural
Research organization (EARO). Both
watersheds represent the high rainfall
areas of the central parts of the country.

From the project, some encourag-
ing results have been achieved, espe-
cially in the areas of safe disposal of
surplus moisture from the farmland and
recovery of vegetation. Particularly at
Chefe Donsa, the Broad Bed Furrow
(BBF) technology is found useful and
farmers have begun using alternate
sowing date for wheat varieties and re-
markable changes have been witnessed
in lentil production in the area. The gap
in yields of lentils grown by farmers
and the research findings is becoming
narrower and farmer’s income is in-
Creasing,

The experience in watershed man-
agement in dry land areas is rather lim-

ited. The East Sh

€Wa Zone Ureay of
Imited works in .
Y In the areas

Agriculture hag |
area, particular] of i
on village-bageq unit of lands.h;udzues
and Dugda Bora Weredas haye recei\:z
priority based op the degree of land
degradation and thej; €conomic imp;.
tance. A total of 17 sites, each haviy
600-1000ha were selected. [ Adamy
Wereda, conservation WOks are bein
done at Enku,

Furfa soloke, Osso,
Kechema, Dabe, Qilinto, Boky and
Didimtu. At Dugda Bora ,  Similar

works are underway, at Dalota Mati,
Widoe Hoje, Jura Raqa and Lube in
case of Dugda Bora woreda. Although
Initial gains are yet to be reported the
conservation works that largely empha-
size terracing, check dams, cut of
drains, area closure, plantation on hil-
sides and trench bunds are already w-
der implementation phase.

Similar work has been done b_)’the
GTZ-LUPO project, Oromia Region,(
Assefa, 2001) in the corridors of three
woredas  of northern shewa, ﬁm:;
which useful alternate land use ‘“‘
farming system have been drawn. Sl(nhtr
lar effort is being under way 1n 0
regions, as well.

4. Constraint in the past

LB d man.
- Inappropriate use of limit

power, resources and timet-
p Mana_gexpent wals n(?bjectivﬁ
wards achieving main
1 jor problem. o
solving major p o B e
- Recommendati ki
tered on solving or al zve potﬂ:
problems, although the oot b bt
tial of the watershed sho
lected. R
’ - Technical/lnstltutl;;?:ted il zzf
elera® " ¢
- Natural and ac¢ sits of 5oy
sion, causing heavy deg?rs, - g?:n
T storage reservs insmlm!
ment 1n s AN, % (lopc‘
Is an e(s
-. h]ﬁlng cultl"/ lC-
farming, S ergrazing * 4 o
proper fallow, oV of Jand 3
ine in degradation dcy.
e ources. in of
watershed resou mcreby’, ;nd’
= Deforestatlon, oodmg
hazards of scason

d
treal® . oo 88
e ?1:::“5 availabili®®
Reso

straints ’(ﬂ

-.nfa(])awb'r
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ious Or unrealistic

it
over-amb be implemented

likely tO

- less
Jan 15
§ucc655fu"y'

. Lack ©
I especially a

funds; Insufficient man-

t the professional
powe

level;
_ Poor coor!

t Or; anization; ‘ '
men- Logw mobility and insufficiently

i taff;
equipped field staft;
: -pIE)ack of data and research for con-
tinuous improvement; ‘

. Poor coordination
multidisciplinary team

These constraints should be devel-
oped at the early planning stage. Water-
shed managers or planners should find
out what resources are or will be avail-

able to realistically mange the water-
shed.

dination among govern-

among

5. Technological considerations

The capacity of present technology
to cope with the major problems, avail-
ablhty of enough professionals or tech-
n;lcmns to handle the work of water-
;r;:] moanagemem, technology transfer
avai]agb';,‘emmem staff to local farmers,

ity of Proper extension, educa-

tl'On and traj -n
. aini .V. 1
g acty ties for farme S

€ Watershed a

tor in Sustainab] Wt A
a

Ment, ¢ Watershed manage-
ExpenencC

Countries sm Many  developing

hOWn
"lar}agement o .lthat watershed
project can 01

: onl
eXpenenCe d Y grow, a

B0, are i

, 5 available
Of hoy 1, o Therefore, the question
techni, percrult and train the needed
iapabilities sfonne! T upgrading the
€ takey, ; Varioug agencies must

O serj i
lous consxderation

conservation
S trained and

Otent;
entialg for Watersheq

e
ey arioug local instity.
fop S0 g etteracwatershed that
T, eh/](;e, & teczr:r?mli(:ation’
ology trans.-

7. Recommendations

To make the watershed manage-
ment successful it is better to begin
with characterization of existing poten-
tials and constraints of the watershed
that help demonstrate & popularize
suitable technologies to the farmers.
Also, this could identify technological
gaps for further research.

There should be active participation
of farmer from the very begging to
implementation & evaluation

There should be well coordinated
multidisciplinary approach

Because of the undergoing spiral of
land degradation and climate changes
at a national scale, food shortage is be-
coming a serious issue, research has to
find an entry points through which it
can justify the usefulness of its existing
improved technologies in the nearby
watershed development programs, as
well as, plan new research areas for
which the gaps are already identified
on priority basis for small scale farm-
ers.

To create awareness on the impor-
tant challenges in watershed among
various disciplines

Care should be taken in use of in-
centive especially for farmer to avoid
dependency

Capacity building in area of water-
shed for farmer (end user) & expertise.
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Water Balance Studies Around Abaya
and Chamo Lake Basins

DR. A.S.N.Murty, AMU, Arba Minch P.0, By 5,

Abstract

Water balance studies were carried out for three stations of AWTI(Arba Minch University campus),Mirab Abayy
and Sille in the lines of Thornthwaite’s book-keeping procedure(1948) using the data of temperature and Precipita-
tion for over 20 years. Potential evapotranspiration and different indices of aridity, humidity and moisture were
worked out to understand the shift of climatic type. Also decennial variation of drought years was worked out for one
representative station (Mirab Abaya) to understand the frequency of different categories of drought years. A large
water deficit of over 280 mm was estimated in all the three stations without having any water surplus in any month in
all the three stations. There is a slight change in climatic type and shift in summer concentration of thermal efficiency
(S.C.T.E) period. The frequency of occurrence of different categories of droughts in Mirab Abaya shows that during

the period 1972-83, eight moderate and one large drought year and during 1984-95, five moderate, one large and three
severe drought years were found.

Key words: Abaya Lake, Water Balance, Thornthwaite’s Method.

Table- 1: Water Balance Of AMU (Region: Snnpre, Zone: Semen Omo)

5 S.No | Item Jao | Feb | Mar | Apr | May [ Jun [ Jul | Au
. £ | Sep | Oct | Nov | Dec | Annwnl
1. Introduction: .| Temp (1°C) 124 [25 |26 [25 |24 [ 23 [ 23 125 T2: T2¢ T3¢ T3¢
‘ - F P.E 97 100 112y |1t [wo [92 [93 [92 96 |98 194 |96 |19
Water is the most important natural i iPWL 25 1a6 |52 ] 144 [ 148 [ 68 [ s1 | 64 |70 | 105 [47 |33 |89
3 . . . 295 | 350 | 419 - = 24
resource and is vital for all life on earth. B AS 0 |0 |o 33 |48 | 24 ‘.5462 .9145 :)20 (l)n (;60 zﬂ
The well being and the development of |2 = 2 10 o [ T8l [57 1570 Jo 3 Jo Jo |-
_ : 25 46 [ 52 [0 100 85|
our society depend on the abundant 8 WS 0 [0 [ 0 0 gz 33 (7)9 (1)0 33 34 :3 0
availability of water. Unfortunately this WD 22 153 16 To To Jo To J3 |26 Jo J4u |6 [

most precious resource is unevenly dis-  Lat: 06°04'N, Long: 37°36'E,  Height (above msl): 1300 m, Region: SNNPRE Field capacity
tributed on the globe. The availability ~ (2sumed) - 200 mm. Period: 1987 - 1996. All values are in millimeters 1, = (W.S/PE)I00=0,
of fresh water in any region depends on L = (WD/PE)I00 =28 37%, 1, =1,-061,=-17.23% S.C.T.E :( Mar, Apr, May) = (23%/

= e : 1191)100 =19.47%, Climatic Type : C Alda' (Dry sub humid with mega thermal main & sub
the precipitation of that region. The type and no adeguate moisture any time of the year).

precipitation of a region mainly de- T .

. . able-2 : Water B 2 A Revion: . Omo,
pends on precipitable water in the at- alance Of Sille (Region: Snnpre, Zone. Semen Onio)
S-No | Item | Jan | Feb [ Mar Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec Annu

10O 12 T2 155 123 {3 [ 1o (& Tt T [0
PE 192 195 [105 [92 |85 |83 [os [o5 o1 |82 |74 |75 |18

mosphere, orography, forest cover and
proximity to the sea coast and many

X P 37 142 |6 760
more other factors. Basing on the pre- APWL | 301 [ 352 335 .m = [:2 2? ?;9 fi‘ El '1“;5 ;:6 . |
cipitation, climate and vegetation types 33 0 [o To 3% (57 |1 Teol32To (o To |0 _L- |
are found. The definition of climate, 0 _to Lo 36 (93 |92 [32 0 o o_Jo

AE 137 [az [e&2 9 T
s : 92 85 83 40
according to Landsberg (1958) is the ws o [0 Jo 0 = 35 ;9 35 705 o To0_ 10

0
composite physical state of the atmo- WD 155 15T e 1o To To To Tie T35 |7 3¢ Lo %
sphere at a specific locality for a spe-  Lai- 03°58'N, Long : 37°33'E, Height (amsl) : 1190 m. Period - 1979 - 1996 Field capacit’
cific interval of time. The action of cli- Z;Z“';::L‘mofrg ’”: values are in millimeters. 1, = 0, 1, =269 %, 1, = - 16.15 %},dsﬁrég}l
mate may not only o biological - 1he,—,:,m1 s,"bagpe— a,,(',j,,fagé"?f,: T}pe : C,B’daf (Dry sub humid meso thermal main @
ganisms like plants and animals which quale molsture any time of the year). J

. . 0 i
respond primarily to temperature and  Table-3 : Water Balance Of Mirab Abaya (Region: Snnpre; Zone: Semen omo) !
precipitation but also on inorganic sub- SNo | Item [ Jun | Feb | Mar Apr [ May [ Jun T Ju | Awg ] Sep [ Ot [ Nov | D22 ] |

u u ug |

o] fanfialalwfio)—

stances like rocks resulting in the evo- L_1T00) [24 |2 [ T3 2 (2 ol |52 2 B+s
lution of land forms and a variety of i :-E 101194 1104 [95 [03 Tas 87 [o1 |87 |88 L84_L B8 ;;5

soil types that control the agriculture of 5 g iga ;2 34_197 106 [76 [74 |69 |69 |56 |46 ;g_,

a place. So there is a need to classify  [5 [as To s L g” 2 = 12 |54 |65 |9 (1)35 ¥ |
climates. It is also understood that there  [6._ [ § S R :: -312 25 [ 47 g _g_ e |
is a shift in climatic type from time to (% TAE %0 | 15 [si To5 Tor oo to—t o555 T4 L8 : !
time even in the same locality. While g' ws 10 10 10 1o To To 1o To To o L0 1tm
the Koppen’s climatic classification . D I8 |9 T50 [0 0 0 |10 |22 |18 [32 |3 L 1

; : : . : : acity
gives basing on vegetation cover in a L9 06°/8'N, Long : 37046/ Height (amsl) : 1260 m, Period : 1972 - 1995 Field “¥C g

-y ; s H : i = %, >
general way, Thomthwaite’s rational (tssumed): 200 mm; Al values are in millimeters.q, = 0, I, = 36.5 %, 1, = i S*

|
the
(Jan.Feb.Mar) = 27.18 % Climar: " main and me8 i
. 5 5 5 o = i g : ) N i main @
climatic classification gives in a finite sub type and no rm’equmeo S:)"’;’lfl'llr!: Biii;nfg},ﬂ' (Sem)l arid meso thermal ,
e year). ‘
|
!
1
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Tuble 5: Yearly Variations At Mirab Abaya

~S$No | YEAR | Ia% | Shift of SCTE Climatic type [ WD | w.s
1 1972 44.2 28.54 (F,M.A) DA'da’ 530 To
1913|263 | 316(FEM) C,Blda’ o
3 1974 ___ﬂm 26.6 (M,A,My) “DB'da’ 29 =
[ 1975|204 | 29.5 (AMy,In) BA'wa' S e
B 1976 | 34.04 | 42.24 (J,F.Mr) BB'wa 349 [ 450
1 1978__| 1012 [ 27.8 (M,AMy) C,Bda’ = g
7 1979 19.6 30.6 (N,D,J) C,B'da' 160 =
8 1980 | 56.6 | 28.55 (J,F.M) DB'da’ & o
9. 1982 | 207 | 34.6 (M,AMy) C,B'da’ TR
0. | 1983 | 1828 | 352 (S,ON) C,B'da’ i o
12, | 1985 | 38.7 | 266 (FM.A) DAda" O
13| 1986 | 63 26.7 (N.DJ) DAda" e
M4 | 1987 | 42.5 | 257 ('y,Ag,S) DA'da! 15
(16| 1989 | 476 | 26 (My,JnJy) DAdaT sio—0
17| 1992 | 62.03 | 28.33 (Ma,Ap,My) | DA'da' T
18 | 1995 | 41.5 | 26.73 (Ja,F,Ma) DA'daT e

sense due to the computational feasibil-
ity and so became popular now. The
purpose of the present study is to know
the frequency of occurrence of
droughts and the shift of climatic types
in the locality of Abaya Lake.

2. Material And Methods:

Temperature and precipitation data
for. three stations of AWTI (Arba
Minch University campus), Mirab
Qbaya and Sille has been obtained
ﬁ:;n ttl_iehResearch gnd Publications of-
e of the Arba M_mch University and
e er balance studies for each year of
ang:?QAbaya and climatic water bal-
iy :h\:/hole oflhc period of 26 years
. €€ stations have been worked

Sing the book-keeping method of

computed and yearly shift of climatic
types have been analyzed. Decennial
variation of drought years has been ex-
amined basing on the march of andity in-
dex to know the frequency and seventy
of drought occurrence at Mirab Abaya
(Thornthwaite and Mather,1955).

3. Results And Discussion:

Tables 1 to 3 shows averaged
monthly values for long period as men-
tioned on the respective table. The val-
ues serially are Temperature (T °Q),
Potential Evapotranspiration (P.E),
Precipitation (P), Accumulated Poten-
tial water loss (APWL), Storage
change (DS), Soil storage (S), Actual
evaporation (AE), Water surplus (WS)
and Water deficit (WD). All the values

Thomnthwa;
waite (194 . : i
for Indjap Slat(' sb)) as worked out are given in millimeters. The field ca-
ions : . .
(1956 and1980). A] Y Subrahmanyam  pacity for all the three stations is as-
’ S 1 s et
of humidjty aridity Oddlfferent indices  sumed as 200 millimeters for computa-
3 an = .
moisture were  tion of water balance.
Tab]
e6: Yearl ;

'y Variati .
W‘wm‘ attons of Water Balance Parameters At Mirab Abaya
o et Ll AN A o e o

m - o

&‘#k-{#&w il Months of occurence
3 313 679 | (mo (mm)
__\‘Tﬁ—.\‘g‘}o*—m___ 679 0
TR DT S8 s o 340 Except Ap My,Dec

975 "ﬁ;sa__r“i__s_sl_—s—ﬂ_ 5 245 Except My to Dec
Tt 274 1618 -—lFN__ 546 except Ma to My and Sept
M e el 260 Surplus utilized in
i o Y 1025 [Tizg T (AR 10 Ocy) (Jan 15 Apr) Nov_Dec Jan
—l1 2% [ 676 p  Dec J
71978 55— 450 (JunJul) | 349 -
| 1975 ‘“LLETI‘-"\ Surplus utilized 1n Aug,s¢p
A g L S N g L T K S5 rcbMu)_{ and Decun
,_9\__‘73?__ 2165 To5—1-056 656 T — 65 Jan,Feb and(May)
101282 T 1g 1 430 0 160
o] 19 .38 T gsg— 430 (Nov,Dec)
gy gy A D) N N I o 361
M98 522l T8gg 150 | 680 Except Apr to Jun,
28 1386 T —T——14 0 178 ;
08 5 s T2 o During My o Sep.
\14‘*42'5_1“2?“\“11‘8?“4%“—-&0;_ o ;52 During Jan to Mar and Dec.
A g LT 7y g AN oy - 7 30 Except Sept
-R\:ME\% 1315 -75—1___‘@__ 0 439 Except My 1o Aug,
%9 1535~ 121 e K 822 All months.
B 99255 [T2g—-225__[ 535 559 Exeept My to Jul,,

Qosst-244 811 T o—t2 3
85 55— 126 T—-S1_ [0 81 Except Ap My and Sep
~~==2_[To1; E 73 o ——— 610 Except Dec
9 m ) 773 Except Apr
503 Except Apr 1o Jul

the
r 8(]) O(tober 2004

In the case of AWTI (Table 1), there
is no water surplus in any month and
there is an annual water deficit of 338
mm on an average. The humidity, arid-
ity and moisture indices respectively
are 0, 28.37% and -17.23%. The ther-
mal efficiency is 119.1 cm and the
Summer Concentration of Thermal Ef-
ficiency (SCTE) occurred during
March to May is 19.47%. Basing on
this the climatic type works out accord-
ing to Thornthwaite as C.A'da' which
means “dry sub humid mega thermal
main and sub type with no adequate
moisture any time of the year”. Figure 1
further indicates that there is a small
soil moisture storage of 81 mm during
the period end of March to end of May
which has been immediately used from
early June to end of August to meet the
requirements of Potential evapotrans-
piration (water need).Thus virtually
from August onwards water deficit
started and continued till March with a
small neutral situation during October.

Similar situation is found in the
case of Sille also (Table 2).The water
deficit ( 302 mm) in Sille is little less
than that of AWTI This may be be-
cause of lesser potential evapotranspi-
ration (1062 mm) as compared to that
of AWTI (1191 mm). Actual evapora-
tion and rainfall are also less in Sille
compared to AWTI. Figure 2 shows the
water balance chart of Sille. Here also
small soil storage (93 mm) which does
not meet the requirement of field ca-
pacity (200 mm) occurred for a brief
period during late March to early June
which was immediately utilized during
late June through August to meet the
potential evaporation requirements.
Later the water deficit started in Sep-
tember which continued till March. It is
interesting to note here the actual
evaporation is equal to the precipitation
(760 mm). The climatic type works out
as CO,B'da’ meaning “Dry sub hum_id
mesothermal with no adequate mois-
ture .
Table 3 shows the water balance of
Mirab Abaya. This station also shows
annual water deficit of 402 mm without
any water surplus at any time of the
year. Here also actual evaporation apd
precipitation are equal (698 mm). Fig-
ure 3 show that only 15 mm has gone
into soil during April and May and has
immediately utilized during June and
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July. Rest of the period from July
through March experiences 2 large wa-
ter deficit. Table 4 indicates the de-
tailed variation of different water bal-
ance terms during the surplus years
1975 and 1976.

Table § clearly indicates the shift of
climatic type and shift of S.C.T.E dur-
ing 1972 to 1995. While the climatic
type is variable during 1972 to 1983, it
remains same (,,'da') from 1984 to
1995. During these 23 years water sur-
plus was found only in two years (1975
and 1976) and in all the rest of the years
significant water deficit was observed
at Mirab Abaya.

Figure 4 shows the decennial varia-
tion of drought years. The categoriza-
tion of droughts followed is as men-
tioned below in table 7 according to
Thomthwaite (1945):

| Catcgory (Departure of L from median value) Drought imtensity
< Yao Modente
Yooy toa Large
owa Scvare
>2 Disastrous

Where |, is Aridity index and o & stendard deviation

’(X—i')’
N

Where X' is medizn end N number of years

According to the above classification,
while during the period 1972-83, moder-
ate droughts are eight times and large
drought is one time occurred whereas
during 1984-95, moderate five, large one
and severe droughts three times occurred
as shown below in Table 8.

Category of drought | 1972-1983

Moderate (< %a) 8 ;9%1”5
Large (#4a too) 1 1

Severe (a to 20) [} 3
Disastrous (>25) [0 0

When this compared with a similar
In'dlan ( tropical) station
Visakhapatnam (17°42'N " and
83°20'E) during the years 1901-1950
the categorization is as sowen below u;
table 9( according to Subrahmanyam,

1956  and Subrahmanyam  and
Subramaniam, 1965):
Moderuie | Disastrous | Toml

This indicates the severity of
' ught'suuation in Abaya Lake re-
gion. Visakhapatnam also has
nual water deficit of 704 mm
any surplus in any part of the
has a large Potential €vapotra

dro

an an-
without
year and
nspiration

of 1666 mm and actual €vaporatigy ;
equal to precipitation (962 mm) lﬂ:
that of Mirab Abaya. Although bog, the
statiops are similar in water balgyg,
when the frequency of droughts i con;
pared, Mirab Abaya is more Prone apg
vigorous than that of Visakhapamam
The reason for this may be due 1o er-
ratic behavior of rainfall at Mirah
Abaya (see table 10).

4. Conclusions:

The droughts are more frequent and
intense in and around the stations of
Abaya Lake. The reason for it is glar-
ingly seen as due to the erratic behavior
of rainfall year after year (as shownin
table 10 through coefficient of rainfall
variability and rainfall ratio) though the
Potential evapotranspiration (PET,
1100 mm) is not very high compared o
a similar tropical station
(Visakhapatnam) of a different country
(India) where PET is higher (1666 mm)
but the rainfall is by and large uniform
year to year.

5. Acknowledgements:

The author wishes to express b
deep sense of gratitude to the AcE
President, A.M.U in general and toﬂlbﬂ
Coordinator, Research & Publications
Division of A.M.U, in particulas
providing the facilities and data IeSP‘"
tively for carrying out this small piect
of research work.

6. References:
Landsberg, H.E., (1958): Physice cimat*
ogy, Gray Printing Co., Du Bois-

Subrahmanyam, V.P., (1956):
of India according to the rational cl
Thomthwaite, Indian.Jour.Met
Vol.7, No.3, pp253-264. :

Subrahmanyam, ye . gics
Subramaniam., (1965): Some chaﬁ‘“":n
frequencies of occurrence of drovght®
climate zones of India. Bull- [nlcmal-l
Hydrol, (UGG), X & Aanee, N3 #%°

Thomnthwaite, C-W- (1948) M &
toward a rational classification of clim®
Rev. Vol.38, No.1, pp 55-94. [hd--(l

Thomnthwaite, C.W and J'RAN-“ li
The water balance. Publicatio™ 2 vl pol
Lab of climatology, Centert®” :

pp 104

climac
assiﬁclﬁ g
& &

AR

BL

Gener ated by CantScanner fromintsig.com

B“\xm._i

NSO



challenges in Management of Shared
Water Resources: Case Studies from the
southern Region

Abstract

Alemayehu Alitto , Water Resources

Development Bureau (SNNRPS),

PO.Box 641

Water is an important natural resource to sustain life. It is a major development element to reduce overty and t
attain food security objectives. However, with continuing population growth, recurrent drought and cﬁmate t:.hange0
]

water sC

arcity will be a major challenge. Therefore, management of shared water resources is of significant impor

tance to reduce and avoid disputes and conflicts that are triggered by the use of available water resources
In addition., there is lack of unde_rslanding of policy principles and their application in a decentralized environ-
ment. The key issues that are treated in this paper include: basic policy principles, legal basis and case studies from the

region fo

r the purpose of illustration of the challenge. Finally, although in-depth study was not conducted , policy

recommendations are forwarded in relation to the case studies and water resources management in the Ethiopian

context.

1. Introduction

Water is a vital natural resource for
countries like Ethiopia where food se-
curity is a challenge due to recurrent
drought and climate change. Further
more, it is expected that in the ensuing
Years water scarcity is becoming a seri-
ous problem as the population contin-
ues to grow and exert increasing pres-
sure on the available water resources
(especially during the long spell of dry
§Easogs and at times of drought). This
":::rslfm competition among various
e tryses (drinking water, irrigation,
- Ir:zaeui)' and water users and
flicts overﬁh:fgﬂ disputes and con-

Inligh of(hsi: (')tf 'water. '

Bear towards cre o) ess_entlal l'o
romment gy, | ating an enabling envi-
Management mlegratg.:d water resource
c"mmmities,f Capacitating the local

or resolution of conflicts

ased op
communitv ; "
Centralizeq unity interests in a de-

emphaSiS 0

for sustaing
ment Of wa

n slak.eholder participation

tble utilization and manage-
g r:’.errn:sources.

Hly a1 ]_SCUSS,' therefore, ajms prima-

oy Ing the basic principles

of Integrated Water Re-

S 1) eﬂgemeqt, Policy and legal

o to utilization and man-

. c::;; Tesources. It also de-

gir:;?s, alionali?iz sc::;l;cts in South

late tq i ustrate ho??:frsxﬂ}it:

Wate

.

arose and negotiations were employed to
protect water rights to the stakeholders.

2. Principles of Integrated

Water Resources Management

Integrated Water Resources Man-
agement (IWRM) should be the foun-
dation for supporting the management
of shared river basins. IWRM is a com-
prehensive approach to water manage-
ment that takes into account different
types of water combining both quanti-
tative and qualitative aspects. It also
offers platform for managing actual
and potential conflicts among various
interests and users ( households, agri-
culture, navigation, etc)

In fact , the concept of integrated
water resource management i based
on the principles enunciated by the
Dublin Conference on Water and Envi-
ronment ( ICWE, 1992) , the famous
agenda 21 of the Earth Summit in Rio
de Janerio ( UNCED, 1992). The main
principles and associated concepts are
shown as follows.

Box 1: Dublin Principles and
Associated Concepts

Dublin Principles

& Water is finite, vulnerable and es-
sential resource, which should be man-
aged in an integrated manner.

< Water resources development and
management should be based on a par-

A
e “uL vu Uy A TN RRE S VAR R AYY | LI |

ticipatory approach, involving all rel-
evant stakeholders
< Women play a central role in the
provision, management and safeguard-
ing of water
< Water has an economic value and
should be recognized as an economic
good, taking into account affordability
and equity criteria.
Associated Key Concepts
< Integrated water resources manage-
ment implying:
- An intersectoral approach
- Representation of all stakeholders
- All physical aspects of the water
resources
- Sustainability and environmental
considerations

& Sustainable development: sound
s0cio-economic development that safe-

guards the resource base for future gen-

erations '
< Emphasis on demand driven and

demand oriented approaches
& Decision making at the lowest ap-

propriate level

Box 2: Agenda 21 ’
Dublin principles formed the basis
of Chapter 18 ( on fresh water T€-
sources) of the Earth Summit’s key dis-
cussion document, Agenda 21. Chapter
18 identified seven focus areas for ac-
tion, These are:
< Ensure the integrated management
and development of water resources
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& Assess water quality, supply and
demand ;

< Protect water resource quality and
aquatic eco-system

% Improve drinking water supply and
sanitation

< Ensure sustainable water supply
and use for cities

< Manage water resources for sus-
tainable food production and develop-
ment

3. Policy and Legal Implications

3.1 Institutional Framework
The institutional framework rests
on the foundation of diagnostic studies
(information on  socio-economic,
physical and performance characteris-
tics of the basin) and supported by
three pillars of key institutional areas.
Therefore, water management institu-
tions are categorized into three main
components, viz, water policies, water
laws ( legal aspects) and water admin-
istrations ( procedures and organiza-
tions for management of water re-
sources). Policy and legal components
of institutional framework are further
described as follows.

Box 3: Policy and Legal
Components of Institutional
Framework

Water Policy

*  Use priority
Project selection criteria

) Pricing and cost recovery
Water allocation and transfers
User participation

. Linkages with other economic
Policies

Water Law
i Legal coverage of water and
related resources
, Water rights
. Provisions for conflict
resolution
Provisions for accountability
Scope for public/private
sector participation
Integrated natural resources
management
" Integration of overall legal
framework with water law
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3.2 Policy Issues ;
The Ethiopian Water Resources

Management Policy has been 'cndorscd
by the Council of Ministers in (1999/
2000). The Ethiopian Water Rf:somcgs
Policy addresses water sector issues 1n
a coniprehensive and integrated frar.ne-
work consisting of studies, plmg,
development, conservation, protection
& control of elements of various and
inter connected uses of water in a holis-
tic domain, 1.e., known as Integrated
Water Resources Management.

Fundamental policy principles

The following fundamental policy
principles are stated in relation to sus-
tainable development & efficient man-
agement of water resources.

The major ones, inter alia, include:

< Water is a natural endowment
commonly owned by all peoples of
Ethiopia

+*+ Ethiopian citizens shall have access
to sufficient water of acceptable quality
to satisfy basic human needs. This
means in water allocation and appor-
tionment, recognize the basic minimum
requirement for human and livestock as
well as environment. This implies that
water allocation gives the highest prior-
ity to water supply and sanitation

< Water is both an economic and so-
cial good

¢ Water resources development
should be based on rural centered, de-
centralized management and participa-
tory approaches. This focuses on pro-
moting decentralized management, fos-
t<.:r the participation of user communi-
ties and support community self-initia-
tives in water resources management

Socile equity, system reliability
and sustainability

3.3 Legal Implications

The umbrella laws with regard to
the management of natural resources in
gen_eral and water resources in particu-
lfir In the country include: the Constitu-

tions both at Federa] and Regional lev-

el oy
Ms and the Ethiopian Water Resources

anagement Proclamation
33.1 The Constitutions

€ constitution, being the su
reme
law of the Federal Democratic I{P;pub-

lic of Ethiqpia, prov.id_es the ﬁa‘ne%rk
for all national policies, laws and g4,
ministrative systems of the coyy
The Cot}sﬁmtion has several proy;.
sions' which has policy, legal anq orga.
nizational matters for the Managemens
of natural resources in general ang Wa-
ter resource management in particyly;

With regard to the management of
natural resources ( including water re.
sources ) and the protection of the eny;.
ronment the responsibilities of the Feq.
eral Government and the Regjonal
States are clearly provided in the Cop-
stitution. The Federal Government js
vested with the responsibility of formu-
lating the national policies, strategies,
define and enact laws of utilization and
conservation of land and natural re-
sources( Article 51:2,5,) and it shall de-
termine and administer the utilization
of the waters or rivers and lakes linking
two or more States or crossing the
boundaries of the national territorial ju-
risdiction (Article 51:11). Regional
states are given the responsibility of
administering land and other natural re-
sources in accordance with the Federal
Laws (Article 52:2(d))

Likewise, the States have given t0
formulate and execute economic, 5o-
cial and development policies, strate-
gies and plans of the State and to enact
and execute the State Constitution &
other laws (Article 52: 2 (c). Moreoveh
according to , for instance the Revi®
Constitution, 2001 of the Southern N
tions, Nationalities and Peoples be
gional State under Article 47:2(2, “;
the state has the powers 0 fOTm‘:{:gy
and execute Regional policy, stra ey
and plan with respect t0 economic®
social development and _'ssqcnan
implement the State’s Constifuti®
other regional laws.

amation
97/2000)

3.3.2 Ethiopian Wate
Management Procl
(Proclamation no- 1

of

(a)Ownership and managem*”"
ter resources the counfﬂ'

All water resources of the Fi
are the common property © cle 5.
pian people and the Stat° ¢ aspect o
regards to the mﬂm_g‘_’men shall h";
though Ethiopian CitizZe® °  con®
access to sufficient watef el pec®
quality to satisfy basi

r
water 8(1) OctoD?

Gener ated by CantScanner fromintsig.com

<



the management of water resourcgs of
Ethiopia shall be in accordance witp a
permit system (article 6:4). Moreover,
domestic use of water shall have prior-
ity over all other uses (article 7:1).
These articles generally imply the state
has a major role in management and
protection of water resources

Accordingly, it is clear]
that the Ministry of Water
shall be responsible for the
management, utilization and
of water resources (article
shall determine the allocation ang man-
ner of use of water resources among
various uses and users (8:1:¢), Besides,
Regional Water Bureaus 3

y defined
Resourceg
planning
Protection
8:1) and it

(b) Right to use water Iesourceg
Aheright to yge Water resourceg for
Vanous actjy; T€S permits (ar-
ticle 11:1), Nevenheless, there are wa-
ter uses for Wwhich it jg not necessary to
Obtain licenseg (article 12). These are
om hand-dug wells and yse
_ 10nal Irrigation,
ning, for traditiona] animal
well ag water mil|s.

ties requi

(c) Settlemem of Disputes
Wateyﬁ}:{ SUpervisory body (Ministry of
ining an(@jsom_ce;) 1s Mmandate( tq €Xam-
S ECiding op, disputes between
PEtmit 1, and thjy

Sl € settlement 1s
80otiatigng and arbitrations

roc] i
Thie® Amatjgy, No. 4/1995

tion of lcs, y Proclamatigy, for Defini-
€Cutiye Wers uties of the Ex-
thig Droclargan.s of the FDRE. Unde,
ter % a l_on, the Ministry of Wa-
dete \rces ‘S. Vested With Powers to
Quireqy Nditiong and methggs Te-
Utilizg, © OPtimyp, allocation ang
lies b Water that

Gove

e OWs across or
e ::e than gpe Regional

im ! ong varj

S &,mcle o TIous uses ang

: -

3 at

Pq) r €Sourceg Management

Toclamatigp (197/
Ratiny - Oundatj

+ Mang on for Planning,
Tesoure coment ang Protection
es. OWever, there are

limitations in j .
Lr“plernr:ntano
the fact that the g d_ue to

Capaci of :
of Resources t ¥ olithe Minis

: d Water Resources

Weito river 1S a perennijal river
found ip the Abaya-Chamg. Chew
Bahir sub by i

an annual rainfa|] of

the mean annua] flow of Weito river is
about 380 million cubic meter,

The low land plain of Weito catch-
MENt covers an area of about 300sq.
km. with slope gradient of 5°. The an-
nual rainfall in the low-lying plains var-
ies from 300mm near Chew Bahir to
S50mm in the northern part of the
plain. It has a bimodal pattern with the
main rains occurring during the periods
of March to May and September to Oc-
tober the maximum being in April.

Weito river is characterized by very
high flow during the rainy seasons and
the discharge decreases during dry. sea-
sons. Sometimes, the river is experienc-
ing no flow in the lowland plains, which
1s mainly due to the continued expan-
sion of the Private irrigated fmand,
and decrease in seasonal rainfall in the
area. Therefore, the availability of water
resources is a critical element for irmga-
tion development since the catchme!_lfs-
receives less than 800mm amui ‘:‘;‘n
fall, frequent occurrences of | ‘oa\gﬂe
and storage requirements for lrhr:'x%ents
land of about 5000ha in the catc -

about 650mm and

4.1.2 Disputes between the falrmers
and Birale Agricultura
Development PLC o
The catchments has a p()ort(;:ﬁr o
irrigable land which ranges l:nce o
5000-10000 ha (Reconnaiss

main canal wag designed and cop-
structed in 1998 by Co-SAERSAR ata
point about 450m upstream of Bijrale
Diversion Weir, In addition, even
though there is immens

€ potential for
irrigation, Tsemay communities are
mainly dependent on livestock Tearing.

Birale PLC, on the other hand, had
started construction of storage pond
with a capacity of 10million cubic
meters that enables to increase the
irrigable land by 400ha. Moreover,
pumped irrigation system was designed
and constructed in 2001 by CO-
SAERSAR at Erbore to irrigate an area
of 100ha. Thus, the beneﬁciaﬁes are
dependent on Weito river in terms of
four aspects: first, those who are clos.e

i irale PLC and uti-
to the main canal of Birale : ,
lizing water from their adjacent cana
(Enchete Duma PAs), secox(lidl)’, ﬂ:;:;
- t deman
producing ST Eu dlizing the
to produce twice a year by u il
river ( Tsemay Commumﬂes)' ressio);
those cultivating using ﬂooi;ngut %
: iny sea .
farming after the rainy eales irfigatiot
manding for small ¢ ly depen-
rect and finally, those purely :
projec > tion arc also qQUES
dent on cattle cultivation il e
tioning the basic requirement
i
. : d the
cangie to the decrease in ﬂ-(::lsmf:)r the
B i
dry up of the ver ";fggﬁ about con-
m users d agro-
dgwnstrca the Birale PIC an (%mo
o betweﬂz]o PAs from South .
lists hete Dun
B ek cluding Tsemay, En¢ oya conv
Zone 1n s (l\des
and farmerS TV E L eda
and Erbore) anc nso Special
munities from Ko
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residing along the river.

4.1.3 Conflict management

Conflict management is an impor-
tant water management activity in re-
solving the aforementioned disputes
among the Weito users. In this regard,
basically three major points were con-
sidered. These are:

Creating an enabling environment

The regional government to play a
catalytic role formed a committee from
relevant organizations such as Water
Resource Development Bureau, Bu-
reau of Agriculture, Irrigation Author-
ity, Cooperatives Bureau, and Repre-
sentatives from Konso special woreda
and South Omo zone. The role of this
committee was by facilitating and cre-

ating an enabling environment for con-
flict resolution gives direction on the
use of Weito river and capacitates the
communities. In addition, it creates a
forum for negotiations and confidence
building among users.

Institutionalizing conflict resolution

It has been internationally accepted
that the user communities manage
natural resources best if the indigenous
management systems are recognized
and given institutional support. There-
fore, discussion were made among
community elder groups, community
leaders, woreda administration, profes-
sionals from different organizations
and levels and officials from Birale Plc.
After the discussion, 2 or 3 representa-

Weito
Catchment

Figure 1: Location map of Weito River
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tives were elected from e
; ach copy,
nity elder groups to be 3 ma:b:o #
Water User Committee "ot

; to OVersee
monitor proper allocation and yg
Water among users, i.e the cq 4

and Birale Plc employing cyst,

ter use rights of the local conm,m'ﬁﬁ%

‘Water use and allocatipp
Birale Agricultural Develop
Plc was licensed to irrigate 40(;](1);.:
However, only 2500 ha was irrigate(i

once a year from August to Jap
Based on the local institution, the yserg
agreed to use the water on periodicy]
basis. Accordingly, Birale Plc was sup-
Posed to use from June to November Jf
it needs to cultivate in other periods of
the year, storage pond was suggested ty
use for drier periods. Mesoya and
Tsemay communities allowed using
from March to June. In doing so, there
will be excess water that flows to
downstream users especially to Erbore
communities. Nevertheless, when there
is no shortage of water, they agreed to
cultivate at any time of the year.

Therefore, since currently Birale
Plc is not operating at its full capacity
because of other reasons, there is 00
conflicting situation in the catchments. -
However, because of the interest of
other private investors in the ared, _‘h"
need for expansion of Birale imgato®
project and the increase in awarei
of the communities to sedentary i
and irrigated agriculture, there isape
tential for future conflict.

4.2 Conflict Over the Use of Keflo
Spring
4.2.1 General Overview .
The source of Keffo sprisg 3
cated in Bonga kebele of 0
woreda in Kembeta Tembar Zogewbc
the yield of the spring is S "y
4.5 Usecond during the dry seaS_: ;
used both for drinking and ai‘; source
purposes for communities at i
as well as tail end users: TB ™ s
clude communities from Boogh s
and Laloamo kebeles O egids
Woreda and Megare kebele (;(,mbﬂ“'
Gamela woreda fro® and Hof?
Tembaro zone and Hi!kOfOfoedB fo”
kebeles of Shashogo ngriopia“ so;
Hadiya zone. HoweveP b cvclopmcn
cial Rehabilitation 4%

J/

¢
water 8(1) 0o’
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Table I: PhySlC

1 and Socio-economic characteristics of irrigation projects in
al an

M”.@ﬁ Imigation Projects
[tem Biralc Plc Mesoya Erbore

"-—-‘—-—_———

Construction. | 191 1984 (FAO) 1998 (CO-SAERSAR)
Year 0
Nature of SruEture Diversion Weir Weir Pumped brigation Sch.

a

Service Area >2500 ha 254 ha 100ha
No. HH bencficiaries | >500 480 924
Rehabilitation and | pond (1998) 10mem | Intake structure (1998) | -
Expangion 1o irrigate 400ha

Fund have signed financial support
agreement to develop Kefo spring with
Bonga kebele communities, Develop-
ment Associations and Woreda Admin-
istration in 1993EC.

2.2.2 Cause of the Conflict
A study has been conducted to de-
velop Kefo spring for drinking water
§upply purpose for communitics hiving
In Kembata-Tembaro zone.
Social Rehabilitation and De
Fund (ESRDF) financially
the project and the constru

stanc'd in 1994 E C. The construction
Was interry

: pted because of the claim
dr_om the dovyn Stream users fearing that
1scharge wi) decrease which will not

Lthiopian
velopment
supported
ction was

Table ;-
D;‘scha‘ Monthy, Hydromeiric
rge of Weiro River (m'/sec)
o T T
M Max | g Av.
[P ey
}
Feb::?,y 7591 403 | 595
Mane: o6 | am | o
e 510 | o075 [ 4
i 8820 | 0,94 | 2577
i 19370 | 23.40 | 5580
Tuly 4050 | 6aq 15.38
s o 1470 | 209 | g
. 240 | Yoo | §O3
Octghes 1830 | 234 | g9
ov L cl AR -
Sember | 2200 | g | (83
\Q 033 | Ygs
Sou,-
ce: ¢,
Sty OSAERSAR. 12
I)n:[fv "epors 'rbr.SAR. l'eflSl'l)Hity
jeey, l9gg O Irrigatioy,

Way,
F 8¢ 1) O(tober 2004

be sufficient for their use especially
during the dry season.

After several negotiations made
with the community representatives,
the pipe laying (90 per cent of the
7.5km), eight water points and reser-
voir construction is completed but
Spring capping structure, electrome-
chanical installation and power house
remained uncompleted since then. This
is because the communities along the
strcam and those tail end users started
to dispute over the unfair use of the
spring water (it was only benefiting up-
stream user and affecting the down
strcam users). As a result, pipes were
dismantled by the communities, 75 cu-
bic meter reservoir started cracking
since it was not filled with water for a
long time and it was not able to hand
over the project to the community.

2.2.3 Conflict Resolution

The Regional Water Resources De-
velopment Bureau as regulatory and fa-
cilitating organ created a forum for ne-
gotiation and discussion among user
community representatives, ESRDF,
Zonal Water Desks from Kembat-
Tembaro and Hadiya zones and techni-
cal and managerial staffs from the Bu-
reau. After long discussion, the com-
munity representatives from the both
advantaged and affected communities
agreed that:
< To assess for other water supply
sources
“* 4.5km. cxtension of the existing
water supply system for Bonga, parts of
Hanja and Aturancho villages, and
*** to pump the water (2.5)/s discharge )
for cight hours per day or so and to

avail water for four hours in the water
points and hence there will be continu-
ous flow for the down stream users

Based on these ideas brought by the
communities, after assessing the water
resources of the area, a new water sup-
ply project was designed consisting of
drilling of six shallow wells fitted with
hand pumps and construction of distri-
bution network including 50 mcu reser-
voir, about 9km pipe line work, seven
water points, five cattle troughs and six
washing basins with a total cost of Birr
1.6 million. This is planned to be imple-
mented in 1997FY and hoped to re-
solve the conflict.

5. Summary and Conclusions

This paper is a result of review and
study of available documents and
records. Besides, interviews and dis-
cussions were the techniques employed
for data and information gathering and
analysis. Therefore, it is not a detail
study and hence its scope is very lim-
ited to address ownership and manage-
ment of water resources in Ethiopia and
the cases of conflict and disputes in
Weito river and Keflo spring. However,
1t will offer an introductory explanation
about policy and legal frameworks for
water resources management and the
nature and causes of disputes over wa-
ter uses in the region. It is a means to
discuss our lessons and to stimulate
ideas in sharing experiences from inter-
national as well as national levels.

Bearing in mind the incompleteness
of the study in technical terms, the fol-
lowing conclusions were made from
this shallow study:

1. Even though the country has well
articulated Water Resources Manage-
ment Policy (2000) and Water Re-
sources Act (197/2000), as a result of
deficiencies and weaknesses from in-
stitutional and legal framework, there
is a clarity problem regarding the plan-
ning and management of water re-
sources and how water resources are
allocated and rights for use are appli-
cable both formally and informall.y.

2. The waler resource polcn!ml'of
Weito specifically and other sub-basins
is not identified in detail and hence ca-
pacity dcvclopm.cnl for resource ;‘nos;;
sessment, collection and disseminati
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of data and information for water re-
sources planning, development, alloca-
tion and management is a key chal-
lenge. Thus, a research on development
of management modalities and tools as
well as water resources allocation
mechanisms is of critical importance.

3. Since water is a scarce resource,
disputes about water allocation and uti-
lization contributes to conflicts within
a catchments, sub-basin and basin at
national and international level. There
are many principles developed at inter-
national level which are not easy to ap-
ply for shared river basins due to their
inconsistencies and limitations to prac-
tical applications. Thus, it is very es-
sential to develop water allocation
mechanisms and conflict management
systems based on research and devel-
opment of local initiatives.

4. The policy mentions decentral-
ized water resources management.
However, in practice it is far from
implementation due to legal constraints
and the internalization of the impor-
tance of decentralization of water re-
sources management 1s another major
challenge. As a result, the mandates
and responsibilities at Federal, Re-
gional and community level should be
clearly stated to improve the hitherto
existing water management and poten-
tial conflicts through decentralized ini-
tiatives.

5. Disputes were mediated and arbi-
trations were made with the involve-
ment of either elder groups or commu-
nity leaders and hence informal mecha-
nisms are used for conflict resolution.
This is one of the successful ap-
proaches and internationally accepted
notions. In the informal process, there
are levels of decision making where
conflicts are not settled at community
level, referral system was established
when the intervention of formal institu-
tions is required (Shuka, A, et al,
1997). This was the case both in Weito
and Keffo spring. Therefore, it is
highly essential to capacitate and insti-
tutionalize the indigenous management
systems and local communities in terms
of conflict resolution,

6. Finally, as a concluding remark. |
will pose a question, Are we going to
manage water resources and conflicts
arising from its utilization in a central-
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ized and bureaucratic approach or en-
hance the community (local) capacity
for joint management of shared water
resources and replication of best expe-
riences and process elsewhere in th_e
country and scaling up of the local ini-
tiatives to the management of interna-
tional water courses?
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The Identification Of Wetlands Using
Landsat Etm Data Case Study: The Rift
Valley Lakes Region

1.Introduction

1.1 Location

As per Landsat ETM’s World Ref-
erence System (WRS), the study arca is
within the 168 Path and 055 Row. The
geodetic bounding coordinates is j = 6°
50°55” Nto 7° 50° 35" N and 1 = 38°
15'45” E to 38° 40’ 50" E.

Wetlands are often difficult to de-
fine. In scientific literatures, the defini-
tions are so many, even some cf them are
bizarre. By and large, wetlands have
unique and conspicuous identities.

+ Wetlands have poor drainage;

* The soil types within wetlands are
seasonally or permanently under field
capacity and are necessarily hydric.

* The vegetation types within wet-
lands are hydrophylous;

* The fauna are adapted to living un-
der wet conditions:

* Their spatial extent and water lev-
els fluctuate from season to season.

A wetland is a typical ecosystem.
The plants, animals, soil, water, the mi-
Cro-organisms etc., in a wetland are de-
pendent on each other and are linked to
one another. If one of he components
were affected by an external impact, it
Imparts an adverse effect to the other
components.

.In relation to the definition rarified
during the Ramsar’s convention (Syria,
1971), in Article 1.1 “wetlands are ar-
sjl:et(})i marsh, fen, pgatland or water,
- temr natural or.artlﬁcial, permanent
brackisiorary’ statlc. or flowing, fresh,
St wa(zf salty, including areas of
tide o, er the depth of which at low

not exceed sis meters” . On

to :
suigl’::tr}rl)ls’ the convention in Article 2.1
ents that, “wetland i
. > s ma =
Porate Tiparian ap y Incor
cent to wellaﬂds,
© marine water d

atlow tige lying

d coastal zones adja-
and islands or bodies
eeper than six meters
within wetlands”.

w
atey LIS October 2004

1.2 Classification of Wetlands

Wetlands are classified base on
three preset criteria, namely genesis,
spatial distribution and biological and
physical characteristics. Based on their
genesis, wetlands are classified into
natural and anthropogenic (man made).
Though their spatial extent is limited,
man-made wetlands include fish and
shrimp ponds, farm ponds, irrigated
lands, salt pans, reservoirs, factory
waste disposals, gravel pits, sewage
farms and canals.

If their spatial distribution were
considered, wetlands are classified in
to coastal and inland. In relation to their
specific characteristics, wetlands are
classified tin coastal lagoons, marsh-
land, alluvial fans, delta, lakes, estuar-
ies and peat bogs. “The Ramsar con-
vention on wetland classification has
thirty wetland categories based on their
basic biological and physical character-
istics” (Hughes, 1994). According to
the comments given by ( Hughes,
1994) “the classification of wetlands
by Dugan is one of the most straight
forward .and includes seven basic land-
scape units”.

estuaries;

open coasts;

flood plains;

fresh water marshes;
lakes;

peatland;

swamp forests.

Noauvswn -~

1.1 The Importance of Wetlands

The importance of wetlands may be
viewed in terms of their functions, val-
ues and attributes.

1.3.1 The different ecosystem compo-
nents i.e., water, soil, plant, animals,
micro-organisms, physical, “chemical
and biological interactions have en-
abled to perform the following vital
functions.

ATV AL LU
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Gezahegne Gebremeskel
P.O.Box 597, Addis Abeba

+ Wetlands increase the infiltration
of water in to soil, thus act as ‘surface
detention’. Because of this, wetlands
reduce flooding. On the other hand, the
seepage in due course of time would
increase groundwater levels.

- Wetlands prevent soil erosion.
Wetlands interception plays a very sig-
nificant role in reducing the rate of ero-
sion. As flash flood or rivers encounter
wetlands, its velocity dissipates. As a
result, it would precipitate the sediment
it has transported.

- Help to purify water and so keep
wetlands and rivers clean. Some coun-
tries like the U .S.A and some Euro-
pean countries are beginning to create
artificial wetlands to deal with water
pollution problems.’India, everyday
176 million gallon of sewage is
pumped in to a wetland a few kilome-
ters east of the city of Calcutta. Within
10 days, this waste water is trans-
formed in to clean water that can be
used for irrigation, stock watering and
fish farming” (Hughes, 2000).

« Wetlands remove or neutralize the
effect of toxic chemicals. Phosphate,
nitrogen, sodium, chloride, calcium,
magnesium, potassium etc., are some
of the chemicals which are present in
wetlands. If their level of presence is
above the permissible dose of concen-
tration, they would become toxic. Wet-
land plants more than other forms of
plants are capable of removing toxic
chemicals from water and use them for
their growth. Wetland vegetation are
also capable of removing heavy metals
like mercury which are very toxic. Over
and above this, they are able to kill
pathogens.

- Wetlands stabilize the micro-cli-
matic conditions of adjacent lax.xds, es-
pecially temperature and humidity.
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- Wetlands serve as water storage,
storm protection, thus stabilize shore-

line.

- They play pivotal role in ground-
water recharge and discharge.

2.2.2 The Values of Wetlands

Wetlands have appreciable values.
This may be in terms of fulfilling man’s
basic requirements or for his economic
activities etc. To site example, some of
the most important values of wetlands
are itemized as follows.

* Provision of potable water for hu-
man need including stock watering.

Wetlands are among he most
productive environments of the world.
Because of this, they are one of the cen-
ters of biodiversity. So long they pro-
vide water for primary production,
quite a large variety of plant and ani-
mals species depend on them for their
survival. For instance, Zestuaries are
among the most productive systems of
the world. The reason for this is due to
the physical and chemical energy subsi-
dies” (Goldman, 1983). According to
some oceanographers estimations, 2the
mean net primary production of estuar-
les accounts for about 810 g per m? per
year ( Safyanov, 1987). Wetlands are
habitats for birds, mammals, reptiles,
amphibians, fish and invertebrate spe-
cies. It is estirated that 2 of the 20 000
species of fish the world, more than
40% live in fresh water. Over 2/3 of
world’s fish harvest is linked to the so-
called coastal upwelling zones and in-
land wetlands ” ( Barbier, 2004).

- Wetlands offer vital raw materials
for industries. For instance, from soda
lakes, sodium hydrocarbonate and so-
dium sesqauicarbonate sometimes also
called as ‘trona’ or soda ash ( NaHCOJ.
Na CO,.2H,0) is extracted for the pro-
duction of liquid or solid caustic soda.

- Wetlands are world’s major arable
lands. For one’s recollection, ‘the fertile
crescent’(Mesopotamia0 in history used
to be wetlands. Paddy rice, sugarcane
are important commercial crops grown
in wetlands. The same is true of Jutes.

- Peat bogs extracted from wetlands
are energy sources for domestic con-
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sumptions.

- Wetlands are vital transportation
media and recreational centers.

2.2.2 Attributes of Wetlands

Wetlands have special attributes
which may be viewed interms of aes-
thetic, culture, religious etc. The fol-
lowing are some of the salient at-
tributes of wetlands.

- In areas fringing lakes are used for
ritual practices. For instance, the
Oromo ethnic groups in Ethiopia have
been exercising a ritual called
Erefecha’. Analogous ritual like bap-
tism is being practiced by orthodox be-
lievers.

* Wetland are sources of aesthetic
inspiration.

* Wetlands provide wildlife sanctu-
aries.

- Wetlands are excellent tourist at-
traction centers. Besides, crocodile
farming for their leather and meat, in
some countries in East African Rift
Valley Lakes has been an important for-
eign currency generating centers.

3. Objective

The study peers achieving the fol-
lowing two principal objectives.

1. Through raster based image
analysis, the identification of wetlands.

2. To instill the technical approaches
so that, limnologists, hydrologists, envi-
ronmentalist, agronomists can emulate
the techniques to identify the potential
Ramsar sites of the country,

4 Methods And Technical

Approaches Persuaded

1.1 Image Processing

The image processing part of the
activity may be tasseled in to data ac-
quisition, image processing, informa-
tion extraction and presentation.

3.1.1 Data Acquisition

The provision of tenable data from
the visible up to the farinfrared ( ther-
mal) regions of the electromagnetic

b

spectrum is one of the strq

Landsat sensors. In view orfl‘%ﬁjs: ajls; o
vantage, Landsat ETM’s sensor ;lue
was a preference in the study, I“iﬁalalh
care must be taken not ¢ vauiry'
Landsat ETM Imageries of Jan e
end of Decembe:: or beginning of Felp
ruary. January is the mong, durip

which the sun becomes nearer to th,
earth. To nullify the tethering effeqy of
the sun’s gravitational pull, the earth
would speed up its axial Totation for
gaining more centrifugal force. The
later creates satellite perturbation ang
the subsequent systematic error which
is reflected in the data scanned by the
satellite. Moreover, preference was ‘
made not to acquire cloud tinted, hazy
and straked images which are the usual
noises in satellite images.

The acquired Landsat ETM data
was previewed and was found to be
noise free. Though a Geocoded data, it
was geo-referenced by first order poly-
nomial transformation and bilinear
resampling using twelve Ground Con-
trol Points i.e., tie points evenly distrib-
uted throughout the image. The geo-
referencing was ultimately accom-
plished by specifying the projection
type (UTM) , spheroid ( Clark 1880),
the datum ( Adindan Ethiopia) and the
zone (37N) with RMS error (Root
Mean Square Error) of 0.03 pixels.

2.2.2 Image Processing

Image ratio technique was chosen
for three types of indicators, namely the
wetness, brightness and areal greed
biomass. The three indicators would
create a contrast of features so that
subtle differences can be identified.

2.2.2.1 The Wetness Indicator
For the purpose, an absorptiv
is essential. As a matter of fact, water
an asymmetric top (rotor) molect¢
pyramidal molecular struCWe’m“p %
it different moments of inertia :;1 its :or
tational motion. All asymmetrc rc'be.
molecules have an absorptive ban(?,m-
cause of this, water absorbs the map.
red region of the spectrum, thusfca_
pears dark against the neighborlﬂf ol
tures. Therefore, in the image ¢ Cn've
tion, Landsat ETM band 4 ( rt:ﬂccwct-
infrared) band was loaded. Th: ing
ness indicator is given by the follo

formula.

¢ band

004
water 8(1) October :
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Plate (1) Wetlands
(x4-x3)/(x4+x3+0.01)
Where:

X4 and x3 = Landsat ETM bands:

1.01 =is a constant added to avoid
mathematical error when all the inputs
are zero.

The- output of the wetness indicator is
exhibited in (Plate 1).

2.2.2.1 The Brightness Indicators

Is the sum of the input bands i.e.,
band 3, band 4 and band 5. The output
of the image delineates bright areas
from wetlands and vegetated areas. The

b'ighhless 1S give :
n by
f. l ' g LhC fcnllowmg

(X3 +x4+x5)

__ THE BRIGH
AR PR

in the Lakes region

Where, x3, x4 and x5 are Landsat
ETM spectral bands.
The output of the brightness indicator
1s exhibited in (Plate 2)

2.2.2.2 The Areal green Biomass
indicator

The designation of the Landsat
ETM bands ascribed to the following
reason. So long as they are primary pro-
ducers, terrestrial higher forms and
aquatic macrophytes absorb the blue
and red spectra from the so-called pho-

Plate (1) A composite image
produced form wetness, bareness and
arealgreen Biomass

tosynthetic Active Radiation (PAR)
which spans from 0.4mm to 0.7mm.
The absorption of the blue and red
spectra is for photosynthesis process.
Higher form vegetation reflect medium
in green and peak in the reflective in-
frared portion of the spectrum. The
designation of Landsat ETM spectral
bands is based on the following prin-
ciple. As we have narrated above, band
4 contains vegetation spectral response
in the reflective infrared while band 3
contains vegetation absorption of the
red region of the spectrum for photo-
synthesis. In the image calculation the
two bands were loaded. The NDLPI (
the Normalized Difference Vegetation
Index) is a good indicator to discrimi-
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nate areal green biomass within the im-

age frame. It is given by the following

formula.
((x4-x3)/(x4+x3)+)*127

Where:

X3 and x4 = Landsat spectral
bands;

1 & 127 = constant to saturate

radiometric values to their maximum
dynamic range i.e. eight bit (2* = 256
grey levels).

The areal green biomass indicator
(Plate 3) shows that the vegetated areas
including aquatic macrophytes appear
in red hue.

To see subtle differences in fea-
tures, a composite image of the three
indicators was produced, see (Plate 4).

The bareness, brightmess  and
arealgreen biomass image ratio were at-
tained using ILWIS software. If one
were to use ERDAS IMAGINE 8x ver-
sions, the Tasseled Cap Transformation
converts reflectance data from the indj-
vidual image bands, which do not rep-

VWetland Areas

e g

Plate (5) The Tasseled Cap
Transformation output
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resent a quantitative evaluation too! to
different image in which individual im-
age bands represent the extent of
brightness, greenness and wetnes_s. The
tasseled Cap Transformation opnrm'zcs
the hyper ellipsoid multi-spectral im-
age to the viewer’s X and Y-axes. The
TCT is based on three data structure
axes, the greenness, brightness and
wetness. The positive TCT coefficients
signify positive loading while the nega-
tive TCT coefTicients are negative load-
ing. The Tasseled Cap Transformation

Output has yielded analogous re-
sult, see (plate 5). Wetlands are in blue
to cyan, green biomass is in light to
deep green and bare land ranging from
red to magenta.

In order to determine the spatial ex-
tent of wetlands, it is imperative to ex-
ecute supervised or unsupervised clas-
sification, which would yield the areas
in hectare. After the classification, it is
possible to code the panchromatic im-
age with pseudocoloring.

3. Conclusion and

Recommendation

Wetlands are vital components of
freshwater ecosystems and have great
economuc, environmental angd cultural
importance. This includes the provi-
sion of food source, raw material, and
climatic modification, aesthetic, cul-
tural, as habitats for many species of

fish, fowl, other vertebrate and inverte-
brates.

Currently, wetlands all over the

world have undergone succession with
seaning social, economic and ecologj-
cal consequences ang costs. Conver-
Slons Into agricultyra]
tion of dams that would
land  seasonal replen;j
wetlands require per

lance and monitoring, For the purpose
the l‘echnf'cal approaches have fy
reaching Significance.

The study has

sults. The technica] 5

land, construc-
curtail the wet-
shment, Thus,
sistent surveil-

S are ve
han.dy for hydrologisls, lhrmo[ogist;y
€nvironmentaljg(s and agronomists’

Cal_ approaches are
Mine the Ramsar
o0 be Bazetted_
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Severity — Duration — Frequency (SDF)
Analysis of Drought by using Geographical
[nformation System (GIS)Case of: Abaya and
chamo Lakes basin, South Ethiopia

Abstract

Tilahun Derib, Dr. Semu Ayalew
AMU, Arbaminch, Ethiopia

One of the famous and universally applied drought index known as Palmer Drought Severity Index (PD?I) w.as
used to examine the drought parameters of the basin. This method used precipitation, evapotran.spira.tion, soil mm.s-
ture recharge and soil moisture loss as an actual and potential values as input data. The drought situation of the bas!n
were studied by using 34 years (1970 — 2003) rainfall and mean temperature data from 18 stations which located in
side the basin as well as the soil types to determine its available water holding capacity (AWC). The analysis shows
that PDSI can be positive (moisture surplus) or it can be negative (moisture stress or drought) condition. Using the
result of PDSI values of each station, SDF graph of the basin were developed. Based on SDF value of each station, the
basin was regionalized by using of Arc View GIS environment.

Key words: PDSI, SDF, Drought index, GIS, return period, severity, AWC

1.Introduction

A part of Abaya — Chamo Basin
(ACB) is a drought prone area.
Through time the effects coming into
an increasing manner, the expected
main reason was the decreasing rate of
rainfall amount in the basin. Therefore,
the erratic distribution and less amount
of rainfall from the long term mean
value highly affects the production. As
a result these can cause a problem of
food security for the basin. Moreover
in the basin farmers used mixed farm-
Ing system; the problem of drought ex-
tepds to their cattle’s also. Severity, du-
fation and frequency are drought pa-
fameters. By determining its magnitude
a.nd the return periods of certain dura-
tion of drought we can addresses some
zrfﬁt:: %asqibed elusive drgught prop-

- Obviously, drought is unavoid-
able phenomenon but jt can be miti-
sited l:hrcvugh'proper mitigation mea-
itsr:cig;t::s}_lmg the characteristics of
dmIgh}?t mt;::lz(igc i nalize
Manage the Wate:rn.lportant by apd
Of the bagiy et arlesource:s potential
Mportant ¢, pr0vidc:s'0 ft . e e

€ recurrency behavm ormation about
People’s living insideu:}: - dr-ought fiar
e basin.

w
ater 8(1) October 9004
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Figl Typical rainfall pattern at Gidole & Awassa

2. Drought Definition and its

Indices

There is no universal definition of
drought but some authors tried to de-
fine. These available definitions of
drought might be categorized as either
conceptual or operational. With con-
ceptual, it refers to those definitions in
general term to identify the boundaries
of the concept of drought. For example
“a long period with no rain, especially
during the planting season.” Concep-
tual definitions provide little guidance
to those who wish to apply them to cur-
rent (i.e. real — time) drought assess-
ments. Drought is frequently defined

according to disciplinary perspective.
These definitions of drought are clus-
tered in to four types: meteorological,
agricultural, hydrologic, and socioeco-
nomic (Donald, 1987). Generally the
drought is expressed by using indices.
Different indices can interpret drought
in different time period, parameters and
concept. For this paper the Palmer
Drought Severity Index (PDSI) is used.

Palmer Drought Severity Index
(The Palmer; PDSI)

In 1965, W.C. Palmer developed an
index to measure the departure of the
moisture  supply (Palmer, 1965).
Palmer based his index on the supply-
and-demand concept of the water bal-
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ance equation, taking into account
more than just the precipitation deficit
at specific locations. The objective of
the Palmer Drought Severity Index
(PDSI), to provide measurements of
moisture conditions that were standard-
1zed so that comparisons using the in-
dex could be made between locations
and between months (Palmer 1965).
The PDSI is a meteorological drought
index, and it responds to weather con-
ditions that have been abnormally dry
or abnormally wet. When conditions
change from dry to normal or wet, for
example, the drought measured by the
PDSI ends without taking into account
stream flow, lake and reservoir levels,
and other longer-term hydrologic im-
pacts (Karl and Knight, 1985). The
PDSI is calculated based on precipita-
tion and temperature data, as well as
the local Available Water Content
(AWC) of the soil. From the inputs, all
the basic terms of the water balance
equation can be determined, including
Evapotranspiration, soil recharge, run-
off, and moisture loss from the surface
layer. The analysis is not considering
human impacts on the water balance,
such as irrigation.

3. Analysis Procedure

The PDSI calculation is based on
supply and demand model of the soil
moisture at a location. The supply is the
amount of moisture in the soil plus the

PDSI Value Classification
Extreme Wet Spell
400 ——
- Severe Wet Spell
300 —-

Moderate Wet Spell

2.00
Mild Wet Spell
st k Developing Wet Spell
0.50 ==

Normal

-0.50 ——
-1.00 —

Developing Drought

Mild Drought

-2.00
- Moderate Drought

-3.00 —

Severe Drought

-4.00

Extreme Drought

Fig. 2 PDSI value classification
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amount that is absorbed into the soil
from rainfall. The demand, however, is
not so as easy to see, because the
amount of water lost from the soil de-
pends on several factors, such as tem-
perature and the amount of moisture in
the soil. This method used
evapotransiration, runoff, soil moisture
recharge and soil moisture loss all in its
potential and actual values as input pa-
rameters.

A. Potential Values of Input Data

Potential Evapotranspiration,
PET 1s calculated using
Thornthwaite’s method.

Thomthwaite’s method is calculating
PET in monthly basis.

An Empirical formula to determine
Potential Evapotranspiration (PET) de-
veloped by Thomnthwaite’s is given by

PE =16*N,,[10!T“] (1)

Where

PET = monthly potential Evapo-
transpiration in mm.

m=1,23...... 12 (month)

N_ = is a factor to correct for un-
equal day length between months.
T, = monthly mean temperature in °C.

I = heat index for the year.

T N\ 15
L ” (2)
~z-2(3)

i = monthly heat index, and
a = cubic function of I.

a=67*107*1°=7.7* 105 *I +
1.8%102* 1+0.49 ... 3)

Potential Recharge, PR is the
amount of water that could be absorbed
by the soil, or the difference between
the AWC and current soil moisture, so
PR SAWC = B, o 4)
Where S, - soil moisture content at
the end of previous month or at the be-
ginning of current month.

Potential Runoff, PR, is calcu-
lated assuming any precipitation that
falls is absorbed until the ground is
saturated, and then the rest runs off
Thus, PR is the difference between the
potential precipitation and the amount
of moisture the soil can absorb. Palmer

decided to set the potential
tion to AWC, and the amg

pre eCipity.

: ‘mount of
ture the soil can absorb js Simply PIEQI;‘
] 0

PR,=AWC-PR e ()
Potential Loss, PL is slightly gif.
ferent; it involves the value of PET,
1.§, >= PETi, the moisture in the
soil is enough to meet the demand, g,
the most moisture that can be lost i the
amount in the soil.

2.8, < PET, the moisture in the
soil is not enough to meet the demand,
therefore

B. Actual Values of Input Data

Along with these four potential val-
ues (PET, PR, PR, and PL), their cor-
responding actual values (AET, R, R,
and L) are also calculated depending on
the relationship of precipitation P, PET,
and the soil moisture model.

The moisture in the soil can be used
up, when demand is higher than supply
and to be recharged when there is a sur-
plus of Precipitation and deficit of soil
moisture. The maximum recharge is up
to Available Water Content (AWC),
which is the maximum water holding
capacity of the corresponding soil type.
There are several cases, sub cases, and
sub-sub cases to consider determining
how much moisture is gained or lost for
each soil. The following relation shows
the general relationship of water bal-
ance equation:

If P,>=PET, then
a.- AET,=PET,
b. L=0

If (P,-PET)>AWC-S,_, et
a. R =AWC-S ,

b. Ro,=P,-(PET, +R)

c. §,=5 ,+K

IL  If(P,- PET) <= AWC-Si.r
then
~ PET,

0

o
o

-
(%] I

a.
b.
¥ S=S5_,*K

2 If P <PET, then

4
water 8(1) October 200
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a R~= 0
. Ro,= 0
c. AET, =P+ L,

If §_,> (PET, - P), then
a. L~=PET,- P,
b 85=8,-L

If S, ,<= PET,-P,then
4 Li=S|-I
b. S=0

Water Balance Equation

A. Moisture Departure, d
The Moisture Departure, d is

basi-

cally the deficit or surplus of moisture
for a given month. It 1s calculated by

using the following formula:

T

Py

Here, P is the precipitation an

ap

is the CAFEC (Climatically Appropri-
ate For Existing Conditions) precipita-

tion. is calculated as follows:

P =a, PET + B, PR + ¥ PRO, - 8..PL,

are coefficients, the subseript
fers to the month of the year any
are determined by the following fo

las:

ZAET;.-.-
a = all years

" mREE
all years

> &,

i} years
e

al} years

280,

y, = 2il years
"~ "> PRo,

all yeors

2 L

5 = all years
i i 1Y
ol} years

B, =
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(10)

(11)

(12)

(13)

drought index

culated using the fo

1
ppst, = 0897 PDS+3 i (19

dicate current and pr
spech’vely,

observed from
shows th
sons pery

B. Moisture Anomaly, 7,

i f'l’be moisture departure, d, is the
elict or surplus of moisture, adjusted

for the seasonal ch i
anges in climate
Z=dk.... ]
................................ (14)

d = Moisture Departure
z = Moisture Anomaly
K = Climatic Characteristics

The yalue of K changes depending
on lo;auon and time of year, as is evi-
dent in the following formulas used to

calculate it.

1767 ;
12 : Km
2Dk

el

K, =

»n

Where the value of 17.67 is an em-

pirical value that Palmer derived.

X, =15*log, i)

N

Where, N - Number of years record

C.The PDSI
Based on the above m

ture and moisture anoma

Jated. The PDS

Where the subscript (1) and (i-

and PDSI, = 0-

Data Analysis & Results

are two cIop|

t there :
o moistur
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oisture depar-
ly values the
i.e. the PDSIL is calcu-
I itself can now be cal-
llowing formula 4.

1) in-
evious months ré-

The first

ear. ThereforC,
season only o

Fi ig 3: Rainfall Distribution Pattern for
Mirab Abaya & Yirga Chefe stations for
the selected year interval

trary the highest average monthly rainfall
was recorded at Yirga Chefe (131.30 mm).

Analyzing variation from the mean
is important to determine the anomalies
of rainfall. The highest standard devia-
tion was shown at Yirga Chefe
(111.38mm) and the Jowest rainfall

variation was shown at Awassa

(56.72mm).

Mean Temperature, T

From 18 stations the highest yearly
¢ temperature was occurred at
Abaya (23.35°C) and the lowest
emperature was at
Fiseha Genet (17.37°C). But anomalies
from mean temperaturé shows that the
highest standard deviation Was »ob—
served at Gidole (3.36 %) and at Yirga
Chefe the lowest value was observed

i.e 0.94°%.

averag
Mirab
yearly average t

ranspiration, PET

f the difference be-
transpiration and
pecific month i$

Potential Evapotr

For a station, 1
tween polential evapo
rainfall values foras

ughly i
small, roughty ico e pETdemand?f




Actual Evapotranspiration, AET
The value of AET depends on the
supply condition of water i.e. the rain-
fall and the existing soil water content.
IfAET equal to PET, it shows that there
is no moisture stress in the area. The
difference between PET & AET gives
hint on moisture condition. A higher
difference between the two values
shows a higher deficit on moisture sup-
ply. But AET by it self doesn’t indicate
the deficit and surplus of moisture in
the soil. A higher variation was ob-
served at Mirab Abaya i.e. its mean
monthly PET value was 100.69 mm
whereas the mean monthly AET was
55.71 mm.
Relation between Rainfall, Mean
Temperature and PDSI Value
The following figure (Fig 4) shows
that the condition at Arbaminch in the
period from 1999 to 2003. Roughly, it
shows that when the rainfall value is at
increasing the corresponding mean
monthly temperature is at relatively at
decreasing value. As the result PDSI
has a positive value i.e. it is wet spell
and the reverse also true. But the previ-
ous month value of rainfall and tem-
perature are influences the above re-
marking statement. For other stations,
the relation between rainfall (P), mean
temperature (T) and the corresponding

PDSI value is similar to the above con-
dition.

Arba minch, P vdue (1993 2003)

7]

Arbaminch T value (1993-2003) _\

4 el et BFSE o L2 50 B0 (N s 0B
MmN M M om M e M
e 200 ) ae -~ 1Y

Arbe minch PDSI value (1993-2003)

Fig 4: Relationship between P T and

PDSI for a typical station (Arba
Minch)
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Sensitivity Analysis

It is obvious that the variation of in-
put data affects the output (PDSI
value). But the degree of influence is
different. Such characteristic of input
data on output is evaluated by sensitiv-
ity anélysis. High sensitive data means
the influence on the result is signifi-
cant. Therefore, by sensitivity analysis
it can be evaluated which parameter
has a great role to influence the PDSI
value. The result shows that, if the rain-
fall amount reduced by 50% the corre-
sponding average change of deviation
of PDSI is by 50%. And also if PET
value reduced by 50% the correspond-
ing PDSI value is changed by 90%.
Therefore, the analysis shows that
PDSI is more sensitive on the change
of PET value than rainfall i.e. PDSI is
highly depends on mean temperature

because PET value is mainly the result
of mean temperature.

Drought Parameter Evaluation

The drought parameters are sever-
ity, duration and frequency. Each of
these parameters is independent values,
But the combination of these three pa-

rameters gives a logical meaning for
drought monitoring,

Drought Severity

Severity shows the degree of mois-
ture deficit or surplus. It can be ex-
pressed based on PDSI values (Fig 2)
and it is calculated by equation 18
above.

For this analysis, drought occurs
when PDSI is less than or equal to -
1.00 (from mild drought to extreme
drought). Mild drought (PDSI between
-1.00 & -2.00) means, the degree of
severity is low and the moisture deficit

can be recovered by less amount of
rainfall compared to mod
(PDSI between
on.

erate drought
-2.00 & -3.00) and so

Drought Duration

The duration of drought is the num-

ber of successive months tha i
t which
PDSI value is in mil e

d, moderate, severe
Or extreme conditions, A cumulative
drought is the s i

turn period Successively i.e. it consid-
ers the wor

st combination of all fo
rms
of drought. Most of the time one fol-

—— T ———P—
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lows the other, but sometimes
curred randomly.

When counting the length of
drought duration, a single

between dry periods doesn
drought was an end.

it oc.

wet month
’t show the

Drought Frequency

Drought frequency is the retum pe-
riod (in years) of a specified duration
and severity of drought. The frequency
1s analyzed in a period of 8, and ‘10
years return periods. The method em-
ployed to determine the frequency of
drought is by counting the specified
drought severity and its duration at a
station then by arranging its distribu-
tion by weibull plotting formula.

In general, the return period of mild -

drought is more frequent than moderate
drought and so on.

Severity - Duration — Frequency
(SDF) values
SDF value illustrates the severity of
certain duration of drought having 2
specified return period (frequency)-
For most of stations when the degree of
severity increases the corresponding
duration for a specific return period are
decreases. Based on SDF valueS: fh"'
basin was regionalized. Regiona}w]ﬂg
means delineating areas having simia!
values of SDF together; it is well suited
for decision making procedures.

Predicting Drought Occurrences =
Past experience was important :
forecast for future events. So that pas-
occurrence of drought severity, .dufac
tion and frequency repeats it selfn 7
future. For simplicity 8 and 10 g’csta-
return periods are analyzed for | it
tions. Based on these data mebplm-
data were changed into area dat3 é"o 5
early interpolating between smbasi“-
These gives SDF curves of th';, ;
By doing so, it can be regiond 1zcters.
basin based on drought paraﬂtl)y ¢
Thus the results are mterp_re“g. orent
help of Arc View GIS using lshav'
colors. Similar color shows 2/?

ing equal SDF values.

8 years Return Period prough! fiod
The eight years reMTcnglh ‘?f
drought expresses that the *=,
drought in months occur™®
eight years. In this case the

water 8(1) 0t




_ i e. 8 year but the
s constant i-€. 8 Y€t
ofdrough“ is variable de-

duration and severity
pending upon Jocations.
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Mild Drought (MD- 8)

MD — 8 means mild drought 8 years
return period. MD — 8 map displayed
by Fig 5, the map shows that 85 percent
of the basin areas have duration of less
than 5 months and around Mirab Abaya
the duration extends to 6 — 7 months.

Moderate Drought (MoD- 8)

MoD - 8 means moderate drought
having 8 years return period. MoD — 8
map shown by Fig 6, the map depicts
that most of the eastern part of the basin
areas have drought duration of 3 — 4
months and the western part of the ba-
sin areas have a duration of less than 3
months. Around Alaba Kulito, Burji
and Ageremariam small areas have 4 to
5 months of moderate drought.

Severe Drought (SD- 8)

Severe drought having 8 years re-
turn period 1s abbreviated by SD - 8.
Fig 7 shows, most of the area have less
than 2 months of severe drought. Near
to Gidole, Fiseha Genet and Yirga
Chefe the length of drought extends to
3 - 4 months
Cumulative Drought (CUM- 8)

CUM § means a cumulative
drought having eight years return pe-
riod. It shows that the length of drought
occurs during this period is greater than
<ix months. Hence in the basin all areas
are affected by drought. A minimum
duration will occur around Bodity
which have 6 to 7 months of drought.
In the vicinity of Gidole, Alaba Kulito,
western and eastern border areas of
Abaya Lake at least one completely
failure of production for both season
will be happen within eight years, for
other areas the condition of drought
will be between this two events and it is
illustrated by Fig 8 bellow. The dura-
tion of drought will be increase from
north to south of the basin.

10 years Return Period Drought

The ten years return period drought
in different severity conditions are
shown by the following successive fig-
ures. Showing the different trends of
drought, it 1s important to think over its
convalescence opportunity.

Mild Drought (MD- 10)

MD — 10 means mild drought 10
year return period. MD — 10 maps illus-
trated by Fig 9, the map shows that 58

P nt of the basin areas have duration

of less than 5 months of mild drought
and close to Mirab Abaya small area
have 7 to 8 months of mild drought.

morths
morths
months
months
months

months
months
months
months
months

manths
months
months
months

Legend
Lakes

months
months
5 -7 months
-8 months
months

10 - 17 months
17 - 20 months
>0 - 23 months

Fig 12: CUM - 10 maps
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Moderate Drought (MoD- 10)
Moderate drought having 10 year
return period is abbreviated by MoD —
10 and it is clarified by Fig 10 bellow.
The map shows that 68 percent of the
basin areas have duration of 3 — 4
months of moderate drought and
around Burji and Alaba Kulito small
area have 5 to 6 months of moderate

drought.

Severe Drought (SD- 10)

Severe drought of 10 years return
period is abbreviated by SD — 10 and its
distribution shown by Fig 11. Accord-
ing to the figure most of the northern
part (it covers 50 percent of the basin)
have less than 2 months of severe
drought. Hence, northern part of the
basin has less susceptible than the oth-
ers but area around Yirga Chefe the
length of drought prolongs to 4105
months.

Cumulative Drought (CUM- 10)

The 10 year return period cumula-
tive drought shows that at least one sea-
son will be completely affected by
drought i.e. a minimum drought length
of 7 to 8 months. But most of the area
(92 percent) will be completely lost
both season productions. Around
Bodity and Hosaina the length of
drought moment will be relatively
shorter than the others. In this area the
drought length can completely affects
the production on one season and
slightly on the next season. This . is
shown by Fig 12 bellow.

Summary, Conclusion &

Recommendation

Different literature’s concludes that
PDSI method of drought evaluation is
superior to the others because of its
value depends on the demand and sup-
ply concept of moisture. But the
method doesn’t consider man made ad-
justments like Irrigation practices.

Almost, in all the stations the rain-
fall distribution has a bimodal pattern.
This shows that two cropping season
per year. It is important because, if one
season fails the next season covers the
problem within relatively short period
of time. High trouble of drought will be
expected when the length of drought

126

extends to both scasons and a more
catastrophic when it extends to the

third consecutive seasons.
The main input data for PDSI are

rainfall, evapotranspiration, soil mois-
ture recharge and soil moisture loss
both its potential and actual values and
also available water holding capacity of
the soil. But all input data were result-
ing from either rainfall or mean tem-
perature. Therefore, the sensitivity
analysis shows that PDSI is more sensi-
tive on temperature.

In order to regionalize the basin, the
point SDF value at a station should be
changed to areas value by linearly in-
terpolating between stations. The result
was essential to show drought maps of
a basin. These maps were used to know
the coverage of a specific type of
drought. For example, from the map a
mild drought having less than 5 months
of drought duration occurred within 10
year return periods covers 58% of the
basin areas similarly; a moderate
drought having less than 3 months of
duration occurred within 10 year return
periods covers 9% of the total basin
area. From this, it can be conclude that
the rate of raising drought duration for
moderate case is higher than mild.

A successive drought maps shows
that, the most drought prone areas are
located at the southern part of the basin
comparatively around Gidole, Mirab
Abaya and Burji than the northern part
of the basin. But the result may be
doesn’t make proportionate to the re-
cent available conditions what people
observing it because of the study
doesn’t consider the existing irrigation
practices.

Recommendations

Rainfed agriculture in areas which
are frequently affected by drought is
not possible, therefore in such areas it
§hould be construct irrigation schemes
in order to reduce the hazards of
d.rought. But sometimes to construct ir-
rigation schemes in drought prone ar-
eas may be difficult due to lack of
enough and good quality of water and
also available irrigable land. In that
case less drought prone areas should be
selected to resettle the population from
high drought prone areas.

Integrated environmental manage-

ments like protection of Natur
source from erosion, wild fire i
be considered together with (;:
management strategy. Ought
. This investigation is better f,
liminary reference for further o
about the drought situation of the -:ud
as well as to extend the studying a,asm
The study focused on only metega.
logical drought but for better ang 2
in addition to this agricultural dm:gsli
assessment is important.
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Capacity Building-based Research Outputs of
Arba Minch University (PhD. Thesis)

In\{esfiga‘i'ion of Water Resources aimed at Multi-
objective Development. The Case of Abaya Chamo Basin,

Ethiopia (Seleshi Bekele)

Characteristics and

ological processes of
r, Sothern

Sediment Transpor?

Investigation on
Activities on Morph

impact of Human
Ethiopian rivers:
Ethiopia (Nigussie Te

a and Lake Chamo

Monitoring in Lake Abay

Water Quality
Region (Ababu T/Mariam)
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Capacity Building-based Research Outputs of Arba Minch University (MSc, Thesis)

1. Adoption and adaptation of innotivative technology in small scale irrigation to Ethiopia case
study to SNNP region (Habtamu lItefa)

2. Analysis of Irrigation systems usin

g comparative performance indication 1A Case
two large scale irrigation systems i

study of
n the upper Awash Basin (Abdul Kedir)

3. Analysis of Regional Drought — A case study of Benishangul-Gumz N/R/S Neighbouring
Sites ( Bezabih Alem)

4. Analysis of Severity-Duration-Frequency (SDF) of Drought Using GIS - A case Study of
Abaya-Chamo Basin (Tilahun Derib) '

S. Assessment of case of lake Ta

na water level chan
hydropower and Tiss issat fall(

ge and its impact on Tiss abbay
Abayenh Tulore)

6. Assessment of design practices and performance of small scale irrigation strictures south
region (Robel Lambisso)

Condition assessment and modeling of ground water in Arba Minch area (Samuel Dagalo)
8. Development of a Mod

el for Optimization of Water Supply System Cost and Supply
Problems with a Case

Study for Hossana Town (Tamir Mitiku)

9. Evaluation Of Field Water Application Performance Of Sprinkler Irrigation System At
Finchaa Sugar State (Megerssa Olumana)

(Dereje Tadesse)

- GIS and Remotes Sensin
(Neghash Wagesho)

g Based Approach for Irrigation Suitability Database Analysis

12. GIS supported Irrigable land and w

ater resource Pote
case study of Hare river watershed

ntial investigation for irrigation : The
(Abel Tadesse) -

ydropower Scheme(Techane Gari)
17, Sustainability of water supply Schemes

z
: - The Case of i ishangul Gumu
regional state(Endakachew Dechassa) Kamashi zone of Benishang

18. Watershed mode

: | | :
Yilma) ling and management aspects of the Gilgel Abbay sub-basin (Hayalse
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