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editorial

Dear Readers/ Contributors:

This issue of ‘WATER', the fifth in the series and the third special issue, Is
dedicated to the proce :dings of the third symposium on 'S ustalinable Wa-
ter Resources Develor ment ‘organized from 5-6 July 1999 by Arbaminch

Water Technology Institute.

In this symposium 24 paper presenters and 101 participants from within

the country and abroad have taken part. As such, / can say it has given

ample opportunity for sharing ideas among participants with different ex-

periences. - .

/ owe a particular debt of gratitude to contributors and the participants of

this symposium. The success of the symposium was highly depenadent on
the efforts of the organizing committee and your contribution. Without

your contribution and participation this proceeding would have not been
so complete and nicely presented.

"/ am gratéful too to the readers of the earlier issues who have stimulated
ose who, by bringing er-

us by their correspondence, and especially to th
rors and obscurities to our notice, have helped us to achfeve a better accu-
racy and clarity. .

of the editorial poard, | would like to invite all concerned

ter sector to contribute and publish in WA TER' the latest
gained in the

Finally, on beha/f '

experts in the wa
developments in technology and the experiences they have

development of water resources.

Nigussie Teklie
Editor -in-Chief

»
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welcoming address— ——
Third Symposium on ‘Qustainable Water

Resources Development

5-6 July 1999
Arbaminch

Welcoming Address

by Nigussie Teklie,
Secretary,
Symposium organizing commitee

Invited Guests, Dear Participants
Ladies and Gentlemen:

Itis a pleasure for me to have the opportunity to welcome you to the symposium organized for the third time on *Sustain-
able Water Resources Development”, on behalf of the organizing committee and myself. I hope and believe that your
participation in this symposium will be a stimulating experience. . i

Invited guests, Dear participants
Ladies and Gentlemen:

The development of water resources involves the conception, planning, design, construction, and operation of facilities to
control and utilize water. Basically, this is the responsibility of the water resources.engineer. And this responsibility confronts
him with the basic problem of man, namely to ransform the natural world into a humane environment, an environment that
we want to see providing a growing number of people with an increasingly better life, on the basis of sustainable growth.
However, the services of other specialists such as economists, political and legal scientists, geologists, electrical and mechani-
cal engineers, chemists, biologists, and other specialists in the natural and social sciences are also required to give solutions to
water resources development and management problems. Thus, water resources development problems are « f interdiscipli-
nary naiure and.specia_l cvon‘djlions of each project must be met through an integrated application of the fundamental knowl-
edge of the various disciplines. Therefore, the main objective of this symposium is te bring together engineers and other

specnallstg myolvs:d in the' water resources development activities in the country and abroad to share experiences and ex-
change scientific information. .

BRSOy I - B -

; The. Arbarx:imgh W.at'er Technology Institute h.as‘ organized such symposia in the last two years. The issues raised in the
Iscussions and the opinions expressed by the participants of those two symposia were very useful and have given encourage-

ment and inspiration 1o the sponsors and organizers to hold such symposia on a regular basis. This symposium is, therefore,

lhe outcome Of the COmblnCd efforls Oflhc SpOI‘lSOl’S the orga ]‘ | t 1 mposia a“d "C
; ) » g nizin COm.m ic1 y ' !
; ; ‘ g 1 ‘lCC. thc parthlpantS Of laS S

During the two-day symposium, 24 papers are ex
ment, lrrigation, Environment & Water, and Water Re
break time of the symposium.

pected to be presented in the area of Hydrology & watershed manage-
sources Development studies. An exhibition will also be held during the

I hope that this symposium will be of paramount im
experiences among the professionals in the water sector.

With this brief remark, I now have the honour to invi
for his opening statement.

Thank you

water 3(1) April 2000
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o _ ‘ opening address

Opening Address

i
</
. e Hailemariam Dessalegn, Dean
ary,
te
= Distinguished Guests
Dear participants
T Ladies and Gentlemen
A On behalf of the Arbamich Water Technology Institute, I am very glad to havz this oppormunity to make an opening
L addres: 10 the third symposuim on Sustainable Water Resources Development.

My Country, Ethiopia, is a relatively large country with an area of about 1.1 million sq. km. and 2 populatiqn of about 62
million. It is a country emerging from long years of protracted civil war, political strife, and harsh economic and human
calamities that culminated in recurrent draught and many years of economic mismanagement. Despite positive strides in

?S L Macro-economic reforms and encouraging performance in the last few years, Ethiopia still rema.ins second‘to the bottom of
o the world’s poorest countries with a per capita GNP of about US 100. Traditional rain f(?d subsxst'ence agriculture accounts
i for the largest share of the GDP, making the country’s economy vulnerable to the increasing erratic patterns of precipitation
Wﬂ?' ; that ranges from as low as 50mm in the dry regions of the north-east to about 1,350mua in the wettest areas of the South West.
il The comparative degrees of food availability aud poverty with in Ethiopia’s regions are strongly linked with the amount of
1810 rainfall and the resulting quantity of soil moisture required to sustain farming and grazing.
ipli-
kg ’ When compared to neighboring countries, Ethiopia is endowed with significant amount of water resources, with a * ;ean
.)ther annual flow of about 110 Billion cubic meters (BCM) that drain into 11 river and lake basins. 1’s ground water resot ftes are
e insignificant with an estimated annual renewable potential of only 2.6 BCM. When compared to surface water potential.
Ethiopia’s seemingly abundant water resources are incompatible with the image the world has developed as a dry and
1 the famine-stricken country.
age- _
fore, The paradox lies in the fact that these water resources are not properly hamessed: only 20% of the population has access
your to clean water, only 3% of the nations 3.5 mill. ha. of irrigable land is developed, and only 2.6% of its huge i.e. about 161,000
Gwl/yr hydro-electric power generation potential is harnessed. This potential probably makes the country next to Congo
Kinshasa in Africa. These show extremely low levels of water resources development indictors indeed; even when com-
age- pared to sub-Saharan African standards.
3 the
Distinguished Guests
and : Dear participants
i Ladies and gentlemen
loor

Sustainable water resources development, which is the focus of this sympothuim, is imperative for poVerty alleviation,
food self sufﬁc'lency an.d food security and for improving the quality of life for the impoverished majority cf Ethiopians.
While this fact is now widely recognized by the Government of the Federal Republic Democratic of Ethiopia, there exists
a number of challenges and constraints that need to be addressed.

00 . . :
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opening address

Eventhough there is an encouraging start from the side of regional governments jj

i . Sma”-SCaIe w
ment and comprehensive watershed management practices, and also National Watey

; ater
Polices ap g4 Rive TeSour,

- . ey
studies are conducted at the central level, it should be suPported by the Federal government Researcy, 3sin Mas?eve]%-
to solve some of the problems they face during their strive for development and lmplementaticm‘ ralning % :ifr Plan,

tions

The fact that almost all of the country’s river basins are transboundry water resourceg Necessitgy
e - i N e
capacities should be established to talk about sustainable water resources development i this Country, U lng; e l
2

try is Fhe non-existence of propey|
ountries, which hag 0t more tha}’establ,'s
n

One of the bottlenecks for water resources development in this coun
resources Research Institutions when compared with our neighboring ¢

au. s . f ed y,
such type. The existence of such type of Institutions will extremely eghance the capacity of the e One Instimﬁgster'
interlinked challenges in sustainable water resources development projects. - Ty 19 rak&uP : Sh of

' §hly

Distinguished Guests
Dear Participants

Ladies and gentlemen

Thank you'!

e ' water 3(1) April 2000
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Roughing Filtration of Water using
Floating Plastic Media and Seeds of
Moringa Tree

Ababu T/Mariam, Lecturer, Arbaminch Water Technology

The design of water treatment plants that use
effective pre-treatment units to reduce the solids _ :
filtess. Conventional pre-treatment units involving coagulation, flocculation an
require higher levels of operational control. Roughing
high turbidity, cleaning difficulty and greater filter volume
their suitability. An ideal alternative would be one that uses a compact filter v
that is easier to clean and at the same time offers enhanced level of
treatment unit was set up that used gravel pipe flocculator followe
polyethlyene. To enhance the level of pre-treatment, seeds of the p
initial trials with kaolin and red clay suspension produced satisfactory

Abstract

pre-treatmen

Institute, P.().Box.',?l,Arbaminch. Ethiopia

surface water sources such as rivers, lakes and ponds cal! for an
loading on subsequent units such as slow sz;nd filters and rapid sand

d sedimentation are high cost and

Filters are suitable alternatives. However, limited efﬁcienc?' a?t
requirement particularly at high plant flow 'rates limit
olume, that can be run at higher rate,
t at higher turbidity. A pilot roughing
d by coarse size filter media of low specific gravity
Jant Moringa Stenopetala were used as coagulant.
results. The tests were followed by using sources

& : * ation
of raw water from Lake Abaya and the *Kulfo” river. Higher level of pre-treatment ywas obtained at greater filtratio

rates and with a shallow depth of media. The pre-treatment was effectiv
Cleaning was made easier because of the floating characteristics of the me

comparable with that of horizontal flow roughing filtration.

Scope of Application: Waste Water Treatment, Potable water trea

Background:

Surface water sources are invari-
ably polluted with suspensions of silt,
clay and organic matter. In tropical cli-
mates such as that of Ethiopia with
rainy seasens concentrated in few
months, erosion of the high intensity
rain produces high levels of turbidities.
An appropriate treatrment alternative
such as slow sand filter will call for an
effective pre-treatment 10 reduce tur-
bidities 10 a level required for slow
sand filter treatment. In Ethiopia,
many cities and small towns depend on
surface water sources for potable water
supply. Common problems reported
from treatment plants are: Uneconomi-
cal rate of usage of chemicals for co-
agulation. Too much water required for
washing of rapid sand filters; ineffi-
ciency in the washing process as a re-
sult of high silt load on rapid sand fil-
ters. Slow sand filters clog frequently
requiring cleaning and sand replace-
ment at uneconomic rate.

On the other hand, water supply de-
velopment for rural communities
mainly focuses on ground water
sources. Surface water sources are ex-

water 3(1) April 2000

cluded on account of poor water qual-
ity and the difficulty associated with
running a treatment plant at rural level.

As a result of extensive research
and development on the use of appro-
priate pre-treatment techniques for sur-
face water treatment, there now exists
well published volumes of literature on
the design, technical functioning and
operational experience of these pre-
treatment techniques. Examples of
such pre-treatrment technologies in-
clude: plain sedimentation, up-flow
roughing filtration, down flow rough-
ing filtration, horizontal flow roughing
filtration, river bank filtration, river
bed filtration, modular subsurface sand
abstraction, pebble-matrix filters, etc.,
(Smet, 1989).

Roughing filtration, either in the
form of vertical up flow, down flow
mode filtration or horizontal flow fil-
tration are common alternatives. These
filters use often coarse gravel or local
media such crushed cocconut, rice
husks, etc as filter media. The filters
depend on the greater silt storage ca-
pacity of the coarse size media that
minimizes the need for frequent clean-
ing. Low rate of filtration are pre-

¢ over a wider range of raw yater turbidity.
dia. The cost of installation is estimated to be

tment, Irrigation water treatment.

scribed for these filters as sedimenta-
tion is the dominant mode of solids re-
moval. The reason being the chances
for interception and straining are less
with very coarse size media. At high
plant flow rates, the volume require-
ment of such filters increases. Clean-
ing would require large labour force.
At high raw water turbidity, the effi-
ciency of roughing filtration decreases
and together also the rate of clogging
increases. Limited efficiency, large
space requirement, absence of effective
cleaning mechanism are,therefore,
some of the inherent problems of
roughing filters.

Objective of the Research

The objective of this research was
to test the effectiveness of a roughing
filtration set up that was thought to
overcome some of the problems of
roughing filtration stated above. The
filter set up includes a gravel pipe
flocculator, a coagulant addition using
an indigenous plant seed, Moringa
stenopetala for enhanced solids re-
moval, a filter media using floating
plastic, that is of finer size than the

Gener ated by CantScanner fromintsig. cdm



Roughing Filtration ... ——

usual gravel roughing ﬁlt.ir but that can

d relatively easuly.
, c[l)eezril;n variables, such as ﬁ'lter
depth, filtration rate, head loss require-
ment, filter media size, range of raw
water turbidity that can be treated,
cleaning requirement were thought' to
be investigated. A preliminary d.eﬂgn
guideline using the above variables
was also a possible target.

Pilot Setup and Test Procedure:

The pilot setup comprises the
following:(see Fig.1)

1) A raw water tank on the ground, an
over head tank in to which the raw wa-
ter is pumped from the raw water tank
and from which the water flows out to
the filters by gravity.

2) A chemical dosing tank and dosing
suction arrangement in which the co-
agulant enters the raw water pipe under
negative pressure (suction).

3) A gravel pipe flocculator and two
filter columns of 20 cm and 30 cm in-
ternal diameters. The coarser media
(4.75mm size) is held in the 20cm filter
column. The finer media (2.1 mm size)
is held in the larger 30 cm filter col-
umn.

4) A filtered water collection tank and
an outlet orifice meter for flow mea-
surement.

Suctien Liar forChemien
sed Watsr

Pilver co ies

1
— ]

from kaolin and red clay.) ’Ijhese
f water have differ-
ent settling characteristics. The wate]z
is pumped up from the raw water t}im't
to the overhead tank from which 1

flowed to the gravel pipe flocculator bg
gravity. A coagulant was prepared an

fed to the raw water through the suction
line. The chemical dosing rate a'nd so-
lution concentration are pre-adjusted.
The downstream valve is adju.sted to
correspond to the desired filtration rate
and from then on a constant water level
at the over head tank is maintained
through recirculation by the pump.
This maintains constant flow to the fil-

made
different sources 0

ters.
Monitoring of head loss and water

quality was done at the several depths

of both filter columns and at various .

times of filtration.

Several test were run using the dif-
ferent water sources, with varying
rates of filtration and different levels of
raw water turbidity. Different doses of
coagulant were tried to investigate the
effect of coagulant dosage on filtration.

The coagulants used were mainly
seeds of the plant type Moringa
Stenopetala. This plant is indigenous to
the Arbaminch region and has the local
name “Aleko”. Its leaves are eaten as
vegetable while the roots are some
times used for curing Malaria illnesses.
the tree grows commonly over the re-

— .

L= I

5) A vertical manometer board for
monitoring of head loss. Sampling
points at depth intervals of 0.5n? were
provided connected by hoses to bottles
for continuous sampling,

Test Procedure:
The raw water tank was filled with
water from the different sources ( Raw

water sources used were from Lake
Abaya, Kulfo river, and suspension

8

gion, A Jar test was run to determine
the-optlmum dose of coagulant for the
varilous raw water tested.

The dried moringa seeds were
pe_eled and crushed using a coffee
grmder‘. A solution of about 0.1% con-
;Zr:vt;ancinhr Was prepared by filtering the

1 through a cloth to i
coarse grain, o
Apart from this paty
: 1al plant, Alu-
minum Sulphate (Alum) was ysed for

tion of water quality at sever ;
of filter column, at different filtration
rate and for the different types of raw
water used in the plot testing.

—

part of the test for com
fectiveness of the M
that Alum.

When the filter became di )
determined by head logg limit o, s
quality, filtration was sto}:apedwamr
cleaning was done by lifting the aand
ing from above, floating the medig ac »
displacing the dirty water with ray, nd
clean water from the top dOanardor
The quality of the wash water was b:'
ing monitored with respect to time

Parison of th

i Cef.
Ormga Seed f.

With

Test Results
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Wale fro
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al depths
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Filler #1, 475mm Sze

Ababu T/Mariam

Filer #2, 26mm Sze .
i Walet wih Red Cay Suspenson R T Waler i Red Clay Suspension rnts OUT the use of coagplants Is low at .the
jj:========== SES=N = = : high rates of filtration use. Otherwise,
— : Tt i = + Meievr
T f. — T T . - T T T ;HI e the filters have_ to b'e run at vcr_y. low
T EENTRER NNV 15 ANPREES- | rates of filtration like the traditional
:W;'-lz.! | ik l ' l O nobetes o Rll) iy roughing filter which may not be eco-
g i = I,-. T T dobetos i ' "{' f.“;m nomical. Therefore, the use of coagu-
SR TR cam A g lant is necessary for this type of filter.
l Fﬁ”— ™ P., - 1T Monitoring of flocs after the gravel
§: e e N | N pipe flocculator showed that macro
e mmammmEtammEn: e S size filtrable flocs are formed and the
; ; :I i i lI i i ; '!r ;TT i ': ' “ﬁ;};ﬁ_: flocs have had good settling character-
LA ';', i o e o | % T istics for all the types of water tested.
3 183 T T T T T
! Dephof o o)
v S Dt Media Cleaning
FwR 2o meters/ hour, it was possible to reduce
ol s mate  turbidities o below 5 NTU using a When the filter media became dirty,
T =S== ,:T ol depth of Im of the coarse 4.75Smm filter  filtration was stopped and the media
T T or only of 0.5m depth of the finer was made to float above while the dirty
,m 1 | . g:: 2.2mm filter. water was drained down. A greater vol-
I”:‘ 1 ST ‘ | : By On the other hand, the raw water  ume of raw warter was released from the
1T 1 It qaimmssan | .
" TiLl\ !\| 1 1&" lj__{ Types and Characteristics of Raw | Media Size [ Range of | Effective | Effective | Filtered
S eesma e water Range Used | Turbidity | Flow Rate | Depth Turbidity
R ARRRRARBRRASSA=S=] Tested
AT T T 1) River Water - Runoff from alluvial | 1.8 mm <500 6-10mh |>05m <SNTU
! el :, Pt T owermin formations, Largely silt and little clay.
Quick settling Characteistics
—__ tucie - Smm <50 |6-10mh |>13m |<SNTU
e ™™ [T River water and Man made ponds, | 18mm <300 <Smh |>10m _ |S-10NTU
IBEESENENRERAREEN A Runoff from Silt-clay  formations. ' ’
ERESRERENEE 5 » y
iSRRI ERRA AR e Intermediate rate of settlement.
J } l H i \ | ’ Smm <300NTU | <4 mh >15m 5-20NTU
0 H—— ! ‘
; \wl ‘ : “ = :} : M) Water from Natural lakes and | 1.8 mm <IS0NTU [<35mh |>10m 5-10NTU
TN T T T T T nunoff from clay formations. Stable
;k\ e i _LL colloidal suspensions.
:;:th REEP Smm <ISONTU |<imh [>2m 5-10NTU
S T :
P R T Table 1. Design Variables According to Test Results.
i from Lake abaya contains very stable top to displace the solids as the media
oy Walerwi Kackn Supension anors COll0ids. The coarser filter was effec-  floats again to the top. Draining the fil-
eSS sas: o wewss  tiVe at very low rate of filtration and  ter in this way 2 - 3 times will accom-
. T\- . ! ': P over a larger depth of filter required.  plish the cleaning. Stirring the media
INERERNAE ! g » the finer filter of 2.2mm size was, how  with rod while it is floated helps in fur-
RIS L 2 suawion ther dislodging the solids.
K d o ever, effective at filtration rate between Head Loss
+ == 3-10 m/hr and over filtration depth of .
TS = up to 1.5 meters. The progression of head loss de-
T NEERAN R Similar results can be observed for pended on the filtration rate and raw
il Mg TN raw water prepared using Kaolin and  water quality. The initial head loss was
‘ﬂ ] TP red clay. low ( 3-10 cm) at higher filtration rate.
R . W IR This is expected as coarser size media

The quality of the filtered water is
different for the different sources of
" water tried. For example, the water
from river kulfo was the easiest to fil-
ter. With filtration ranges between 6-10
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Coagulant Dose

The use of coagulant (Seeds of the
plant type Moringa stenopetala) was of
great help in the removal of solids. The
percentage removal in both filters with-

:

have been used that have low head loss.
the head loss is increased to about
10cm / 50cm of media depth after
about 24-48 hours of filtration depend-
ing on the raw water quality.
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Filtered Water Quality

The filtered water, over the range of
effective filtration rates, is below 5
NTU. There was not much change in
PH, conductivity as a result of adding
the low doses of Moringa. The filtered
Wwater contained low chlorine demand,
However, taste and odour problem
started when filtration was stopped for
few days and the filters were rerun
again. Anaerobic condition was created
in the filter that resulted in a constant
odour problem. This finding suggests
that the filters have 1o be run continy-
ously. If there has to be stoppage for
Some reason, the filters have to be
drained or possibly also cleaned,

Table.1 summarises the range of
values for the common design varj-
ables thar were used in the test and that
gave good performance,

Conclusion

The pilot test results show thar fj]-
tration rares ag highas 6-10 m/hour can
be allowed to femove solids using me.
dia size of4.75mm and 2.mm. where ag
the depth Tequirement woyld not be
more than 1.5 merers (Refer Table |
above). Generally finer media size and
smaller depth 4ppear 1o be economical,
With such Ype of choice, the filter run
would be shorter. However, since the
S€t up used in ttlis research employed
used less water for cleaning ( or used
raw water for cleaning ), shorter filtr
Tun causes less problem. The filtered
water trbidity was 5 NTU in mogt
cases. The use of Moringa seeq was
found to be effective for a]| of the types
of water teseq. Caglation with Mormga
also gives ap €conomic advantage,
compared with plaip filtration. How.
ever, for good flocculation the use of
gravel pipe flocculator g
mended rather thap direct in-ljpe addi-
tion of coagulants op to the filters,

Cleaning of the media was facilj.
tated by a lifting, draining a
mechanism. the Possibility
raw water for cleaning have p
and found to be working,

When Moringa ig used as Coagu-
lant, taste ang odour problem can pos-

sibly develop if the filters are ryp inter-
mittently due to the Moringa deposited
on to the filters.. Therefore, the filters

recoms-

nd rinsing
of using
€en tested

10

have to run continuously.

The cost of acquiring the plastic
media is estimated to be around 20 Birr
/ m*/day of water treated. This cost is
not expensive compared the benefits
that are gained out of the filter,
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Environmental Assessment in Water
Resources Development Project Cycle

Haimanot Asscfa , Environment Specialist, PSU/CIDA, Addis Ababa Ethiopia

Abstract

Integration of environmental concerns in each stage of a project cycle has become one of the pre-requisites ror
sustainable development. For each stage of the project cycle, there should be a matching environmentz?l planning
component. Most water resources projects require an environmental assessment to identify potential envirnnmemal
impacts, thereby for mitigating the negative aspects and enhancing the positive aspects of the project. Environmental
assessment should be regarded as animportant tool, which brings sustainable development, and we should try to adol.:x
it to our local situation to use its maximum benefits. The paper reviews the matching environmental components in
each project cycle and the experience of environmental consideration in water resources projects undertaken by the
Ministry of Water Resources (MWR). For this purpose three irrigation and three hydropower projects were analyzed
and it has been evident that environment was considered as one component at each stage of the planning particularly

in studies conducted in recent years.

1.Introduction

The inter-disciplinary nature of wa-
ter resources planning demands the de-
velopment of a new approach that inte-
grates the technical, economic, envi-
ronmental and social aspects into co-
herent management framework. In this
respect environmental assessment inte-
gration in each stage of the project
cycle, sarting from the initial stage is
vital more so in developing countries
where technology has not yet been ex-
tensively employed to curb effects of
inappropriate environmental manage-
ment and where the economy is more
stringent.

Environmental economists convey
a message that environment and devel-
opment are not conflicting elements in
a zero sum game, in which progress in
one is at the expense of the other.
Rather, it is being emphasized that en-
vironment and development for the
most part are elements of mutually re-
inforcing, positive sum game,

In Ethiopia, most recent large and
medium scale water resource projects
in one way or another exhibit environ-
mental consideration in their project
preparation documents. Integrating the

* concerns up to implementation and op-

eration phase is yet to be seen. The con-
cern for environment in the country has
reached where an environmental policy
is put in place and regulation, legisla-
tion and scetoral guidelines are being
drafted. The critical area of concern
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however is enhancing the capacity and
research on the EIA tool 1o make it
more applicable 1o our local situation.
This paper provides reviews of en-
vironmental concerns corresponding
the different stages of the conventional
project cycle. Samples of water re-
sources projects are analyzed for their
environmental consideration in their
planning process. It appears that most
water resources projects conducted by
the MWR had gone through an envi-
ronmental assessment  process.
Whether environmental consideration
is to be incorporated in the implemen-
tation and operation stages remains to
be seen in the future. The paper also
discusses the constraints of incorporat-
ing EIA in water resources develop-

ment projects and suggests recommen-
dations.

2.Development of EIA Concepts

2.1Definition of Basic Concepts

Some basic concepts in the area of
environment are commonly used but
are sometimes confusing and inter-
changeably applied. Definitions of the
pertinent concepts as applied in this pa-
per are given as follows for the purpose
of creating a clear and common under-
standings while considering environ-
mental management issues in water re-
sources development.
Environment: Environment is defined
as the surrounding zone, the specific
zone to be affected by the project. All
nawral resources (physical, biological

and human resources), people, eco-
nomic development and quality of life
values are basic components of the en-
vironment.
Environmental Impact Assessment
(EIA): EIA is a systematic approach
for identifying environmental effects
of proposed projects. It is a way of
making sure that we ask the right ques-
tion, to pinpoint destructive effects
early and look for alternative ways of
doing things.
Initial  Environmental Examination
(IEE): An examination for estimating
probable impacts in order to ascertain
whether follow —up detailed studies are
needed. It is a broad scoping of the po-
tential environmental effects of a
project, based on available data and
knowledge, to identify key environ-
mental issues.
Environmental Management (EM): 1t
is 2 procedure which can be defined as
a decision making mechanism that is
used to ensure that environmental con-
siderations are incorporated into devel-
opment strategies, programs and
projects. EM makes use of the informa-
tion and analysis provided by environ-
mental assessment and adds on element
of dynamism by designing strategies 1o
implement actions to protect and con-
serve the environment, and by focusing
on-the implementation of such strate-
gies.
2.2 Development of EIA

In the 1970's, it became generally

accepted by some of the leading devel-
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agencies that assessmen;
e made on the environmenta
d developments be-

fore they were implementd Mtth oz
view 1o raking some corrective actl -
in the cause of environmefnal conser
vation. From these pioncering cltgnsa
formal procedure known 2s Environ-
mental Impact Assessment (EFA)
emerged, to ensure that ncgan.ve im-
pacts were predicted and taken into ac-
count. The 1980’s saw the scope of
EIA being widened to incorporale,
socio-economic impacts and mitigating
measures, and EIA has developed pro-
gressively in its approach. It is still be-
lieved that further development in EIA
procedure and application is needed'.

The intangible and cross-cutting
naure of many environmental issues
and the negative connotation attached
by many to the term "impact” has hin-
dered EIA from becoming the compre-
hensive and integrated decision mak-
ing tool. Some believe that EIA is not
sufficiently geared towards the deci-
sion making and implementation pro-
cess. It stops at attempting 10 quantify
the positive and negative impacts of an
intervention and fails in ensuring that
the right decisions follow and that envi-
ronmental concemns are carried through
the entire praject cycle. Today there is
2 shift from relying on a free standing
planning tool and process, EIA, to
adopting a planning procedure, EM,
which has been introduced as a means
of approaching sustainable develop-
ment practices better than the EIA tool
has managed in the past.

_In the developing countries the
overriding issue is to overcome the
crippling and widespread poverty.
What might be a normal environmental
concern in the developed countries
could be taken as hampering the devel-
opment effort 10 overcome poverty in
developing countries. The application
of EIA concepts as developed in the
more al‘ﬂ.uem society has given rise to
o oy e

Y. Y this problem has
F)ecn perceived and is under discussion
B e A
. o the developing
countries.
As in many developing countries,
EIA in I?thxopia was limited to bank-
able projects. Such projects, however,

opment
should b
impact of planne

12

nmental consider-

: rated enviro ;
fiGoTPO cast at the project

i fa'i[hmi)a,gact lSome water re-
n stage. _
?c:f]‘;:i:?cpcrls, however, EXpIess ”mf
concern that EIA is @ df:velo.pment con
straining concept. This alnlu.de ema-
nates from the wrongly perceived out-
look of EIA, and from 111_e shortcoming
of EIA in its application In lhle dev.elop-
ing countries. In spite of this atu.lude,
today, most water resources .prc)]ecls.,
even those, which do not rcqufre exter-
nal assistance incorporate environmen-
tal consideration in their preparation.

3. EIA in the Context of the

Project Cycle

A recent development in project
preparation is the consideration of the
impacts of a project that is not prima-
rily of an engineering or cost nature,
Environmental Impact Assessment
among others is considered as one of
the decision-making mechanisms in
the project cycle. The purpose of EIA is
to assist in ensuring that appropriate
planning practices will be utilized
whenever sensitive environmental re-
sources or values are likely to be af-
fected. (Asian Development Bank)

Environmental Assessment is, or
should be an integral part of each stage
of the cycle. For each stage of plan-
ning, there should be a matching envi-
ronmental planning component. Each
stage, however, is likely to involve a
different depth of analysis for specific
topics appropriate to the circumstances
of the stage. In the early stages of the
project cycle, everything that is known
about the existing environment is docy-
mented, As the environmental assess-
ment proceeds, however, documenta-
e
source's on lhgisl;::s l:fg 11{115 a'nd =
tance. NSEAED

3.1Water Resources Development
Project Cycle
Cycg;h;g:ljl::t ;:r):gle is considered a5 2
NEXS. Af each Stag_e leads to the
X ach stage, projects are inves-
t
' gated to a depth necegsy fi
Ing a conclusion op (hej = O'r'reach-
: ¢ir capability and
tated Purpose. The
increases ip each
€ stages of project

depth of the study
subsequent Stage. Th

Pre-feasibitity
Mage
Reconnalisance
Survey

Monitoting &
Evaluation

: i
’_WT\
Implementanion z

—

Figure 1: General Project Cyele

cycle generally frequented are shown
in Figure 1 and the major features are
given in subsequent paragraphs.

Reconnaissance Study: This is nor-
mally the first siep of project oriented
planning. Desk studies on the available
data sometimes accompanied by field
reconnaissance are the basis for this
stage. The purpose of reconnaissance
study is not to investigate projects in
detail. However, the result of this study
should be able 1o tell if there is a fea-
sible project with approximate cost es-
timate and the additional studies
needed for the subsequent stages of the

" project,

Pre-Feasibility Study: This is the sec-
ond step in the project investigation
and planning. In this phase one or more
identified projects are brought one step
further in the planning process. The
pre-feasibility investigation justifies
the project based on technical, eco-
nomical and environmental practicabil-
ity and make recommendations for fur-
ther action,

Feasibility Study: At the feasibility
stage technical studies more detailed
than those required in the prcvim{s
stage, financial and economic analysis
are conducted. The output of this stage
of the study should contain enough 1n-
formation to permit decision On
whether or not to implement the
project. .
Final design: Contract documents 11-
cluding plans and specifications, which
are sufficiently detailed, will be pre-
pared at this stage. The drawings and
specification are based on additiqnal
studies of the details of the project
work.
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there is a good engi-
neering in planning
and designing. There is
no clear delineation
between  mitigation
prompted by environ-:
mental concerns and
good engineering prac-
tice. Environmental as-
sessment, however, is
found to be an essential
tool even in the pres-
ence of good engineer-
" ing practice, as there
are some other aspects
which will not be cov-
ered by good engineer-
ing practice only. As
the possible effects on
environmental re-
sources usually are of
very little interest to
* the project proponent,
. conducting  environ-
mental assessment is
essential to protect sen-

Figure 2: Stages of Project Cycle andtheCorresponding sitive environmental

EnvironmentalProtection Activities

Implementation: Additional detailed
drawings needed during construction
are prepared at this stage. Supervision
and inspection of construction activi-
ties are the major component of this
stage.

Operation: At this stage of the project
cycle, monitoring is done to see that
targets are reached and a final evalua-
tion is done to assess whether the ex-

pected development results have been -

achieved.

Financing agencies like the World
Bank, African Development Bank,
Asian Development Bank etc. and
other donor agencies have slightly dif-
ferent approach/naming to the different
stages of a project cycle.. Some com-
bine two stages together, others have
different names for the same stage
shown in the General project cycle.
However, the concept remains the
same. Financing agencies however,
have an additional stage, appraisal-the
decision on financing the project. Gov-
emments, also sometimes do appraisal.
3.2 Environmental Assessment in

the Project Cycle

There is always a concern of the
need for environmental assessment, if
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resources.

Most water resources projects re-
quire an environmental assessment to
identify potential environmental im-
pacts. ~ Environmental  assessment
should be an integral part of the project
planning at every stage of the project
cycle. The major features of environ-
mental considerations at each stage of
the project cycle are described in the
subsequent sections. Figure 2 shows
the environmental protection activities
for each stage of the project cycle.

Some financing agencies refer
terms as screening, scoping and prepa-
ration of EIA for the different stages of
the project cycle. Screening is the pro-
cess of determining whether or not a
proposal requires further environmen-
tal assessment and scoping defines the
boundaries of what is going to be done
in the EIA. Both these issues are parts
of the IEE described in this paper.
Some financing agencies recommend
screening for the identification phase,
scoping for pre-feasibility and EIA for
feasibility stage of the study.

Environmental Reconnaissance: It
is important to integrate environmental
issues at an early stage of the planning
process. At the reconnaissance level,
which is the first level of investigation,

it is only necessary to determine the
environmental disturbance, which the
project is likely to bring about and to
assess the environmental impact that
can be attributed to its implementation.
The study at this stage identifies the
main environmental issue. As in the
case with the other component of the
study, the environment bases its data in
the existing information. Supplement-
ing it with field reconnaissance can at-
tain better results. If reconnaissance
and pre-feasibility studies are com-
bined the assessment should be consis-
tent to the IEE lelvel.

[Initial Environmental Examination
(IEE): The more effective environ-
mental concerns are properly con-
ceived at this stage of the project. The
environmental study conducted at this
stage is termea as Initial Environmen-
tal Exaraination (IEE) or Initial Envi-
ronment.1 Assessment (IEA). The
study makes use of a detailed checklist
appropriate for the sector. Based on the
checklists the study screens out all en-
vironmental impacts except those,
which could have significantly adverse
impacts. Potential impacts should be
assessed within the sector of the pro-
posed project and in terms of its cross-
cutting, multi-sectoral aspects. In the
IEE phase projects are categorized as
those needing full EIA and those who
do not require full EIA with limited en-
vironmental impact that can be rou-
tinely resolved through application of
mitigation measures. If further detailed
study is needed, then the IEE will re-
quire preparation of a brief TOR for the
follow-up EIA. If there is no need for
further study, the IEE itself becomes
the completed EIA for the project and
no follow-up EIA will be needed.
(Asian Development Bank)
Environmental Impact Assessment
(EIA): The main focus of the environ-
mental review at this stage is to plan
and implement environmental studies
as part of, or in parallel with, the feasi-
bility study. EIA is a more intensive
examination which covers topics like
project description, baseline data, envi-
ronmental impacts, analysis of alterna-
tives, mitigation plan, environmental
management and training require-
ments, monitoring plan, interagency
coordination and consultation with af-
fected communities.
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Environmental Assesment

Checking Design: The environmental
component at the final design stage is
limited concentrating on checking de-
signs for their environmental sound-
ness and working out the detailed costs
of mitigation measures.

Checking Construction: The major fo-
cus of the environmental activity dur-
ing supervision will be to ensure that
the environmental mitigation, monitor-
ing and management measures identi-
fied during EIA are being imple-
mented. Such measures may be incor-
porated into design and conrract speci-
fications for implementation.
Environmental  Monitoring:  The
scope of environmental monitoring in-
volves following the effect of the
project on the natral, physical and hu-
man environment. The relevant param-
eters 1o be monitored will have been
defined in the EIA report of the feasi-
bility study.

3.3 Project Scale and
Environmental Consideration
Magnitude of a project is some-

times a poor indicator of environmental
effect particularly in water resources
projects. Large scale run off river
projects may have negligible environ-
mental effects whereas small-scale irri-
gation projects if located in environ-
mentally sensitive areas can imply sig-
nificant environmental effects.

The World Bank environmental as-
sessment guidelines provide an alterna-
tive to Environmental Assessment for
small projects unless they are located in
environmentally sensitive areas. The
Asian Development Bank, however,
recommends the preparation of 1EE for
all sizes of projects and projects that
will not result in Significant Environ-
mental Impact do not need to complete
EIA.

There is no fixed rule on the signifi-
cance of magnitude of projects in rela-
tion to environmental impacts, but it
has to be recognized that large projects
do have a greater propensity to cause
environmental harm than do small
ones, But this rule of thumb needs to be
applied with greater caution.

Significant numbers of small-scale
irrigation projects are not functional or

_have many problems. The paper is not
suggesting that the problems arise from
not undertaking environmental consid-
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erations or from lack of implementing
environmental concerns as recom-
mended by EIA. But it is o say thaten-
vironmental assessment helps us 1o de-
sign better projects. By asking the right
question, we can pinpoint destructive
effects early and look for alternative
ways of doing things.

4. Experience of EIA
Application for Water

Resources Projects

In Ethiopia water resources projects
have been under development since the
1960’s, Hydropower schemes and irri-
gation projects are the major activities
in water resources in this sector. Com-
pared to the country's potential, the re-
source is still untapped and a lot is ex-
pected to be done, For a water resource
project to be sustainable, integration of
environmental consideration at each
development stage is found to be im-
perative. EIA concept in water re-
sources projects planning in this coun-
try, has been applied starting the early
eighty’s on projects financed by UNDP
and other major international sources.
Beginning from the early sixties, large-
scale water resources project planning
were carried following the conven-
tional project cycle approach and in
this context some of the major environ-
mental concerns were addressed. More

recently EIA consideration are take, as
part of the project planning activitjeg
even though legal mechanism enforc.
ing this as a routine procedure are ng,
yet in place.

To review the experience of Ela
application in water resources sector
three hydropower and three large-scale
irrigation projects undertaken by the
Ministry of Water Resources and jts
predecessor institutions have been se-
lected. As the puipose of this paperis 1o
show the experience and suggesrt rec-
ommendation, only few projects have
been selected.

4.1 Experience in Hydropower
Projects

In response to the urgent need for
power the Government of Ethiopia
launched an Emergency Program to de-
velop power generation, which has
identified medium scale hydropower as -
the most promising resource. Medium
scale hydropower projects in the range
of 40MW to 60MW capacities are
given more attention rather than Large
Scale Hydropower Developments.

The Ministry of Water Resources
(MWR) with its responsibility for the
development, protection and utilization
of water resources has embarked on the
planning of few hydropower projects.
Among these, three projects whose
studies and design have been com-
pleted are examined for analyzing the
application of EIA concept at the vari-
ous stages of the project cycle. The fol-

Tablel: Sample of Medium Scale Hydropower Projects Studied by the MIWR

No | Project/Environwnental Development Phase
I Copslde -
] oHldsration Reconnaissance Pre-l-'usibilily1Fcasibility [Final Design  Implementation
[ |Tekeze Medium Scale HP v v v . v ‘ =
Project ’
Environmental Component [Initial Scrceming IEE EIA [Quantification g
of initigation
measures
T ]Gojeb Medium Scale HP 7 7 o I I
Project
fﬁ\"ir'él'ﬁfl'e'ﬁl'il'éé;ﬂb'dﬁéﬁ't Inltial Screening IEE EIA  [Quantification AT
of mitigation |
f measures ,
3 |Tis Abay Medium Scale V] x 7 7 Under
HP Project Construction
Lovironmental Component [Tntlal Screening x A | Quantfication | RSN
of mitigation
measures

v - Conducted,  x - Not conducted,

7 No information
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jowing table shows the development
cycle of the three medium hydropower
projects and the associated environ-
mental consideration at each stage.

As can be seen in the table, the
preparation phase of the hydropower
developments have taken the conven-
tional project cycle. In each stage of the
project cycle, pertinent environmental
studies have been integral part of the
srudy and have been used as a decision
tool to move to the next stage. The fea-
sibility studies of these projects have
been conducted in the year 1996 and
1997. This explains the adoption of en-
vironmental consideration ar each
stage 10 the standard of international
guidelines. The environmental consid-
erations of all the three projects at each
stage of the project cycle are briefly
discussed.

4.1.1Reconnaissance Study

For the Gojeb and Tekeze hydro-
power projects, the srdy results are
presented in the form of comparative
evaluation matrix based on a checklist
relevant for the sector. The matrix pre-
sented significant environmental con-
siderations and impacts associated with
the proposed hydropower project. The
matrix summarizes the study findings
in a format that allows ranking of
projects in terms of their environmental
effects.

Examination of the comparative
evaluation marrix indicates a number
of important anticipated effects that
should be carefully studied at pre-feasi-
bility and feasibility level. As a result
of these studies, a particular site was
discarded, due 10 its environmental ef-
fect for the Gojeb hydropower project.
In the case of Tis Abay project, unlike
the above two studies, there is no ma-
rix evaluation conducted and no de-
tailed checklist used for the analysis.
However, the study described the exist-
ing environment and listed potential
negative and positive impacts of the
project.

4.1.2 Pre-Feasibility Study
The pre-feasibility stage of the
project cycle is conducted for Gojeb
and Tekeze hydropower projects. The
ITis Abay project, being an emergency
project, skipped this stage and direct
Feasibility and design were undertaken,
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For the Gojeb and Tekeze projects,
the pre-feasibility study stated that all
environmental issues should be studied
in depth at feasibility level during the
course of the full environmental assess-
ment. The prelimindry environmental
analysis focused on issues that could
result, depending on the site and reser-
voir elevation selected in significant
environmental mitigation costs. More
detailed survey was conducted at this
stage on the issues raised in the recon-
naissance study.

In the case of Gojeb, environmental
issues differentiated the two sites more
than any other aspect, and were a criti-
cal factor in the site selection. The
Tekeze case is different where the envi-
ronmental impacts at both alternative
sites had similar nawre. Neither project
alternatives in the Tekeze case, in-
volves resettlement nor the reservoir
would flood important social infra-
structure. Therefore, environment was
not taken as a factor to select between
project alternatives.

4.1.3 Feasibility Study

The feasibility studies of both
Gojeb and Tekeze projects have exam-
ined different dam height options for
the sites selected at pre-feasibility
level. The Environmental Impact As-
sessment considers the effects of these
options. It is found out that the nature
of the environmental impacts is similar
for each dam height.

The potential environmental im-
pacts, both positive and negative have
been assessed and the mitigation mea-
sures required to enhance the benefits
of the project, and to avoid or minimize
the adverse impact have been stated.
An appropriate monitoring program for
each project is also recommended to
verify the magnitude and scale of the
predicted impacts and to detect any un-
foreseen impact at an early stage.

The project cycle and the related
environmental study as mentioned ear-
lier are different in the case of Tis
Abbay hydropower project. Due 10 its
emergency nature, after a reconnais-
sance study, which was conducted by
the Ministry, the project was contracted
to a consultancy service to undertake
Feasibility and Detailed Design stud-
ies. The nature of the project is differ-
ent from the above two in a way that,

there is no dam 1o be constructed, and
more data is available to undertake the
feasibility study. :

During this stage of the study the
environmental component produced
wwo reports for Tis Abay Il project. A
preliminary environmental smudy be-
fore the completion of the feasibility
study which outlined the potential posi-
tive and negative impacts and mitiga-
tion measures and another report to-
gether with the feasibility study report
having the same content with more
depth as a result of further investiga-
tion. Both reports identified a critical
issue which is the need to ensure 4an ac-
ceptable trade-off berween the alloca-
tion of water for energy generation and
the flow necessary to sustain the Tis
[ssat Fall which is an important natural
heritage and tourism attraction. The lat-
ter report however addressed this issue
with additional model runs and out-
lined the significant impacts to be con-
sidered at full EIA.

4.1.4 Final Design

In the Final Design stages of these
projects, the environmental component
of the sudy quantified the mitigation
measures. Detail compensation cost for
each individual, other costs for mitiga-
tion measures such as construction of
clinic and road have been quantified
and submitted to the respective imple-
menting organizations prior to imple-
mentation of the projects.

In the case of Tis Abay II, before
the completion of the detailed design
stage, a full EIA report was presented.
This report provides an assessment of
the environmental impacts of the de-
velopment of Tis Abay II scheme. The
effect of different release patterns for
the Falls on energy generation has been
examined from a hydrological simula-
tion model of the lake and river system.
The economic value of the Falls has
been estimared from projected tourist
growth rate and surveys undertaken
during the study. Based on this a Cost-
Benefit analysis has been undertaken
and the benefits from production of
electricity thus outweighed the ones
that could be generated from tourism at
the present time.
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4.1.5 Implement

Tis Abay 11 scheme i
struction, and ELPA is the D. ;
project- No information cou'1 be made
available on how ~:nvironmenta] mea-

sures are being corg dered d.urmg con-
srruction. The other two projects are at
reparation of contract

the stage of P
documents and bids for the construc-
tion phase.

4.1.6 Findings of EA Application in

Hydropower Projects
| srudy at the ini-

The environmenta
nce) of the

tial level (rcconnnissa
project cycle has been conducted satis-
factorily for all the projects. Sites that
could damage the environment WeEre
discarded from the alternatives.

At pre-feasibility sage, the envi-
ronmental study should list all the pos-
sible environmental components based
on the sector checklist and identify ac-
tivities which will have significant im-
pact for further detailed study at EIA
during feasibility stage. The report,
however, failed to do that and recom-
mended all environmental issues (o be
sudied in depth at EIA level. The pur-
pose of conducting preliminary envi-
ronmental study or IEE is to distinguish
significant environmental impact so as
1o focus time and money on those rel-
evant issues. The other important out-
put of the environmental study at the
pre-feasibility stage is preparation of

/

e subsequent stage, where

led to do sO-

In the cast of Tis Abay, the EIA
study should have been Produced to-
gether with the Feasibility report to
serve as onc of the decision making

toals as its purpose: o
Environmcntal economics 15 €Xer-

cised and clearly shows the benefit of
the project, which is encouraging. The
Tis Abay II project is located in the
country’s major cultural heritage site.
This economic analysis clearly showed
that projects located in an environmen-
tally sensitive area, fmay not be auto-
matically disqualified. The cost benefit
analysis based on the environmental
economics exercise was used as one of
a decision parameter 1o proceed with
the implementation of the project.

A number of local staff participated
in the study, increasing the country’s
capacity in the field, which should be
taken as 2 lesson in other projects.

In the absence of enforcing envi-
ronmental regulation, such faithful
consideration of environmental aspects
into a project component needs to be
encouraged and appreciated and is a
great achievement to the country.

TOR for th
the study fai

4.2 Experience in Irrigation Projects

Although water and land resources
are plenty and the opportunity for irri-
gation development is vast in Ethiopia,

Table 2: Sample of Large Scale Irrigation Projects Studied by the Water Sector

Project/
Environmental st bl
consideration Bevomp: || Bos e
oo il easibility l};l;?gln Tioplemen. ‘l:[ouilurlng
1| Bir and Koga v R
Irrigation Project 4 ¥
"Environmental T x
| | Consideration d %
2| Weito Irrigation
Project Y d Y v 5
Enviranmenial x
Consideration # Y o k
3] Amibara Imigatt
J Project o Y i v v
. -
! l Em'u:onmental x
‘ | Consideration ; ! Y ¢ %
VG
y onducted, « - Not Conducted, 7-Not Kn
' ‘ ‘ - ow
J Indicales studies followed by appraisal :
LX)
For the Amibara P
I roject, afier monitory
implementati i . fn .
ion of a drainage prgpees afunsl\:;:!f:;auun stage, additional design and
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very little has been done ¢
thf: resources. Futre de\-e?:]
this opportunity, however Simem of
p]u‘n.ned and implemented \,vithould .be
eration of economic, socia] anzonsrd.
ronmental factors to achieve iy
able development, -
In the following section th
large-scale projects are dcscribe,d in i
com.exl of their environmental con [‘he
‘criftlol"ls. Table shows three large-ss;(]i-
ml;gjanon projects underiaken by thz
Ministry of Water Resources and jis
predt'?ccssn?rs, and the environmena)
consideration at each stage of the

project cycle.

Pareq

4.2.1 Reconnaissance Study

) :l"he identification of irrigation
projects for Birr and Koga was first
conducted by USBR, 1964, and
LAHMEYER, 1962  respectively.
These studies in the early 1960’s pro-
posed the development of large-scale
irrigation on both sites. The subsequent
pre—fcasibility studies of the projects
considered these as reconnaissance
studies to take over. As both the above
studies were conducted as early as
1960’s, and as they were not project
specific, there was no environmental
study component.

The report on Survey 0
River Basin produced in 1
fied the Amibara Irrigation
which is located in the Middl
Valley. There is no as such environ-
mental component in the report. How-
ever, the issue of incidence of bilhar-
sin was recognized and
nd recommenda-
srudies was Pro-

f the Awash
965 identi-

Project,
e Awash

ziasis in the ba
measures suggested 2
tion for future health
vided.

There was not reco
conducted for Weito Irriga

nnaissance study
tion Project:

4.2.2 Pre-Feasibility Study
project: ThE

Birr and Koga Irrigation ;
pre-feasibility studies for Birr a0
oga were com leted by o
;{1 Ig987. These I;tudies were .incluswf_:
of a section on health and enwronfziz_
tal aspects following the same Pr
dure for both projects:
garding this issue was V€
and detailed enough.
tive of identifying project spec!
jor health and enviro ental
associated with the pla

; 0
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scheme, the study outlined the findings
and proposed mitigation measurey in
the arca of health, water supply and
sanitation for both Birr and Koga irri-
gation projects,

Weito Ireigation Project: “The swdy
output of the pre-feasibility stape study
indicated that Wento would be eco-
nomically viable and recommended it
1o be followed by feasibility study. The
Public and Environmental Health Plan-
ning Depaniment of the Water Re-
sources Development Authority had
studied the environmental health impli-
cations for the pre-feasibility study on
March 1981 though the report was not
made available for this review,

4.2.3 Feasibility Study

Birr and Koga Irrigation Project: The
Health study identified the major
health issues - the cathiments and the
available health facilities, water supply
and basic sanitation. After analyzing
the health situation and the potential
health risks associaed with the intro-
duction  of large-scale irrigation
project, the study identified preventive
and mitigating measures and their re-
source requirement.

ment report was mentioned 10 be ar-
ranged in the format sugpesied by the
World Bank and the African Develop-
ment Bank for Jarge scale irrigation
project. As these are the potential fund-
ing agencics for the projects, the study
was prepared in response o the re-
quirement of major lending agencies
environmental policy requircments,
After describing the existing envi-
ronment, the policy and legal frame-
work, the study identified significant
environmental impacts of the project
and poltential mitigation measures for
the constructiorfand operation phascs.
Provision has also been made in the in-
vestment costs for the mitigative mea-
sures identified. The provision also in-
cludes a comprehensive health pro-
gram. Finally the report presented, a
pre-construction, construction and op-
cration monitoring plan with the re-
quired cost to be included in the overall
investment cost.
Weito Irrigation Project: Following a
pre-feasibility study of Weilo Irrigation
Project the consultant was assigned (o
undertake a  full feasibility  study
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mainly of the agricultural aspect of the
project, Health being an intepral pant,
the Teasibility study an the public and
cnvironmental health inplications was
undertaken by the Public and Environ-

mental Health Flanning Department of

WRDA as an intepral part of the Feasi-
bility study 10 assist in the assessmem
and evaluation of the project as a
whale, “Therelore, the study includes
two environmental anncxes namely
Environmental Fffecty and Public and
Environmental Health Implication,

The Environmental Effect study
was not made available for this review,
however the Environmental Health Im-
plications report was reviewed and
found to be a detailed one describing
the major health problems of the area,
existing health facilities and results and
findings of the health survey con-
ducted, ‘The study recommended mea-
sures to prevent water and vector borne
discases including provision of health
services and the capital and annual op-
cration and maintenance costs,
Amibara Irvigation Project: The [easi-
bility swudy o Amibara irrigation
project was conducted in 1969, The
study as such did not include an envi-
ronmental component. However, some
of the ivestipations conducted were
very much ol an environmental investi-
pation. After investipation of the soil
and the drainage condition, the study
concluded that the underlying aquifer
possessed extremely low permeability
and that the water able in the area
could rise within 5-6 years after the on-
set ol irrigation, with scrious cffects on
yiclds. Systems of deep open drains
were incorporated into the feasibility
designs. Bascd on this feasibility sub-
mitted report appraisal was done by the
World Bank mission and approved the
financing of the project.

4.2.4 Final Design
Amibara Irrigation Project: In 1974,
AVDA employed a firm of consultants
to complete final designs of the project
and to review cost estimates of the
Amibara Irrigation Project. Dased on
the reviewed cost estimates the consult-
ants reviewed the project components
which deviated from the original plan
thus components which deviated from
the original plan thus requiring devel-
opment strategy. There was no infor-

mation on the availability ol environ-
mental component at this stage of the
study, o
Weito  Irrigation Project: a privae
consultancy firm has conducted the fi-
nal design ol this project, Environmen-
tal concerns were also addressed, As
the paper sets its boundary with the
MW undertakings, there will be no
discussion on this stage of the project.

4.2.5 Appraisal

Appratsal of the Revised Amibara Irri-
gation Project: The Amibara project
way first appraiscd after the feasibility
study and this reappraisal is done after
the final design. This reappraisal report
significantly changed the original de-
siggn report, .

In this report, the projects environ-
menlal effect both positive and nega-
tive in the arca of health has been rec-
ognized. The report agreed in a careful
moniloring during the implementation
period and allocated fund for the provi-
sion of control measures.

Another important aspect more rel-
evant 1o the environmental consider-
ation, the report identified is early
ground water tables rise which will sig-
nificantly affect the project, after
implementation  of irrigation. The
document  recommended  additional
water table control facilities as soon as
the problem faced.

4.2.6 Implementation .

It was reported that during the
implementation of the Amibara irriga-
tion project, activities relating 1o envi-
ronmental  health were undertaken.
Among these, rescarch on biliharziasis,
construction of clinics, water supply
and sanitation infrastructures are very
much related to an environmental mea-
sure worth mentioning,

4.2.7 Operation

Although the need for sub surface
drainage was identificd carlier during
the design of the irrigation project, as
the ground water table was low at the
time, it was decided to delay the instal-
lation of subswiface drains. However
the water table rise and salinity prob-
lem occurred carly as predicted by pre-
vious studies. The continuos monitor-
ing conducted during the operation
stage revealed the problem as they occur,
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Environmental Assesment

One of the measures considered to
mitigate this environmental problnm
was‘io undertake a sub-surfaceldram-
age project. To implement this, the:
Master Drainage Plan for Melka Sadi
and Amibara areas was conducted and
this study put the rational development
of an integrated surface and sub-sur-
face drainage system, including flood
protection works, and recommende‘d a
three-phased program of installation
works. Based on this study recommen-
dation, pilot drainage scheme was un-
dertaken followed by implementation
of phase | drainage project, Design of
the second phase is completed and is
waiting for implementation, Apart
from this, the activity around environ-
mental health was reporied to be an ac.-
tive one in the Provision of potable wa.
ter supply, saniration facilities, housing
el A detail work was conducted on
Biliharzia Prevention, vector contro]
and research by the Warer Resources
Development Authority in collabora-

tion with other institutions ap the
project site,

4.2.8 Findings of EA Application jn
Irrigation Projects

Birr and K, oga

The Birr ang Koga smdies pass
through the tonventional project cycle
though the implementation of the
Project is st]] Waiting,

The reconnaissance study was cop.
ducted in the early 1960°s ang no envj.
ronmenta] consideration a¢ thar tj
Environmenta) concern was a ¢
fant stage 5 that time,

The pre-feasibility study conducreq
in 1987 considered environmenta] con-
cern. As it wag Mmentioned ip the re.

The feasibiiiry study, i
done in 1995, however

Weito

Full information onthe
and the associated enyirq
Was not available for th
ever, from the available |
foliowing comments ¢a

Project study
nmental stydy
¢ study, How.
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Environmental awareness in the
water sector of the country goes up to
the early 1980°s. Even though it wag
mentioned that it was done 1o satisfy
the requirements of financing agencit_es
requirements, the study was done in
great dep'h and quality which shows
the capacity of the sector in the area of
environment at that time,

Amibara

As the Amibara irrigation project
study started early in the 1960°s, no en-
vironmental study was incorporated at
the beginning of the Project cycle.
However, at the design and appraisal
stage of the projec, major environmen.-
tal issues were addressed though not
tagged as environmenya] issues,

This project is opne good example
showing the importance of monitoring,
The irmrigation study delayed the syp.
surface drainage system but
mended groung water and
monitoring, Monitoring these
eters picked the problem ag the

recom.
salinity
param-
Y arise,

5.Constraints in the Introduction

of EIA Procedures

EIA is generally perceived as an es-
sentially negative Statement, which re.
tards development, This wrong percep.-

EIA is not usually undertaken until
a late Stage in project Planning when
changes 1o the project ro mitigate ad-
verse effects are difficult ang costly,
EIA is considered as 5 stand-alone re.-
Port and is done Separately rather than
being an integra] Part of a wider pro-
cess,

The availap]e EIA procedures are
100 genera] in ¢

developed

EIA suggest the
Bative aspects of
€s. The positive

aspect of envjr
h‘ow o €nhance thig " .
sidered o 10t been quuany
phasis, This can
proiect Withoye Y oupy,..
Project regy), in itg entj [welghing
1o the vigy, of E]

Ela seldom Ntiny
Mentation and i es
is conducreq 0 ¢
i'mancing agencies Con
itself doesn’t
unless it g i
ered in the
Project.

Protecy ¢

Mplemengeq
monitoring

6.Recnmmendations

Environmental
Us 10 design beyy,
consideratiop of

assessmen, €an hg
€I projecys.
the €nvironme

people we are try

Demystify EIA ang i's associared
techniques, The PTesent perception of
ElAisa Wrong attitude, which, evolved
dueroa number of reasons, One should
Tecognize EIA as on of the to0ls, which
bring sustainable development, Qur
country, of al] others, is suffering from
environmentaj degradation and this
tool is nothing but a means 1g control
further environmental degradation as
opposed to development retardation.
Awareqess raising for the water engi-
neers and other experts is an imporl;nl
step 1o have smooth working relation
ship and better results, _

The EIA should be an integral part
of the overall planning and design of
the project. It should be able to influ-
ence the project design and be cog}
ducted together with the other peirtsthe
the study and experts involved in

rocess, i
i Countries like ours need 10 revi;‘;
different available EIA procednrestfon.
need to adopt it to the lo;al sntuda .
EPA is developing guidelines an.nPlhc
cedures. Care should be “fket: tlhe Jo-
Preparation of this to assxmic“:J gt
cal condition. In the absenc the long
tional and expertise capacity,

ing 10 help,
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procedure to ger clearance for projects
might result the wrongly perceived in-
terpretetion.

EIA is still under development even
in the developed world. We have the
opportunity to gear this tool to our local
situation, ones we are convinced that it
is a means to reach to a sustainable de-
velopment. The most important aspect
of the 1ool in our case should be that, on
how do we enhance the positive im-
pacts of the project to get the maximum
benefit and look for alternative sites at
the inception of the project to minimize
the costs of the project. Stressing on the
negative impacts cannot be applicable
to our local situation, as we need every
development opormnity in this coun-
y.

Academic institutions like AWTI
have responsibility to change the
present attitude towards EIA. Water
engineers should be made aware and be
equipped with design measures 1o miti-
gate negative impacts and enhance the
positive aspect of water resource devel-
opment projects here ar the institution.
Such 1nstitutions are also the place 1o
conduct research an adapration of stan-
dards, guidelines and procedures rel-
€Vani 1 our situation.

The awareness should not be lim-
ited 10 water engineers. There are other
most critical people in project planning
particularly higher officials. They
should also be equally convinced of the
1ool as an important means to reach to
our goal.

Environmental economics should
be developed to enhance the quality
EIA. Positive impacts to some extent
can be valued and can be used in the
Cost-Benefit analysis of the project as
has already been done for Tis Abay hy-
dropower project.

Environmental monitoring is one
aspect, which needs to be given more
emphasis. Impacts, which were not
predicted or anticipated at the prepara-
tion phase, can be detected at this stage.
The Amibara irrigation projectcanbe a
good example for this concern.
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Commercialisation as Basis for

sustainable Water Services
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Introduction

The demands for introducing new
water resources management concepts
are mainly flourishing since the Earth
Summit held in 1992 and its Agenda 21
(EU1998).

These new concepts also dealt with
water supply and sanitation which was
already highlighted earlier (UN water
supply and sanitation decade, Rio de la
Plata) with the aim 10 provide access to
safe drinking water and sanitation fa-
cilities for every body until the year
2000.

However, the latter was not suc-
cessful; even by concenrrating all ef-
forts and resources towards this one
goal it can’t be achieved anymore in
the given time. The available funds
could not cope with the ever-increasing
population growth mainly in countries
burdened with rural and urban poverty.
The Agenda 21 may prove a better con-
cept than previous ones because of be-
ing more comprehensive and resourceful.

[ Dublin Principles

¢ Fresh water is a finite and vulnerable
Tesource, essential 1o sustain  ife,
development and the environment

¢ Water development ang management
should be based on 5 participatory
approach, involving users, planners and
policy-makers at al| levels

¢+ Women Play a centra
Provision, management
guarding of water

¢ Walter has an economic value in 4] its

; compe!ing uses and shoylg be

’ recognised as an econgmig good

part in the
and safe.

The Problem

World Wide Scarcity

‘ It is common sense that the world-
v.wd_e available fresh Water sourceg are
limited and getting scarce, Already |/5
of all countries js burdened with heay
water shortages, Funhermore, the de}-J
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[Agenda 2]

tmands are still increasing and spre?d-
ing pollution especially in dcve10p{ng
countries and so called emerging
economies hampers the availability of
freshwater for hygiene and health, for
irrigation, domestic and cottage indus-
tries, that means for any kind of sus-
tainable development.

Like in any market economy, which
is the economic concept ruling most
pants of the world at present, a scarce
commodity will attract investors or
capital because of profit prospects. And
this is happening world wide as the

German newsmagazine SPIEGEL
(DOHMEN  1999) reported some
weeks ago,

Big companies were fighting for
buying shares of the Berlin Water Utili-
ties, the water provider for the German
capital, which was owned by the Mu-
nicipality of Berlin. It was partially on
sale because of the financial problems
of the owner. Big international compa-
nies like banks were interested in buy-
ing shares because of profit expecta-
tions, not because of their long-stand-

—

¢ Ensure the integrated management and
development of water resources

* Assess water quality, supply and
demand
* Protect water resource quality and

aquatic eco-systems
+ Im;?rm./e drinking water supply and
Sanitation
¢ Ensure Sustainable
Wwater supply and
use for cities i
¢ Manage water Tésources for sustainabje

food Production ang development
¢ Assess the impact

Water I€sources

Water Sector.

Evenrually, a French-German con-
» COMprising of 5

?‘qst Providing €nergy, won the compe-
1tion ang bought 49,9 o, of the shares

of climate change on |

of Berlin Water Utilitieg fo
3,300,000,000 DM I aboy,
African Poverty

On the other hand, the
tinent is burdened with hig
growth, wars and cjyj] unrest, recypyey,
droughts, low service levels, Jow Waler
coverage, large ratios of water bope
diseases, etc. Water js already the limjy.
ing factor for socio-economic develop-
ment,

In particular, since 20 years only
20 % of the population have access 10
safe drinking water. Tremendous in-
vestments in Ethiopia were financed
over the same period by the Ethiopian
Government and international donors
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and Finnish Governments, EU, UNDP,
UNICEF, etc. However, this percent-
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Why did we fail?
Mainly because of the wrong conceps:
Dominance of the public sector
The bureaucracy never formulated and
introduced efficiency criteria
Dominance of investments instead of
operation
Constructing new systems was I N
important for any politician or burea _
crat than taking care of operation —© .
ten more than 50% of RWSS ‘VCFEI?S_
functioning shortly after the offici2
auguration.
Lack of qualified manpow
A huge brain drain caused. ctof

: rivate $

experts to the emerging p gl
or the experts left the COUI“TYHWl tion
Lack of financial resources 2_ and ré-
Available budgets of the Ccnﬁ'tafulﬂl all
gional Governments could n°
the demands locally jvement
Lack of community invo ked to o
Communities were only 3 were 1ot
tribute labour or funds, they responsi”
asked to actively take OVer

1 .

E]:nlctkeif appropriate design’.. n cor-
. made desis ;
Engineers had ready dard desig®)

cepts (the famous stan

Aftican con-
h Populatig,

nore

er
the loss of

+ 0000
water 3(1) AP 2

Gener ated by CantScanner fromintsig.com



o —

however, they never adjusted their de-
sign to the affordability of the users

Bursting population growth
The increasing number of people to be

served ourweighed increasing numbers -

of new systems: the population growth
is still more than 3% per year!

Poverty

The average family income is declin-
ing; employment opportunities outside
the rural sector are marginal.

Low level of education

The literacy rate is below 40%, in some
areas even declining; water related is-
sues are not part of the curriculum at
primary schools; the academic level of
primary school teachers is extremely
poor.

Lack of water resources management
Except for the large river basin master
plans there is no water resources man-
agement concept in force, which would
include monitoring of sources and con-
sumption.

Lack of water quality control

There is no systematic concept to regu-
larly monitor the quality of water
sources for domestic use.

These experiences from Oromiya
are similar to those from other regions,
other countries and continents. There is
a big demand for new coficepts, which
may lead to sustainable water resources
management, and consequently water
supply and sanitation, around the
world.

The new Concept
Following terms found entrance into

the new concepts as some of the key el-
ements:

Comprehensive
management
Already at the first symposium on Inte-
grated Water Resources Development
two years ago I've formulated the de-
mand for and the key elements of this
approach as an urgent need for the im-
provement of water resources develop-
ment in the country.

Commercialisation of services provision
It is common sense even in Ethiopia
and her Regional States that traditional
government institutions are not capable
of providing water efficiently for all the
population

Public private partnership

It is also accepted that govermnment
sources are too limited for providing

water resources
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water to all people. Consequently, pri-
vate financial sources need to be incor-
porated if the water coverage should be
improved eventually. However, more
important is the utilisation of manage-
ment efficiency of private commercial
enterprises.

Community empowerment and man-
agement

The communities need to get involved
as owners and managers of their water
schemes and systems. They have to
take over the responsibility for their
systems.

Cost covering water tariffs

Water must be sold to the consumers at
cost price. The local people or users
may only accept responsibility if they
are charged in accordance with the cost
of a scarce commodity,

Towards Sustainable Water
Resources Management Guidelines
(EU 1998)

The European Commission pub-
lished Guidelines under this heading
for technical co-operation in the water
sector, which are based on international
policy considerations as well as practi-
cal experiences from projects. Follow-
ing are the headlines for this strategy,
which is already implemented in many
cases.

Institutional and Management Principles

1.1 Roles of government and offi-
cial bodies at all levels should be
clearly defined and areas of responsi-
bility officially established.

1.2 The structures and systems of
management should be designed in
such a way as to facilitate involvement
by the responsible authorities at differ-
ent levels.

1.3 Involvement of user organisations
and the private sector should be en-
couraged,

1.4 Ongoing capacity building is
needed within institutions and for par-
ticipant groups at all levels.

1.5 Management systems should be
transparent and accountable and appro-
priate management information sys-
tems should be established.

Social principles

2.1 A sufficient supply of water and
adequate means of sanitation are basic
human needs to which everyone should
have access.

2.2 Users have an important role to
play and their involvement should be

Gerd Forch

fostered via a participatory approach.

2.3 Gender implications should be
examined and taken into account at all
stages of the planning and implementa-
tion process.

Economic and financial principles

3.1 Water has an economic value
and should be recognised as an eco-
nomic good.

3.2 Charging rariffs for water ser-
vices is an important component of any
strategy for sustainability.

»3.3 Demand Management should
be used in conjunction with supply pro-
vision,

Environmental Principles

4.1 Water-related activity should
aim to enhance or cause at least detri-
mental effect on the natural environ-
ment and its health and life-giving
properties.

4.2 The allocation and consumption
of water for environmental purposes
should be recognised and given appro-
priate emphasis.

4.3 Environmental change should
be menitored so that improvements can
be encouraged and detrimental impacts
minimised.

Information, education and commu-
nication principles

51 A sound information and
knowledge base is needed for effective
actions within all water-related activities.

5.2 Education is a vital component
of water-related schemes if health and
life enhancement benefits are to be
achieved and sustained,

5.3 Communication and awareness
building are essential ingredients in all
forms of water resources management,
Technological Principles

6.1 A balanced approach towards
hardware and software components of
projects should be adopted.

6.2 Choice of technology should be
governed by considerations of its effi-
ciency, appropriateness, cost, and suit-
ability for local conditions.

Implementation Strategies

There are various approaches to
implement these new principles. A few
examples should illustrate the already
started process:

Co-operation between the users of a
source: The Nile Conference 2002 is a
very promising step forward to get the
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Lommercialisation

Nile water resources utilised for the
benefit of all people in the Basin (Nile
Council 1999)

Co-operation berveen stakehold-
ers: For the design of appropriate and
atfordable technical solutions for rural
water supply all stakeholders — users,
planners, builders, financiers — need to
get involved, as it is practised in
Oromiya at zonal levels.

Establishment of water tariff poli-
cies: Without appropriate water tariffs
for the provision of water these new
principles will never work as it has
been shown with the evaluation of the
Warer Tariff in Addis Ababa.

Two examples from the Project
work should further demonstrate the
new policy: The new management
guidelines for rural water supplies and
the efforts to re-organise the water sec-
tor in Oromiya Region.

RWSS Management Guidelines
in Oromiya (OWMERDB 1998)

These guidelines were worked out
by the Project and endorsed by the
State Council in June 1998.
Objectives

Define the legal and economic sta-
tus of the user groups or water committees

Water committees are defined as le-
gal entities with all rights to use and
manage the source and the system

Define their relationships with the
Water Bureau, NGO etc

They are recognised by the Water
Bureau as their agents; however, they
are still supervised by the Bureau

Introduce the cost coverage concept

Full cost coverage is the aim for all
RWSS. The implementation started in
December 1998. It was shown, that wa-
ter prices berween 3 and 5 Birr per m’
are affordable and covering the full cost

Re-organisation Study Water Bu-
reau 0romlya(GmRODECO.’DWMERDB 1999)

A new structure has been proposed
to improve the services of the Water
Bureau

The Bureau has been divided into

- three new organisations, the new Water

Bureau, the Imrigation Authority and

the Water Works Construction Enter-
prise

The new structure considers the
separation of regulatory from ser-
vice functions

The new Water Bureau is respon-
sible for formulating policies, monitor-
ing of sources and activities, and guid-
ance of users, whereas the services
should be provided by autonomous in-
stitutions eventually
The new structure is heading to-
wards the commercialisation of the
water provision

The UWSS will be eventally
commercialised like the RWSS; Con-
struction activities will be under the
WWCE; technical services will be
taken out from government institutions
New management principles will be
adopted

The new structure is only the basis
for a new policy where the sources will
be managed sustainable, the provision
of water and services will be done effi-
ciently and at cost prices, where flat hi-
erarchies and modern principles of per-
sonnel management will be the basis
for improved water resources manage-
ment.

However, the re-organisation will
take some time before the target of effi-
cient service provision will be reached.
At the start, only the separation of the
former OWMERD Bureau into the
three new organisations was endorsed.
Further reforms, like the introduction
of modern management principles, are
still under consideration.

Conclusions

"Efficient provision of water on
sustainable basis is a management
problem rather than a technical one.

“Public funds are limited as well as
thC warter resources.

“Better management and source al-
location is essential for any develop-
ment.

“Commercialisation is essential for
providing water at affordable prices
and to limit consumption in accordance
with available sources.

"Oromiya is already on the right
way; however, it will take some years
to realise the benefits of the changes.

—
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Ethiopia and the Issue of the Nil

e Waters

Abebe Belachew, Lecturer, Arbaminch Water Technology Institute, P.O.Box.21,Arbaminch, Ethiopia

Abstract

The issue of the Nile waters is a pressing issue to Ethiopia. Itis clear that Ethiopia’s socio-economic development is
hampered by the age-long wars it has been .involved and the frequent droughts that have occur.red. Most oflthe
country’s water resources potential is l_ocated in the Nile River basin. Although, the Nile river basin is the longest rn’!er
in the world encompassing ten sovereign states and traversing through 6,825 kilometers, there is no comprehensive
agreement binding all the riparian states so far. The few agreements that exist to date are entered between some of the
riparian states mainly with the aim of securing the interests of one riparian state (Egypt) or to some extent (Sudan) to
the total exclusion of other riparian states. Therefore, those who contribute almost all the waters use almost none but

those who contribute nothing use most of its waters. This paper presents the socio-political realities of the Nile waters
from International water law point of view. :

Introduction

Ethiopia, with a total geographical
area of 1.13 million square kilometer,
has a highly rugged topography and its
rainfall resource is highly variable,
Moreover, the country is naturally en-
dowed with quite a substantial amount
of water resources potential in its 12
drainage basins (Fig. 1). Among these
river basins Blue Nile (201000 km2),
Tekeze (82000 km2), Barro-Akobo
(74104 km2) and Mereb-Gash (23900
km2) make up Ethiopia’s contribution
10 the Nile waters (in which they cover
more than 381000 km2 geographical

area and more than 86% of the total
Nile waters).

According to recent studies by Min-
istry of Water Resources (MOWR,
1998), the total annual surface water
potential of the country is estimated to
be 110 billion cubic meter and the total
annual groundwater potential amounts
in the order of 2.6 billion cubic meter.
More0ver, the potential land for irriga-
tngn is more than 3.5 million hectares
with less than 3% of potential being
Presently utilized, The potential annual
hydropower production of the country
on the other hand is estimated to be
161,000 Gega Watt Hour; with less
than 1.5% of the potential being pres-
ently utilized. This makes Ethiopia the
second country with huge hydropower
Potential in Africa next to Democratic
Congo (former Zaire). Therefore it is a
p‘arelxdox that the world knows about
Ethiopia by its recurring droughts
linked with famine rather than by its
Vastnatural resources. This impression
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is however largely due to media im-
ages. Almost the majority of the
country’s irrigation” and hydropower

production potential is from the Nile
waters,

Although, the Nile river basin is the
longest river in the world encompass-
ing ten sovereign states and traversing
through 6,825 kilometers, there is no
comprehensive agreement binding all
the riparian states so far. The few
agreements that exist to date are en-
tered between some of the riparian
states mainly with the aim of securing
the interests of one riparian state
(Egypt) or to some extent (Sudan) to
the total exclusion of other riparian
states. Therefore, those who contribute
almost all the waters use almost none
but those who contribute nothing use
most of its waters.

This paper presents the socio-politi-
cal realities of the Nile waters from In-
ternational water law point of view.

Water law

There is no as such well-defined
field of specialization called water law.

-Water law covers a combination of

laws that have developed in ene or
more of the various fields of law that
had somehow a connection with water.
Laws of state such as constitutional
law, administrative law, criminal law,
civil law, agrarian law, mining law, en-
vironmental law, etc. are fields of law
that may have connection with water
law. However, judicial systems are
moving in the direction of establishing
a comprehensive water law.

Water law has been defined as the
creation, allocation and distribution of
water rights, Water law is made up of
all the provisions which in one way or
other govern the various aspects of wa-
ter management, i.e. water conserva-
tion, use and administration, the con-
trol of the harmful effects of water, wa-

ter pollution and so on (Caponera,
1992).

Over the last two thousand years,
five different systems of water law and
administration have developed. These
are: customary law, Roman law (com-
mon law countries & civil law coun-
tries), Islamic law, Soviet law and
Hindu & Buddhist law. Based on
which different countries have devel-
oped their national water law.

What is more interesting from the
objective of this paper is international
water law not national water law. So
far there is no comprehensive legisla-
tion regarding intemnational river ba-
sins that is binding every UN member
states. However, there are principles,
rules, and codification that apply to the
use of international river basins.

International Water Resources

Law

In order to manage international
water resources in a sustainable way,
the international community is not yet
able to have convention or treaty or
legislation. The reason to this is partly
due to the significant regulating nature
of water resources to activities of man

23




-

Issue of the Nile

“w

and partly due to unequal economic
and power balances among riparian
states sharing intemational water re-
sources. In this regard a brief discus-
sion of basic principles and rules of in-
ternational water resources law is pre-
sented in this section.

Principles

The two main principles of tradi-
tional international water law conflict
with each other. They are:

(1)Absolute Territorial Sovereignty
(the Harmon doctrine) ; by virtue of
which a state can dispose freely of the
waters actually flowing through its ter-
ritory, but has no right to demand the
continued free flow from other coun-
tries.

(2)Absolute Integrity of State Terri-
tory ; by virtue of which a state has the
right to demand the continuation of
narural flow of waters coming from
other countries, but may not for its part
restrict the natural flow of waters flow-
ing through its territdty into other
countries. Gradually these two ex-
treme principles became eroded to ar-
rive at the following additional prin-
ciples:

(3)Community of Property in Water
by virme of which rights are either
vested in the collective body of
riparians or are divided proportionally,
or any other kind of absolute restriction

24

Fig, ML 1. LOCATION OF THI FTHIOPUN PORTION
OF THR NILE BASIN

on the free usage of the waters by the
riparians is created in such a way that
no one state can dispose of the waters
without the positive cooperation of the
others. This approach streams from the
practical consideration that the geogra-
phy of a river often has little if any rela-
tionship to the political frontiers that
divide its waters; it is often necessary 10
develop an integrated program for the
entire river basin.

(4)Restricted  Territorial ~ Sover-
eignty; In practice this is the most
prevalent principle and attempts at
combining the principle of absolute
sovereignty and the principle of abso-
lute integrity of state territory but does
not go as far as the principle of commu-
nity of property in water.

(5)Sovereignty Subject to Duty;The
Resolution on Permanent Sovereignty
over Natural Resources, 1962 (G.A.
Resolution 1803 (XVII) G. A. O. R.
17th session ) declares that,

a. The right of peoples and nations to
permanent sovereignty over their natu-
ral wealth and resources must be
exercised in the interest of their na-
tional development and of the well-be-
ing of the people of the state con-
cerned;

b. The free and beneficial exercise of
the sovereignty of peoples and nations
over their natural respect of states
based on their sovereign equality;

¢. Violation of the rights of people and

—

nations to sovereignty over thejr p,
ral wealth and resources is Connatu.
to the spirit and principles of the s
ter of the United Nations and hinder;
the development of internatigy,
cooperation and the maintenance of
peace.

It is quite clear, thus that soyer.
eignty over natural resources is exer.
cised only in the “interest of nationa]
development and is based on mura]
respect for the sovereignty of other
states.”

At Stockholm in 1972, the Declara.
tion on the Human Environment stated
that: “States have in accordance with
the Charter of the United Nations and
the principles of international law, the
sovereign right to exploit their own re-
sources pursuant to their own environ-
mental policies, and the responsibility
10 ensure that activities within their ju-
risdiction or control do not cause dam-
age 1o the environment of other states
of areas beyond the limits of national
jurisdiction” (Stockholm declaration,
1972 Principle 21).

(6)The Principles of Reciprocity ; In
the case of non-navigable rivers, the
upper riparian always felt it had the
greatest power to do what it liked with
the waters of the flowing rivers. [t was
towards the second half of the last cen-
tury that upper riparians began to feel
somewhat vulnerable and began to im-
pose duties in the lower riparians. |
think this is what gave rise to the prin-
ciple of reciprocity and that reinforced
the principle of good neighborliness

(7)The Principle of Good Neighborli-
ness; Dury Not to Causc Injury; This is
based on Principle 74 of the UN Char-
ter that recognizes the principle of
good neighborliness. Other declara-
tions, cases, arbitral tribunal suchas the
Declaration of American states at th
Montevideo conference of 1933, the
lake Lannoux case of France, the
Madrid Resolution of the Institut€ of
International Law 1911, The Inter"
American Bar Association at its coﬂfef’
ence in 1957, the decision of the ArbI-
tral Tribunal in the Trail Smeltef dis-
pute between Canada and the US S12'°*
are also the basis of this principles-
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(he Lake Lannoux case for example,
France upheld that: ™ the sovereignty
inits own territory of a state desirous of
carrying out hydropower develop-
ments,” and at the same time recog-
nized  the correlative duty not to in-
jure the interests of a neighboring
state.”

(8)Equity ; * If state A is dependent
upon the waters ot a territory, it would
seem that it has a prescriptive or his-
roric right to the enjoyment of the river,
The right to use water is based on im-
memorial usage.” The International
Law Association (ILA) at its
Dubrovnik conference in 1956 stated:
- states upon an international river
should in reaching agreements, and
states or tribunals in settling disputes,
. weigh the benefit 10 one states
against the injury done 1o another
through a particular use of the water.
For this purpose, the following factors,
among others, should be taken into
consideration. (ILA, 1957):

a) The right of each to a reasonable
use of the water;

b) The extent of the dependence of
each state upon the waters of that river;

¢) The comparative social and eco-
nomic gains accruing to each and to the
entire river community;

d) Pre-existent agreements among
the states concerned;

e) Pre-exisient appropriation of wa-
ter by one state.”

The principle of prior appropriation
is sometimes regarded as the guiding
principie. A UN report states that: “his-
toric uses and priority of appropriation
have come to have an almost sacred
significance, irrespective of the actual
benefits derived, or whether the water
is being put to the best use.” The start-
ing pointseemed to be the protection of
existing uses in both the upper riparian
country and the lower riparian country.
First in time is also first in right. This
principle unfortunately although out of
date in theory is very much prevalent in
practice and can cause major problem
when an underdeveloped country like
Ethiopia is dealing with a developing

country like Egypt as in the Nile water
case.
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Rules and Codifications:

The Helsinki Rules on the Use of
Water of International Rivers; ILA
prepared the rules on the use of waters
of international rivers in 1966. Ac-
cording 10 these rules , “cach basin
state is entitled, within its territory, to a
reasonable and equitable share in the
beneficial uses of the waters of an inter-
national river basin”. It states that “a
basin state may not be denied the
present rcasonable use of the waters of
an international drainage basin 10 re-
serve for a co-basin state a future use of
such waters.” Importantly, it provides
that “A use will not be deemed an exist-
ing use if at the time of becoming op-
erational, it is incompatible with an al-

ready existing reasonable use (Article
Vi)

The ILC Law on Non-naviga-
tional uses of International Water-
courses; ILC, a UN body, does not fa-
cilitate the preparation of Treaties or
Convention. But it codifies the devel-
opment ot law i7 requested to do so.
The ILC presented this law to the Gen-
eral Assembly of UN in 1991, At its
49th session in 1994, the General As-
sembly invited states to present their
written comments on the ILC law by 1
July 1996. In October 1996, a frame-
work law was expected to be adopted
by the states on the non-navigational
uses of international watercourses. But

as we all know, this could not become
possible.

In fact in the codified law, Article 3
€MpOWETS Walercourse countries to en-
ter into watercourse agreements with
cach other which apply and adjust the
provisions of the code to the character-
istics and uses of a particular interna-
tional water course. Furthermore, ev-
ery watercourse state has a right 1o par-
ticipate in the agreement. This law re-
quires thart the general principles will
be equitable and reasonable utilization
of the water should be consistent with
adequate protection of the watercourse.

Equitable utilization, for the pur-
pose of this code implies taking, into
consideration the following (Article 6):

- Geographic, hydrographic, hydro-
logical, climatic, ecological and other
factors of a natural character.

- The social and economic needs.

Abebe Belachew

- The effects of the use of water-
courses by one state on another state.

- Existing and potential uses.

- Conservation, protection, devel-
opment and economy of the use of wa-
ter and the costs of measures taken to
that effect. ;

- The availability of alternatives

The code requires watercourse na-
tions to use the water in such a way “as
not to cause appreciable harm to other
watercourse states.” (Article 7). Dr. R.
D. Hayton of the ILA explains that *
Appreciable " is less than *‘substantial ™
and more than " perceptible.”

For measures that are planned, each
watercourse state is obliged to inform
his co-watercourse states of the
planned measure and its possible ad-
verse effects (Article 12). The notified
state has six months to respond. If it
has objections to the plan, there should
be consultations and negotiations and
each state must in good faith pay rea-
sonable regard to the rights and legiti-

mate interests of the other srate. (Ar-
ticle 13).

Article 8 states general obligation
10 co-operate “watercourse states shall
cooperate on the basis of sovereign
equality, territorial integrity and mu-
wal benefit in order to atrain optimal
utilization and adequate protection of
an international watercourse”. Regular
exchange of data and Information is
also stated in Article 9 as ** pursuant to
article 8, watercourse states shall on a
regular basis exchange reasonably
available data and information on the
condition of the watercourse, in pag-
ticular that of a hydrological, meteoro-
logical, hydrogeological and ecologi-
cal nature, as well as related forecasts.”

Furthermore Article 26 states, “wa-
tercourse states, shall, at the request of
any of them, enter into consultations
concerning the management of an in-
ternational watercourse, which may in-
clude the establishment of a joint man-
agement mechanism. Finally, Article
29 states that at times of armed conflict
water resources should be protqcted.

Summarizing, all the above interna-
tional water law principles or rules or
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rt Ethiopia's rights
n the contrary some
being skillfully

codifications suppo
to the Nile water. )

of the principles are
used by Egypt not to fully acknowl-

edge Ethiopia’s sovereign right.s _to .the
Nile waters. For this purpose, it is im-
portant to briefly discuss the existing
meaties on the Nile river basin.

Existing Agreements and

Treaties

The presence of British colonialism
in Egypt and Sudan in the 19th and
early 20th century basically dictated
the issue of agreement and treaties
about the Nile river basin, British in-
terest in this regard was to secure water
rights that favoured 2 single state
(Egypt) at the expense of the interests
of the whole basin. As the British
never had any control of Ethiopia, they
tried different schemes 1o achieve the
same objectives indirectly through co-
lonial horse-trading. Italy, which had
long lasting colonial designs on Ethio-
pia came handy in this ploy.

With the end of British colonial rule
in the area, Egypt continued to follow
the old British objective of putting the
whole of the Nile waters to its exclu-
sive benefit through various schemes.
An Eritrean view in Ethioscope maga-
zine (January 1995) states this Egypt's
objective by a proverb “A curse for
someone may be a blessing for an-
other”, and vice versa. Based on
which, Egypt has used skillfully its
geopolitical and strategic position in
the region 1o give it a near monopoly
over the Nile waters.

The following are some of the ex-
isting agreements and treaties (Girma,

1997):

The protocol signed in Rome on
15 April 1891, between Great Britain
and Italy; stipulated in its third article
that “the Italian Government under-
1akes not to construct on the Atbara any
works that might sensibly modify its
flow into the Nile.” This treaty has no
binding effect on Ethiopia since Italy
was not able to colonize Ethiopia.

26

ent between the

The 1902 Agreem :
Ethiopia; this

Great Britain and
agreement, signed at Addis Ababa on
15 May 1902, is one of tbe earliest
agreements regarding the Nile \vafer‘s.
In fact the treaty between Great Britain
and Emperor Menelik of Ethiopia was
basically to demarcate the frontiers be-
tween Ethiopia and Sudan. However,
Article I1I was about the use of the Nile
waters which reads “His Majesty the
Emperor Menelik Il engages himself
toward the Government of His
Britannic Majesty not to construct or
allow to be constructed, any work
across the Blue Nile, Lake Tana or the
Sobat which would arrest the flow of
their waters into the Nile, except in
agreement  With His  Britannic
Majesty's Government and the Gov-
ernment of the Sudan.”

By this agreement, assurance was
made against a probable unilateral and
complete “stoppage” of the Nile waters
before an agreement was reached on
mutually satisfactory basis. According
to the Amharic version, as long as
Menelik did not “stop” the flow of the
Nile waters, Article Il of the 1902
treaty did not restrict him from using
the Nile waters through diversion. One
can also argue that the agreement by
specifying “except in agreement with...
the Government of Sudan™ is made in
favor of Sudan and, according to the
principle of treaties, Egypt can not
claim any rights from the agreement.

Even if one assumes that the signa-
tories originally intended to subordi-
nate Ethiopia’s interest on the Nile wa-
ters to Sudan’s consent, it could be con-
tested that, in the circumstances of
close to a century since the signing of
the 1902 agreement, situations on the
use of waters have changed dramati-
cally rendering the article on water in-
applicable based on the doctrine of re-
bus sic stantibus.

According to Caponera, Ethiopia
never ratified the 1902 agreement.
Fuﬁhcrmore it also maintained that the
British could not obtain any right from
tl?e treaty as they had subsequently de-
nlet_i the sovereignty of Ethiopia by
tl_1e1r act of accepting Italian sover-
cignty over Ethiopia. “In 1935 when

Great Britain recognized Italy’s annex.
ation of Ethiopia, a situation was cre.
ated whereby Ethiopia could argue thy,
all agreements to which Great Britajy
was a party and which requires
Ethiopia’s approval was void.”

The 1906 Tripartite Treaty be.
tween Britain, Italy and France; Sub-
sequent to the 1902 agreement, a'sec-
ond formal reference to Ethiopia in
connection with the Nile waters is con-
tained in the so-called Tripartite Agree-
ment between Great Britain, France
and Italy signed in London on Decem-
ber 13, 1906. Without consulting
Ethiopia, the three colonial powers col-
laborated to act together to safeguard
the interest of Ethiopia. Emperor
Menelik rejected the agreement as d
sinister ploy against the sovereignty of

Ethiopia.

The 1925 Anglo-Italian Exchange
of Notes; in this exchange of notes 14
and 20 December 1925, Italy recog-
nized the prior hydraulic rights of
Egypt and the Sudan in the headwaters
of the Blue and White Nile and their
ributaries and agreed not to construct
on the headwaters any works which
might sensibly modify their flow 1nto
the main river. When the news of this
exchange of notes reached Addis
Ababa, it aroused an angry reaction and
Ethiopia, by then a member of the
League of Nations, dispatched a protest
note to members of the League against
the designs of the two Governments on
its sovereignty. The Ethiopian protest
note was circulated to members of the
League and the British and Italians who
were embarrassed, backed away from
their position and declared publicly
that they did not have any ambition on
the sovereignty of Ethiopia. The
celonialist ploy was thus, effectively
challenged and the agreement never
materialized.

The 1929 Nile Waters Agreement
between Egypt and Great Britain;
Paragraph 4 of the Exchange of Notes
between the Great Britain and Egypt
signed in Cairo on 7 May 1929 pro-
vided: “save with the previous agree-
ment of the Egyptian Government, no
irrigation or power works or measures
are to be constructed or taken on the
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\jle River and its branches or on the
Jakes from which it flows, so far as all
{hese are in the Sud‘arll or 1.n COUntT'lCS
under British administration, which
would, in such a manner as 10 entail
any prejudice to the interests of Egypt,
citiner reduce the quantity of water ar-
riving in Egyptor modify the date of its
arrival, or Jower its level.” By virwue of
this agreement. Egypt recognized the
Sudan’s right to water adequate enough
for its own development, so long as
Egypt’s "natural and historic rights”
were protected. The agreement,
through an accompanying document,
allocated to Egypt 48 billion cubic
meters of the Nile waters as against 4
billion cubic meters of water to the
Sudan annually. What is most interest-
ing about this agreement is Egypt’s in-
sistence in inserting a phrase showing
its claim 1o prior appropriation use of
the Nile waters.

Ethiopia did not recognize the va-
lidity of this agreement nor did it ever
accept Egypt’s claim to acquired or his-
toric rights. Moreover, as the agree-
ment was signed between Egypt and
Britain, it can not have a binding effect
on Ethiopia. According to the principle
of treaty making, a treary made be-
rween two parties can not have a bind-
ing effect on a third party without its
consent res inter alios acta. Other ri-
parian countries such as Uganda, Tan-
zania, and Kenya did not consider
themselves bound by this agreement
after independence. Even the Sudan,
after its independence formally repudi-
ated the agreement in 1958 on the
grounds, inter alia, that “economic and
technical development since 1929 had
rendered these provisions obsoles-
cent.”

The 1959 New Agreement be-
tween Egypt and Sudan; Paragraph 1
of the preamble of this agreement reads
“As the River Nile needs projects, for
its full conwrol and for increasing its
vield for the full utilization of its waters
by the Republic of the Sudan and the
United Arab Republic on technical
working arrangements other than those
now applied.”

Both during the negotiation and at
the conclusion of the 1959 agreement
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Ethiopia has rejected the validity of the
1959 agreement. In a communiqué is-
sued on 6 February 1956, Ethiopia an-
nounced its plans for the utilization of
the vast irrigation and hydrological po-
tential of Ethiopia and in a 1957 aide
Memoir, the Government; *“‘reasserted
and reserved now and for the future the
right 1o take all such measures in re-
spect of its water resources and in par-
ticular, as regards that portion of the
same which is of the greatest impor-
tance 1o its welfare, namely, those wa-
ters providing so nearly the entirety of
the volume of the Nile, whatever may
be the measure of utilization of such
waters sought by recipient states situ-
ated along the course of the river.” The
Aide-Memories concluded: *The Gov-
ernment must naturally draw the neces-
sary consequences and conclusions and
assert the full measure of its freedom of
action as regards discussion being pur-
sued concerning the water flowing
from its territory and as to which, un-
like the discussion pursued in the pe-
riod between 1924 and 1951, it has not
been consulted. Under these circum-
stances, Ethiopia, alone the sources of
nearly the entirety of the waters in-
volved must, once again make it clear
that the quantities of the water avail-
able to others must always depend on
the ever increasing extent to which
Ethiopia the original owner will be re-
quired to utilize the same for the needs
of her expanding population and
economy.”

At the UN water conference at
Marda de Plaata, Argentina, in 1977.
Ethiopia also made its position clear
that, it reserved its right to exploit its
natural resources to the benefit of its
people. Likewise in a statement of 27
August 1959, Great Britain, this time
acting on behalf of its East African
colonies, reserved their rights to nego-
tiate for additional water should the
need arise. The statement reads “The
territories of British East Africa will
need for their development more water
than they at present use and will wish
their claims for more water to be recog-
nized by the other states concerned.”

An interesting factor as far as the
legal principle in the 1959 agreement is
concerned is the changes in Egypt's
position of “acquired rights.” While

the 1929 agreement clearly stipulated
the long standing position of Egypt on
the principle of “acquired rights” or
“priority of appropriation” of the Nile
waters, the 1959 agreement made a
clear departure by abandoning the use
of the term “acquired rights.” “Only
the 1959 agreement did Egypt distance
itself from this doctrine [of absolute
integrity of state territory] and accept
the principle of more equitable alloca-
tions of waters...” The 1959 agreement
had implicitly accepted the evolving
principle of equitable utilization By
recognizing, the rights of annual share
of Sudan 10 18.5 billion cubic meters
and 55.5 billion cubic meters to itself as
measured at Aswan.

Egypt and Sudan have made a pro-
vision in the agreement “To study to-
gether” and “Adopt a unified view” on
other riparian claims to a share in the
Nile waters. *If such studies result in
the possibility of allotting an amount of
the Nile waters to one or the other of
these territories, then the value of this
amount as at Aswan shall be deducted
in equal shares from the share of each
of the two Republics.”

Problems for Negotiation and,

Cooperation

In spite of the above basic prin-
ciples of international water resources
law and existing agreements, Egyptian
attitude regarding the Nile waters still
reflects its adherence more to absolute
integrity of state territory than to equi-
table utilization. The constructioh of
major projects on the Nile such as the
Aswan High Dam, recently the Peace
Canal across the Suez Canal to Sinai
desert and of late the Tochka Canal
without consultation with upper ripar-
jan states, amply demonstrates this
rigid Egyptian position.

As far as the Nile is concerned,
there is no single statement or agree-
ment which acknowledges that all the
riparian countries have rights to their
water resources or that these rights are
limited in any way and guided by the
principle of just and equitable water
sharing. However, from the over-
whelming development of interna-
tional law in the use of international
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Issue of the Nile

Table 1. International Water Disputes (After Gupra, 1995)

RIVER COUNTRIES IN DISPUTE ISSUES
Nile Egypt, Ethiopia, Sudan Water flows, siltation, flooding, diversion
Euphrates, Tigris Iraq, Syna, Lebanon Reduced waler flow, salinisation
Jordan, Yamruk, Litani, WestBank aquifer Israc), Jordan, Syria, Lebanon Water flow, diversion
Indus, Sutleji India, Pakistan imigation
Ganges, Brahmaputra Bangladesh, India Siltation, flooding, water flow
Salween Myanmar, China Siltation, flooding
Mckong Cambodia, Laos, Vietnam, Thailand Water flow, flooding
Parana Argenling, Brazil Dam, land inundation
Lanca . Boliviz, Chile Dam, salinization

Rio Grande, Colorado

Mexico, United States of America

Salinization, water flow, agrochemical |
pollution

Rhine France, Netherlands, Switzerand, Industrial pollution
Germany
Mass, Schelde Belgium, Netherlands Salinization, industrial pollution
Elbe The Czech and Slovak Republics and Industrial pollution
Germany
Szamos Hungary, Romania Industrial pollution

watercourses that has been applied by
almost all other international river sys-
tems in the apportionment of water
right should have been welcome by the
Nile riparian countries, t0o. But, politi-
cal leaders and regimes in Egypt are re-
luctant 1o negotiate and cooperate
based on the principle of equitable dis-
tribution of the Nile waters, sticking 1o
maintaining the status quo at the total
expense of others.

An Erimean view in the January
1995 issue of Ethioscope magazine
clearly explained the attitude of policy
makers of Egypt. Egyptian policy to-
wards the Horn of Africa urmned the re-
gion to turmoil, war, misery and famine
that have taken the lives of millions and
hampered the socio-economic devel-
opment of the region. Egypt’s primary
concern among the countries of the
Hom has been with Ethiopia. In the
last 30 10 40 years, Egypt followed the
Cold War menality of “destabilizing a
country or force that constituted a po-
tential threat to one’s interests.” To
thwart the threat that Ethiopia posed to
the Nile waters, Egypt greatly enter-
tained in the establishment of opposi-
tion parties from Eritrea (mainly the Is-
lamic League) (o the extent of actively
co-operating in allowing radio broad-

casts and student activities on its soil.
Regarding Sudan, Egypt has been pur-
suing a hegemonistic and unfair policy
to undermine Sudan’s full indepen-
dence especially during Nimeir’s gov-
emment. Egypt played also a major
role in prodding both Djibouti and So-
malia to join the Arab League in order
to secure its control in the Red Sea (so-
called Arab Lake) and the Homn of Af-
rica region. And in the eyes of the
Egyptians, Ethiopia would have been
encircled by the Sudan, Eritrea, Soma-
lia and Djibouti. Moreover, the turmoil
in Uganda due to barbaric dictatorship
has been also welcome by Egypt.

It must be acknowledged thatall the
myriad conflicts that prevailed in the
Horn were not instigated by Egypt. As
a matter of fact, most of these conflicts
were spawned by the concerned coun-
tries/regimes themselves. The net re-
sult of the prevailing turmoil and con-
flict- whether seen in isolation or in
their totality- however, proved the pro-
motion of Egypt’s interests and, thus,
constituted a blessing. However, the
issue of the utilization of the Nile wa-
ters is not the only disputable one,
There are several international water-
courses that are still disputable (Table

1).

—

5.Conclusign

As it ha; been briefly discusseg
above, there is neither binding inferng.
tional convention or legislatiop noy
specific convention or agreemeny bing-
ing all Nile riparian countries op the
utilization of internationial® waey.
courses. In fact all the existing prin-
ciples of international water resources
law or existing agreements do not de.
prive Ethiopia’s legitimate right to the
Nile waters. However, there is a pur-
poseful and determined effort by Egypt
to use and constantly maximize the use
of every bit of Nile waters even beyond
its natural drainage basin based on its
policy of turning the Horn- as a case of
misplaced hostility for the last 30 10 40
years. Even today Cairo’s policy-mak-
ers still follow the cold tradition of be-
coming reluctant to entertain new ideas
being backed by cerain diplomatic ad-
vantages that they still enjoy. The fact
that as a major broker in promoting the
Arab-Israeli relationship in general and
the Israeli-Palestine issue in particular,
thereby earning the gratitude of the
United States of America.  This,
coupled with the access they enjoy to
the international media for certain rea-
sons, is pushing them 1o gloss over and
Suppress certain major issues regard-
ing the Nile waters. But will this dispo-
sition be sustainable in the long-term?
Is it the only alternative they have? The
author would like to remind Caira’s
policy-makers to stop their pace for a
second, think and draft their policies in
a sustainable way for the benefit of all
peoples sharing their god given gift of
the Nile waters.

What is surprising is the recent
Eritrean aggression against Ethiopia
that aggravates the Hom’s age of tur-
moil, war and misery. The Asmara’s
policy-makers who have expressed
their view’s clearly in the January 1995
issue of Ethioscope magazine that
Egypt’s attitude 1owards the Hom is
still based on the local proverb: “A
curse for someone may be a blessing
for another” within 2 1w 3 years,
changed their view and are in fact pro-
moting Egypt’s interest once again.

However, what is sustainable and
justice regarding the issue of the Nile
waters is to negotiate and cooperate in
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:th on the basis of the principle
good fé.n ble utilization. The riparian
of equitd the Nile can thus avoid the
suates of ing in competitive and
danger of €nBas : d
tip+ use of the Nile wa‘ters an

conmilo;; a beneficial and optimal uti-
embar of the Nile waters.

“Zag:l such swategy for upstream -
Jownstream cooperation in the utiliza-
. fthe Nile waters, as has been con-
e od by various river basin studies, is
ﬁmconsgruction of the Lake Tana Res-
the-cfir for irrigation (which could pre-
mm the loss of nearly 15 billion cubic
vmeeter annually) and the Upper B!ue
Nile Reservoirs for hydropower (which
;ould reduce losses at Lake Naser and
Rosiers Reservoirs by more than 50%)
(Whittington, et al. 1994). Moreover,
recent studies by MOWR indicate that
if the Upper Blue Nile reservoirs are
constructed and the produced hydro-
power is exported, Ethiopia will earn
foreign currency more than twice that
of coffee annually. Ethiopia, with its
growing population of approximately
122 million by the year 2025 (20%
higher than that of Egypt), sooner or
later will seek to tap its abundant water
resources of the Nile (present utiliza-
tion is less than 1 billion cubic meters)
for its development needs, to ensure
food security and avert the dangers of
frequently recurring droughts which it
had painfully experienced.

Finally, the author would like to
stress his view that Ethiopia’s policy-
makers being backed with the above
facts and the various principles of inter-
national water resources law, have
great responsibility to direct the
country’s policy towards building of a
self-sufficient, coherent, developed,
powerful and dignified naticn through

utilization of the country’s water re-
sources.
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Design of Monitoring Networks for Riyg,

Water Quality Mangement in Ethiopia

Berhanu Adugna, Lecturer, Arbaminch Water Technology Institute, P, O.Box.21, Arbamineh,
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Abstract

Water quality management is an important issue in various environmental programs and is one of the key issuey
towards achieving sustainable development. It is considered as an important environmental planning ang managemg,,
tool to detect, control, or to evaluate the human-health or ecological effects of single chemical or mixture

Coming from the International Conference on
Conference Statement that data and in formation
to sustainable development. In most countries,
ing which is the first st3p in water quality man
be restricted by lack of funds and therefore
quality monitoring activities can limit many
management. When a society moves towards iy
are bound to increase in concentration and
Ethiopia could face water quality problems ¢
Hence, water quality monitoring network, w
opment in Ethiopia, must be established.

1. Introduction

Water is a precious and finite Te-
source serving present and future gen-
erations. Water is the most essentia] of
all life supporting resources and like-
wise for development of social life.
The people of Ethiopia are making in-
creasing demand on its water for all
faces of development. Rapid popula-
tion growth generates more wasles,
which are disposed of without proper
weatment in watercourses, and hence
causes severe microbial and chemical
contamination to the rivers of Ethiopia.
The availability of sustainable sources
of water of acceptable quality hashad a
profound influence on human develop-
ment. The management of river basins
deals with variety of user functions and
environmental aspects. Recently, water
quality management in many countries
has evolved into aneexpensive and
complex series of activities designed to
protect and control the quality of water
for. different uses. However, in other
counmries water quality management
Progression is restricted by the lack of
funds and specific scientific informa-
Jtion and therefore remains at levels jn-
volving fewer activitjes.

of chem fcals,

Water and Environment in Dublin there is an acknowledgmeny j,, the
on waler resources and water use provide the know!edge base necessyy

mostwater quality management laws always require water quality monirg,.
agement. However, in Ethiopia water quality management progression may
remains at lgvels involving fewer activities. The lack of appropriate
governmental and private efforts in accomplishing specific water quality
tdustrialization and development in the li ving standards, the waste materialy
type. Evidently poliution is creeping to different rivers in Ethiopia. Tius,
hat may be more demanding and difficult to handle than those of quantiy,
hich can greatly contribute to establishing sustainable water resources devel-

Water

The objective of this paper is to design a monitoring network for river water
quality management purposes in Ethiopia based on World Meteorological Organization (WMO) recommendations 19
obtain as much as data and information as needed.

Water quality monitoring is an im-
portant issue in various environmental
programs. It is considered as an impor-
tant environmental planning and man-
agement tool to detect, control, or to
evaluate the human-health or ecologi-
cal effects of single chemical or mix-
ture of chemicals, Monitoring is the
first step in water quality management,

The quality of water has probably
been a major concern since the begin-
ning of humanity: saline and bitter wa-
ters had to be avoided for human and
cattle. Water quality still has not gota
universally accepted definition. One
definition refers to the chemical com-
position of waters as: (1) a set of con-
centrations, speciations and physical
partitions of inorganic and organic sub-
stances. In addition to this objective
description resulting from the analysis
ata given time for a given station, two
major subjective attributes may be as-
sociated to water quality: (ii) the modi-
fication of namral composition and jts
impacton the aquatic biota, and (iii) the
relevance of measured chemical com-
position to the multiple human yses.
The first approach is mostly found in
the earth sciences, the second one in
ecology, while the Jast one is more a
water management point of view, The

definition of water quality has now
been extended to the overall quality of
the aquatic ecosystem based on water
chemistry, particulate marter chemis-
try, and health of the biological com-
munities and organisms. The aquatic
environment is no longer regarded for
its potential use by humans, such as for
drinking water, IrTigation, cleaning,
transportation, and power bur also for
its capacity to sustain aquatic biora in
equilibrium with the Jocal natural con-
ditions. This last concept, a recent one
in the history of humankind, has been
particularly developed in the last 40

years as the result of fast and irrevers-
ible changes.

2. The Necessity of Design of
Water Quality Network in
Ethiopia

At present, quite reliable informa- ;
tion on water levels and discharges are
available in Ethiopia. However, the
component of water quality monitoring
within the warter monitoring system of
Ethiopia has not yet been addressed
very well. In Ethiopia, like many other
countries, water conservation should

water 3(1) April 2000

Gener ated by CantScanner fromintsig.com




; Fydroloay |

ﬁaTJnical

e
A________—'_F :
clAgricultural ] [Domestic use
7
/
V M i [Recreatidnal
/
T [Navigational use ]
b4 ol
Y
[Interactions/Reapanse ]
N7
4 O
] ‘ Water .
5 ‘ l :
E | Y
R .
Sl L__ 4

s
H;drualic

E’ﬂ@gx___ Ecolo
M
+—
[Optimization/Decision-Makig )
:
B
J[Environment./ Development.”
£|Standards \Qﬁ!aria
] . ‘
7 Y ‘
! Y
v

[Quality Of Life _

S

Figure 1: "Analytical Framework of Watsr Quality Man'agn:\ant '

receive high attention before its dete-
rioration reaches a state that is difficult
to recover. In general, protection and
conservation are easier 1o implement
than remedial of polluted water re-
sources. The water utilization of the
Ethiopian River System for irrigation,
domestic and industrial uses and power
generation is bound to alter the quality
of its water and the natural environ-
ment. Thus several points need to be
taken into consideration for the neces-
sity of design of water quality network
in Ethiopia which could be made as fol-
lows:

1. Quality and quantity are two
equally important features of water re-
sources. This is because the chemicals
and biological features may make fresh
water hazardous to life.

2. Considering the high population
growth rate in Ethiopia and the possible
touching of 120 million populations in
less than 20 years from now leading to
increase in demand for safe water,
there is going to be a wremendous pres-
sure on irrigated agriculture, industrial

water 3(1) April 2000

expansion, urban and rural develop-
ment and the like. With this perspective
in mind, Ethiopia should even draw
plans for the design of water quality
monitoring networks. The life standard
of the population and the development
of the society of its water cannot be
separated from considerations of these
points.

3. The reliability of rainfall as water
resource in Ethiopia for agricultural
products is rather limited. Dams have
been and will be built across the rivers
and their tributaries for different pur-
poses. This transforms a watercourse
which is seasonal and annually viable
1o conserve water for imrigation or
power generation OT other purposes.
These dams control the river and sub-
stantially affect the river flows. Build-
ing of a dam creates a reservoir which
induces problems related to environ-
mental aspects.

4, The impact of human activities
within the river system due to agricul-
tural, urban and industrial development
affects both the quality and quantity of

Berhanu Adugna

its water. For example, the introduction
of industries and employment of auxil-
jary means in agriculture, fertilizers
and the use of agro-chemicals like pes-
ticide could disturb the nawral quality
of the river water. Deforestation in-
creases soil erosion and sediment
loads. Table 1 can be referred for the
sources and causes of water quality de-
terioration in rivers.

Thus, to maintain acceptable qual-
ity of water resources in Ethiopia, the
Ministry of Water Resources may be
responsible for implementation of a na-
tional water quality monitoring pro-
gram. Water quality monitoring should
be carried out as a regular routine activ-
ity and should not be used or regarded
as a means of response 1o Crisis situa-
tion. Rivers in Ethiopia suffer from in-
puts of effluents from both point and
non-point sources. Some rivers af-
fected by Municipal and 1n;lustrial ef-
fluents are Akaki river, Mojo river,
Borkena river, Awash river, etc., a situ-
ation that indicates a continuos threat to
their sustainability. Thus protection
against pollution is extremely urgent
and necessary as a precautionary mea-
sure for conservation of the river wa-
ters. A framework is used to analyze
the cause and effect relationship of wa-
ter quality. It comprises an objective,
natural system and a number of activi-
ties with interactive process between
them to achieve the objective as shown
in figure 1. The interactive process be-
tween the different activities along the
river resulted in a number of pollutants
as classified in Table 1. The river sys-
tem has a capacity to assimilate some
level of waste without apparent dam-
age. This capacity is the result of physi-
cal and biological processes occurring
within the aquatic environment to
break down the waste into harmless
subsistence. Recognizing the limited
assimilative capacity of the river sys-
tem decisions should be taken to meet
these criteria (for e.g., the criteria for
the quality of irrigation water) and
standards (for e.g., WHO drinking wa-
ter quality standards). Pollution regula-
tions may be specified in terms of
stream quality. For setting the efficient
regulation the limited assimilative ca-
pacity of the river system must be rec-
ognized.

Hence, in wanslating criteria for
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Monitoring Networks

Table 1: Source and causesof water
quality deterioration (Bariraim &
Balance.1996)
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sustainable development of river ba-
sins there is a clear need of establishing
water quality monitoring network in
Ethiopia to enable proper evaluation of
its status and define the proper protec-
ton and management means. It is re-
quired to monitor the extent of pollu-
tion in controlled waters, to establish
water quality objectives for controlled
waters, and to ensure that the specified
water quality objectives are met at all
times. The Government should decide
to establish water monitoring systems
and the nerwork should be put into op-
eration as soon as possible. Effluent
quality standards and guidelines on wa-
ter quality control methods in Ethiopia
should be formulated and enforced by
Environmental Protection Authority.
The main constraints in Ethiopia which
affect the water quality monitoring pro-

gram may be financial constraints, lack
of transport, lack of suitable equipment
and provision for the scrvicing and
maintenance of cquipment and lack of
experienced human resources. Hence,
there is a high need for training courses
and capacity building in the ficld of
water quality monitoring.

A hydrological service provides the
necessary information for water re-
sources assessment, and it is defined as
“the determination of the sources, €X-
tent, dependability and quality of water
resources up on which is based on
evaluation of the possibilities of their
utilization” (WMO, 1995). However,
the objective of this paper is to design a
monitoring network for river water
quality management purposes in the
Ethiopian river system based on WMO
recommendations. One aspect of water
resource management is the manage-
ment of warter quality.

3. Hydrological Services in

Ethiopia

3.1 Evolution of the Ethiopian Hy-
drological Network The introduction
of river flow measurements and the
commencement of hydrological stud-
ies in Ethiopia are not well fixed in the
course of development. But it has been
learnt that river flow stage measure-
ments were first embarked at the outlet
of Lake Tana in 1920 (Hurst, 1952).
Even though there is no record evi-

Table 2 Status of stream gauging by basin in 1997(Kidane,1997)

|
| BASIN | ESTABLISHED | ABANDONED NON-
i OPERATIONAL | OPERATIONAL
Danikil 12 - 3 9
Awash 95 24 14 57
Wabi-Shebelle 47 43 21 22
Geneale-Dawa 23 20 | 19
Rift Valley 69 11 8 41
Gihbe Omo 3 2 2 40
! Baro Akobo 3] 26 5 24
| Abbay-Blue 143 - 17 100
Nile 32 - 5 26
Tekeze 2 - 2
Mereb Gash z : . i
| Ogaden - - . ;
Aysha :
Sum 507 9] 78 338
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dence in the archives of a governmen

institution engaged in such kinds of

study activitics, the station at the oultle

of Lake Tana was interrupted in Febru.

ary 1926 and reopened in February

1928 and was reported 1o be functional

(il December 1932. Later, the studics

of river basin schemes were undertaken

by technical assistance from Overscas

Development Agencics, and the firstof
its type was commenced by the coop-

eration of United States Agency for In-

ternational Development US-AID and

involvement of the United States Bu-

reau of Reclamation USBR in 1958,

So, the recorded information so far

dates back to the start of this study in

the Blue Nile basin, The existence of an

independent program for monitoring

through a sectional hydrological net-

work started in the mid 1960’s after

hydrological stations came into reality

for the sake of water resources inven-

tory of various sites. The increasing
fumber of stations in the river basins
gave momentum in the formulation of
Hydrometeorological Section in Land
and Water Studics Agency of the
Ethiopian Water Resources Authority
at the beginning and was followed by
the coming into being of Hydrological
Studies Department (HSD) which cur-
rently undertakes the hydrological ac-
tivities of the country as a wholc,
Countrywide networks have evolved
over time to meet the changing national
neceds. The Department runs the na-
tional hydrometeric networks and is re-
sponsible for the installation, operation
and maintenance of the hydromeieric
stations as well as for collecting, pro-
cessing, publication and analyzing of
the obtained data. The Department has
eight regional offices and these offices
are responsible only for operation, car-
rying out flow measurements and su-
pervision of observers, They also ex-
ecule installation and maintenance of
stations.

Basin wide classification of these
stations is given in Table 2. The hydro-
logical network consists of 507 gaug-
ing stations in 12 river basins of which
338 stations are operational in 1997.
While a number of these stations were
abandoned for operational and hydro-
logical reasons under normal circum-
stances, the majority of stations which
have been cither damaged or fallen into
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disuse for some other reasons (Kidane,
1997). The numbers of operational sta-
tions in 1989 and 1996 arc 386 and
138, respectively (Michael, 1997).
Thus, it can be concluded that a hydro-
logical network in Ethiopia is generally
in state of decline. Funds were simply
not being made available 10 the hydro-
Jogical services 10 allow them 1o per-
form their duties in an effective man-
per. Only quantitative aspects of water
have been observed and water quality
has not yet been addressed very well.
The component of groundwater moni-
toring within the water monitoring sys-
em in Ethiopia is not yet recognized.

3.2 Adequacy of the

Hydrometeric Network

WMO developed the concept of the

_ basic nework, that hydrological net-
work which has minimum necessary
number of stations to give a meaning-
ful countrywide coverage of the hydro-
logical variables. Consequently the

WMO guidance is valuable for estab-
lishing the adequacy of existing na-
tional newworks. Applying ‘Table 3,
Ethiopia needs at Jeast 740
hydrometeric stations. The result of
evaluation of the network shows that
some 256 additional new stations
should be installed in order to satisfy
the minimum WMO network density
requirements (see Table 4). However,
the network distributions in the central
part of Ethiopia generally satisfy the
standard recommended by WMO, The
network density is below the adequate
standard at border areas, which charac-
terized by lack of sufficient road net-
work. Stations for water discharge
measurements are mainly installed on
the largest rivers and relatively quite
sufficient. The number of stations on
the small streams is quite insufficient
and consequently current information
for small watersheds is insufficient for
verification and evaluation of extreme
discharge events. From recent experi-
ence, for the design of the Borekna
dams there were only seven suspended

Table 4 Design of the networks

! PRPOSED NUMBER OF STATIONS
; REGION (Km') EXISTING
| BASIN HYDROME
i TERIC
x STATIONS

TMOUNTAINOUS [ FLAT | ARID | TOTAL HYDROMETERIC BASIC WATER
' 1A) m o STATIONS QUALITY
: | STATIONS
; >1500m | 1500 i A |6 c[roraLfaln|c| TOTAL
: 2500m
: =
Abbay (Blue Nile) {38000 | 104400 | 60800 |0 203200 | 100 14) |25 {0 168 71 )0 |8
Rill Valley 8759 [30250 {13700 |0 FHTEEEL 30 |6 |1 148 21 (03
';-\\\.\sh Wk (0123 | nms [ [N |87 17 130 [0 |68 afalels
1 Ghibe Omo 0002 | 1% |46 o w2 | W 44 (2] 21 jo]3
Teheze N769 | 2461 | 105412 [ 26400 | 171042 |19 40 143 {0 [85 2 f2 |18
Genale Dawa 108 [21sy 49586 [0 A E S ERIED 1 fiJo |2
Do Akohe 6126 [27479 [ 152682 [nodou | 202697 |20 M_[6l |0 )% P3fL 16
1 Wahi Shebelle 1628 [18) (35180 [0 90001 |26 ss 114 10 |49 31 fo[4
1 Dankil 4l 7700 | 27801 | 38460 [ 24002 {9 'R EE HIBRE
{ Meceh Gach n 6l e o [pe |2 1[5 0[I8 HMENE
 Upaden 0 0 i m o o |o [ofo oo [o0fo
1Aysha 0 1 wmy |0 0o (o]0 o [0 fo]o
[Sum 501 673 4

Note: * - Boih basiny fall in the Nat und arid regions.

** - "IN basin does noi have any sireams and consequently na stream gauging stations exis! in this basin.
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sediment load measurements. The de-
sign was based on limited data and em-
pirical equations which resulted in loss
of a lot of money (Michael, 1997).
Hence, as to determine sediment dis-
charge measurements, the number of
measuring should be increased, the ob-
jectives of the network up-dated. It is
also apparent that networks in moun-
tainous areas do not often come up 1o
the desired minimum density levels.
This is something of a paradox. Mostof
the country water resources originate n
mountainous areas, yet knowledge of
the hydrology of these areas is usually
lacking.

The Sub-Saharan Africa (SSA) Hy-
drological Assessment Project identi-
fied the following problems in Sub- Sa-
haran African Countries (WMO,
1995): (a) a decline in the size and
quality of hydrology services, (b) lack
of skilled manpower, (c) inadequate
maintenance of equipment, (t) mainte-
nance of stream gauging was curtailed
due to financial and social reasons, and
(e) getting moral, financial and techni-
cal support for data collection and pro-
cessing.

4. Purposes of River Water

Quality Monitring in Ethiopia

In order to meet its water quality
planning and management objectives,
Ethiopia should implement compre-
hensive water quality programs. These
programs provide the information
needed to make management decisions
in a timely fashion. Decision making in
a water quality management contextre-
quires the following:

- Determining whether water qual-
ity is improving or not, .

- Determining compliance of dis-
charges with standards,

- Locating discharges that are not li-
censed or violating licenses condition,
and

‘Identifying the nature and extent of
specific pollution problems.

There are as many valid reasons for
the measurement of water quality in
Ethiopia as there are purposes for
which water may be used. Indeed, these
uses will determine the requirements
and may for example be used in both
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Table 5 Estimated Distance for comlete mixing in streams and rivers(Bartram &Balance, 1996) 'f:’p‘ o
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5 2-14
10 0.8—7
20 0.4 —3

the management of national water re-
sources and for intemational environ-
mental quality programs. The scope of
water quality measurement program
will tend 10 overlap these requirements.
In general the main reasons for mea-
surement of water quality may be
grouped into the following broad cat-
egories (WMO, 1981):

(a) Classification of water resources.

for the planned development and utili-
zation according quantity and quality
criteria;

(b) Collection of baseline data to es-
tablish the natural quality of water in
order to indicate long term changes
which may interfere with present or fu-
ture uses of the resource;

{c) Continuous monitoring of water
quality in relation to its uses as the raw
water source supply for drinking and
other purposes;

(d) Surveillance to establish the
suitability of a water course or lake for
recreational purposes, or to determine
the effectiveness of wastewater man-
agement programs:

(e) Investigation of the causes of
pollution and effectiveness of the re-
medial measures. In this case, specific
parameters known to be causing the
pollution will be measured and the sur-
vey should continue until the effect of
pollution has disappeared due to col-
lective measures, natural dispersal or
self-purification of the water body;

(f) Forecasting water quality and
estimating capacity of a body of water
to accept effluents from sewage treat-
ment works, industrial premises or

power generation plant, etc. Studies
with these criteria in mind will enable a
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rational choice to be made of water pol-
lution control measures and alterna-
tives in water resources management.

The prediction of long term water
quality changes will require examina-
tion of all the factors which may influ-
ence water quality, whereas short term
forecasting will serve more as a warn-
ing system. The use of mathematical
water quality models has been found to
be considerable benefit for both long
and short terms forecasting of water
quality (which could help in the pro-
cess of policy formulation and master
planning) in rivers, lakes and reser-
voirs. However, the validity of the
model depends upon the quantity and
quality of the data used to formulate the
model; hence the need to establish the
correct sampling frequency and data
gathering system.

5.Criteria of the Selected River

Water Quality Parameters

Since water, which occurs natu-
rally, contains a wide variety of con-
stituents, it is necessary o select a
group of parameters to statistically
characterize the water quality popula-
tion on which the design of any water
quality monitoring program will be
based. For the purpose of design crite-
ria, water quality parameters are
grouped based on their behavior in na-
ture. From each group, a number of
representative parameters are selected
taking into consideration the data avail-
ability of these parameters. The se-
lected parameters from each group are
as follows:

Physical parameters: Tempera-
ture, pH, electrical conductivity, total

dissolved solids, total suspended solids

Chemical parameters: Dissolved
oxygen, total alkalinity, total hardness,
chloride, calcium, sodium, magnesium,
potassium, BOD, COD, oil and grease

and orthophosphate
Biological parameters: Fecal

coliform

6. Design of Networks for

Montoring River Water Quality

Some of the elements that should be

* considered during the planning of wa-

ter quality monitoring network system
are:
6.1Management Goals

In designing a water quality moni-
toring system the first and most impor-
tant step is to clearly define the objec-
tives of the system. Only when the ob-
jectives have been clearly stated, it is
possible to design the networks on a ra-

tional basis.
Monitoring must be undertaken for

a purpose, and programs can be de-
signed to meet a variety of information
goals, for example, the assessment of
ambient conditionsyrends, or the de-
tection of excursions beyond regula-
tory limits. The ultimate management
goals are to control, maintain and 1m-
prove the water quality of the rivers of
Ethiopia.

6.2 Network Design and

Administration

6.2.1 Network Design Criteria

The design considerations of net-
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work involve the study of the charac-

teristics and physical feares of the

area, topography, geological structures

and vegetation. On the other hand, cost

benefit analysis should be made on the

effectiveness of data gathering, quality

of dara required, and the worth of the

dara produced. Operation of a network
requires trained personnel, adequate
spares and replacement. workshops,
jaborarories, a fleet of land and water
transpont vehicles, all of which entail
sizable financial resources (WMO,
1971). Thus, the network requirements
must be defined in response 1o consid-
eration of what the data are to be used
for and the budget which is available.
The considerations must take into ac-
count not only the scientific or man-
agement requirements for information
but also the technical difficulties of col-
lecting data. The network design with
the most complete coverage of a water-
shed may not seem feasible to operate
due 10 logistical difficulties with power
supplies, or difficulties with security,
for example. On the other hand, the
nerwork coverage must ensure ad-
equate information for planning and
operating water resource development
and protection activities.

However, there remains the prob-
lem of the scientific design of hydro-
logical networks; while a number of re-
search networks exist which have been
designed according to scientific meth-
odology, there are few example of
these methods being used for opera-
tional networks. This lack of success
considers to be due to the difficulty of

" the subject in an intellectual sense and
of course in the practical sense. Be-
cause of these difficulties, WMO has
promoted the concept of minimum
density of networks as a guide to the
numbers of instruments required in
particular  physiographic conditions
(Table 3). This concept is seen as an
interim step towards the development
of a methodology which can be imple-
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mented readily, a methodology cur-
rently being pursued by WMO. In addi-
tion, certain countries have developed
their own criteria for minimum net-
work densitics for certain variables, in
order to make measures of their own
performance.

In order to obtain representative
samples of water quality of the area, the
WMO introduced a general guide to the
density of water quality stations given
in Table 3 to give a meaningful coun-
trywide coverage. Therefore, the de-
sign of river water quality monitoring
network of Ethiopia can be done
against these recommendations given
by WMO. Hence, as per the WMO
norms, Ethiopia needs at least 38 basic
water quality stations (see Table 4).
Standard instrumenis and observa-
tional procedures are recommended 10
ensure that all measurements are com-
parable and consistent. It can be
planned to establish eight basic water
quality sttions annually in order 10
meet the minimum density requirc-
ments in the coming five years. The
water quality sampling nctwork should
be fully integrated with the stream
gauging stations. In the case of Ethio-
pian river system, three nenwork types
are needed. The first network may be
referred to as the primary network, col-
lects information of standard violations
and trend. The second network, col-
lects information on trends only, while
the third nerwork, designed to study
compliance with the law, if any.

6.2.2 Administration

Many agencies, water and environ-
mental institutions and scientific re-
search cenlers can monitor the water
quality. Various institutions have the
responsibility to plan for the develop-
ment and conscrvation of water re-
sources in Ethiopia and prevent pollu-
tion. Institutions that may invelve in-
clude: Ministry of Water Resources,
Ministry of Health, Environmental

nerated Dy

canner

Protection Authority, Ministry of Agri.
culture, Research Institutes, Univeys;.
ties, cic. However, the Ministry of W.
ter Resources (HSD) of  Ethiopi
should be responsible for the consinye.
tion, operation and mainienance of the
national stations as well as for process.
ing, publication and analysis of the ob-
tained data. All daia should be stored in
the Ministry of Water Resources. This
data will be available in the fuwre 10
other interested users. In Ethiopia, hy-
drological and related daia have always
been difficult to access. They are often
weated as a state secrete and are not
available to potential users, except i
particular circumstances. A similar atti-
tude also exists amongst certain groups
within scientific communitics, where
ideas arc guarded and data closcted un-
til a paper has been published ina pres-
tigious journal.

A well-planned monitoring system
can provide proper and timely corre-
sponding measures and resolutions on
water quality monitoring as well as
controlling the pollution sources. How-
ever, lack of planning and careful con-
sideration in selecting the monitoring
station location and sampling fre-
quency will result in deficiency of wa-
ter quality data and misjudgment of the
actual river data staws as well as diffi-
culty in controlling the pollution
sources, and, particularly, the waste of
moncy.

6.3 Spatial Distribution of

" Sampling Sites

A sampling site is the general area
of water body from which samples are
to be taken and is sometimes called a
“macrolocation”. The exact place at
which the sample is taken is commonly
refereed to as a sampling station, of
sometimes, a “microlScation”. The lo-
cation of a permanent sampling station
is considered the most critical design
factor in any water quality monitoring
network. A network of water quality
monitoring stations sited strategically
along a river catchment can be 4 useful
tool in water quality management. Se-
lection of sampling sites requires con-
sideration of the monitoring objectives
and some knowledge of the geometry
of the watercourse system, as well as
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Due to the lack of water quality
monitoring system and time §cri§s for
yarious important water quality issues
in Ethiopia, a first trial of sampling site
selection can be done based on Sharp’s
approach. Sharp’s (1971) is the only
published algorithmic method for sta-
tion placement when establishing new
sampling program. His algorithm used
darta generated o describe a river drain-
age nerwork in terms of Shreve's
(1967) stream order numbers, and suc-
cessively divide a cawchment into
halves, then quarters, then eighths, etc.
The division points, called centroids,
were postulated as the optimum sam-
pling sites. This is the only published
method for the optimum placement of
sampling sites that do nat requirc an
existing record of water quality data
from the catchment.

The selection of the sampling sta-
tion locations within the river system is
done by taking into consideration the
calculation of mixing length (see Table
5) and certain criteria. The selection of
the station location and the site of the
measurements require ease of accessi-
bility and the selection of the cross sec-
tion that has a stable bed profile and
that covers, if possible, all ranges of
discharge. The following measures are
used for the selection of the sampling
sites: (a) at the mouth of the main rivers
and principal tributaries of the river
system, (b) downstream of river devel-
opment projects such as dams, (c) at
state boundaries, (d) downstream of
waste outfall, (e) at industrial and ur-

ban centers, and (f) at points of water
use,

expef

Based on the above, two types of
stations can be identified, i.e., impact
stations — usually selected downstream
of the present urbanization areas, inten-
Sive agricultural and industrial activi-
ties and basic stations- stations re-
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quired to achieve the specified man-
agement goal and monitoring objec-
tives and are mainly operated for col-
lection of baseline or raference data.

The flows from outfalls or tributar-
ies do not mix instantly with main
streams, but require some time and dis-
tance to become homogeneous. That is
the lateral mixing is not complete
within the river, and as a result, mul-
tiple sampling points in the lateral
transect at any station is required. It is
suggested to divide the river cross sec-
tions at any sampling station location
into subsections with relatively equal
area or equal distances and sampled at
their respective midpoints in order to
achieve the evenly spaced sampling
points (i.e. systematic sampling). Sug-
gestions are provided in Table 7 for the
number of points from which samples
should be obtained in streams or rivers
of different sizes and with different
flow rates, taken on a lateral transect, to
characterize an unmixed stream or
river. However, for practical purposes,
the cross section of each site can be di-
vided into three points then from each
vertical integrated samples might be
collected and then mixed together to
form composite samples. Since vertical
mixing is assumed at any sampling sta-
tions along the river, the sample col-
lected at the midpoints is column sam-
pling by the vertical integrated sam-
pler. A representative sample should be
collected at both low and high flows.
Flow measurements at each station and
flow velocity at 0.6 of the water depth
at each sampling point in the transect
should be recorded.

6.4 Sampl'ing Frequency

The frequency of sampling is of
great importance when designing 2
monitoring program to meet specified
information goals, because the confi-
dence intervals of estimates are func-
tion of the number of samples taken.
The sampling frequency can be deter-
mined by the proportional sampling
method with respect to variance of wa-
ter quality, the significance level and
confidence interval.

In any water quality monitoring
network design, the question of how
often water quality samples should be
collected is perhaps the only aspect
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which has received remarkable aten-
tion in the past. Sampling frequency
depends largely on the purpose of the
network, the relative importance of the
station and the variability of the data. It
is also influenced by accessibility of
the station. Finally, the workload in-
volved and the financial commitment
for a decided frequency of sampling
must match the available resources
(human, budget, laboratories, eic.). An
interval of one month berween the col-
lection of individual samples at a sta-
tion is generally acceptable for charac-
terizing water quality over a long time
period (e.g. over a year in a river),
whereas for control purposes weekly
sampling may be necessary. If signifi-
cant differences are suspected or de-
tected, samples may have to be col-
lected daily or on a continuous basis.
Hence, for basin-wide water quality
management in the Ethiopian river sys-
tem only monthly daa would be
needed. In the case of operational man-
agement real-time data is needed. In
this paper, the following sampling fre-
quency is recommended: (a) monthly
sampling frequency for the primary
network which includes basic, impact
stations and all point sources of pollu-
tion (located along the rivers on both
sides) for baseline information; (b) bi-
monthly sampling frequency for the
secondary network which includes ba-
sic stations and the heavily polluted
point sources for detecting trends; (c)
as required by inspection for law en-
forcement for third network which in-
cludes impact stations and inspected
point sources of pollution; and (d) daily
sampling frequency for early warning.

6.5 Selecting Water Quality

Parameters to be Measured

Deciding what to monitor is as im-
portant as deciding why, where and
when. Water quality data are collected
1o meet a variety of management needs.
The quality of the water body is usually
described by sets of physical, chemical
and biological parameters which are
munually interrelated. The water qual-
ity parameters that are chosen to be
measured in the monitoring networks
must reflect the monitoring objectives
and the associated management goals.
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In some countries, water quality pa-
rameters are identified in law through
Environmental Clear Water Act. The
selection of water quality issues is
based on the quality parameters can be
identified by the Ethiopian panel of ex-
perts. These parameters can be classi-
fied as: physical, chemical, microbio-
logical and hydrobilogical, which may
be categorized as follows (see Table 6):
(1) parameters proposed to be mea-
sured in all surveys; (2) parameters to
be added to category 1 for collection of
baseline data or trends; and (3) param-
eters to be added to category 1 related

to the enforcement of regulations, for
instance.

6.6 Sampling Analysis

All composite samples can be ana-
lyzed at water quality laboratory ac-
cording to standard methods for the ex-
amination of water and wastewater
(APHA, 1989), for instance.

6.7 Data Analysis

Data analysis methods are an inte-
gral part of a complete monitoring pro-
gram design, and should be considered
at the planning stage. The choice of
dara analysis methods (which follows
from the information goals - which
could be to detect a trend, assess the ef-
fect of an intervention, or determined
ambient condition) should be made be-
fore sampling program design. The de-
tection of a wend in warter quality data
gathered over time is a common aim in
data analysis. The use of nonparametric
statistics can be recommended. For
trend, the seasonal Kendall test, with or
without correction for correlation
where appropriate, appears to be the
best choice.

7. Conclusions

In any process of decision-making
for planning or management of a natu-
ral system, the environmental dimen-
sions are very important to be consid-
ered. Water quality is an essential part
of the environmental quality and can
play role in sustainable development.
The quality of water resources avail-
ability has a direct impact on the eco-
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nomic success of agriculture, energy,
industry, flood control, public health
and recreation. Water quality monitor-
ing is the foundation on which water
quality management is based. Meeting
the sustainability challenge for water
resources development in Ethiopia re-
quires an integrated water resources
management in which water quality
management, which is one of the key
issues towards achieving sustainable
development, is of great importance,
The existence of the monitoring net-
work can serve as the backbone to plan
and management of water resources.
The monitoring program aims to iden-
tify the natural variation of water qual-
ity. In order to meet its water quality
planning and management objectives,
Ethiopia should implement compre-
hensive water quality programs.
Hence, there is a need to design ad-
equate monitoring network for water
quality in Ethiopia, which can contrib-
ute to establishing sustainable develop-
ment, in order to provide the necessary
data and information on which deci-
sions are to be made and laws to be en-
forced.

The result of the design of the net-
work presented in this paper shows that
some 38 basic water quality stations
should be installed in order to satisfy
the minimum WMO network density
requirement. It can be planned to estab-
lish eight basic water quality stations
annually in order to meet the minimum
density requirements in the coming
five years. The water quality sampling
network should be fully integrated with
the stream gauging stations. The HSD
of Ethiopia should also undertake these
activities. A public awareness program
plays a central role in the provision of
management and safeguarding of water
resources of the country. Legislation
for protecting water quality should be
introduced in Ethiopia. The component

of groundwater monitoring within the
water monitoring system of Ethiopia is
not yet realized and should be put into
operation. Integrate hydrological net-
works and services with government
departments and agencies with the en-
vironment and whose responsibilities
include environmental monitoring. The
paper is concluded with stressing the
high need for training courses and ca-

——

pacity building in the field of Water
quality monitoring,
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impact of Increment in Water Tariff on
consumption: The Case of Addis Ababa

City

Mieraf Shewaye,

Abstract

Addis Ababa Water & Sewerage Authority Addis Ababa, Ethiopia

Addis Ababa Water & Sewerage Authority (AAWSA) charged its customers water tarlffs of Birr 0.5/cubic
meter for more than half a century. A new water tariff of different rate has been applied since July 1995, In-order to

find the
increasin

jmpact of the new water tariff on its customers in addition to the justification given by the Authority for
g water tariff, secondary data has been used and consumption pattern of customers before and after tariff

ncrease has been analysed. The result of the research, therefore, shows that the past water tariff was below water

roduction and distribution costs and hence Increase of water tariff Is found reasonable & justifiable. As a result,
[i)ncrease in water tariff has not resulted in decrease in consumption.

1. Introduction

1.1Background

Water is one of the most basic ne-
cessities for the existence of living
things in general and human beings in
particular, specially potable water in
modern big cities like Addis Ababa,
there is a need to properly manage the
said vital scarce resource. However, for
any metropolitan city, one of the basic
and essential services by all standards
is efficient service in water supply. Un-
less and until this demand of the city is
efficiently met, the health of the com-
munity and developmental activities
are highly affected. Since Ethiopia is
categorised from among low-income
economies in general and Addis
Ababa, the capital, in particular faces

the problem of résource management.
According 1o World Bank estimate
for the year 1990, not more than 62%
of the population in low-income econo-
mies obtain clean water while the cor-
responding figure for middle-income
and high-income economies are 74%
and more than 95% respectively. A fur-
€T categorization indicates that most

of the countries with 50% or more of °

their population lacking access to po-
:a le water are located in Africa. Fur-
ﬁ\f; do:;)‘on the low coverage end are
o rican _countries  (including

'9P1a with just 18% in 1990) that

have gp] 25% ;
i Wilhya o or less of their popula-

ccess to ¢l
Bank, 1994), clean water (World
. Despite the low

; coverage in Ethio-
P1a in general effo g

s 1o improve the
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supply of potable water has been in
place for a long time. Government poli-
cies in the last few decades strongly
supported the urgency of providing
safe water to as much population as
possible. For instance, within the two
decades between 1970 and 1990, the
World Bank estimated that expansion
in the service enable the coverage to
Iincrease from 6% to 18% of the total
population (World Bank , 1994). This
is an indication that a modest growth in
the level of annual investment for the
provision of improved water services
had been undergoing.

It is also evident that the Legedadi
dam and treatment plant construction
as well as expansion works were car-
ried out within the above said decades
and hence contributed to the improve-
ments & efforts made to the supply of
potable water at a national level.

1.2 Objective of the Study

The basic objective of the study is
to assess the effect of water tariff incre-
ment on consumption.

Finally, Conclusion & Recommen-
dations will be made on the basis of the
findings.

1.3 Data Base
The paper uses secondary data for
the study.
2.Historical Background of
Drinking Water Supply and
Existing Water Supply System
2.1Historical Background of
Drinking Water Supply

Pipe water supply for the city of

Addis Ababa started some years after

cerer dL eua py cdrpearlinel

the foundation of the city during the
time of Menelik II in the year 1901 to
serve only a very limited number of the
population even though Addis, the
capital of Ethiopia, was established in
November 1886. Piped water supply
service, for the first time in history, was
given to the then palace, patriarch and
Menelik II Hospital. The City of
Addis Ababa was onginally served by
a number of springs located at the base
of Entoto mountain range together with
a series of hand dug wells. A propor-
tion of the spring was treated at the
Entoto Treatment plant which was
commissioned in 1938 to treat water
from a number of springs and the
nearby Kechene and Kebena rivers
which lasted until 1942.

Before 1936 and 1938, the people
of Addis’ Ababa began making a lim-
ited use of pipe water facilities. The
number of customers at this time was
about 163 having a total length of
11,300 meters of pipe supplying
11,000 cubic meter of water per day. It
is also recorded in history that dwellers
of Addis Ababa consumed water from
streams until some private water pur-
veyors constructed a network of pipes
in the years 1927 and 1928. Particu-
larly in the way to Gojam, currently
known by the name Dilber area, the
said private water purveyors were used
to lay pipes to Arada & nearby areas so
as to sell water and generate income.

But as the city was expanding in
size and population the Municipality
established the Water Service Depan-
ment in 1942 to meet the water demand
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of the constantly increasing population
and then, after three decades the said
Department was turned into the Addis
Ababa Water and Sewerage Authority
in 1971.

Gefersa was proved to be the most
convenient and feasible in those days
and was recommended that the munici-
pality should enlarge the dam, the con-
struction of which was already started
by Italians during the Facist invasion.
Consequently, the construction of the
dam was undertaken and it was the first
source of treated water supply for the
city until 1960, when its facilities were
modified to increase its capacity from

15,000m’ 10 25,000 m® of water per
day. In addition, a small dam capable
of holding 2 million cubic meters of
water was built as a supplementary to
the Gefersa dam with the view of satis-
fying more fully the water demand of
the city.

The Gefersa Dam construction was
carried in two stages: first, the gravity
type dam was built in 1944 with its to-
tal height of 9 meters and second, in
1960 its height was increased to
15meters. In  the same way, the
Gefersa meatment plant was con-
structed in two stage: the-first with one
accelator (Clarifier) and six filters in
1960 for the production of 15,000m%/
day and the second stage doubled the
treatment facilities in 1966 to bring its
output to 30,000 m* /day. It was at this
time that the majority of springs were
taken out of service.

The supply from Gefersa was inad-
equate as the population increased and
therefore, in order to increase the sup-
ply of water, the construction of the
Legedadi dam was started in Novem-

ber 1967 and completed in August
1970. It had a capacity of holding 40
million cubic meter and a water reat-
ment plant capable of purifying 50,000
cubic meters of water per day which
was delivered 18.2 km 1o the reservoir
and pumping station at shola terminal.

The construction of Legedadi Dam
and Treatment plant like that of
Gefersa was carried out in two stages:
the first stage was constructed, as has
been mentioned earlier, in 1970. The
second stage was constructed in 1986
under the Water Supply Project Stage IIA.

As a result of the completion of the
second water project, the Legedadi

Treatment Plant is able to produce
100,000 cubic meters of water per day
in addition to the previous production
of 50,000 cubic meters per day which
makes the total design capacity of
180,000 cubic meters of water per day
from the two treatment plants.

2.2 Existing Water Supply System
2.2.1 Water Treatment Plant
There are two conventional water

treatment plants located along the two
reservoirs of Gefersa and Legedadi.

2.2.1.1 Gefersa Water Treatment Plant

After the rehabilitation work had
been done under the Water Supply
Project Stage 1A in 1986, the treated
water production capacity of the treat-
ment plant has been raised to the design
capacity of 30,000 cubic meter per day.
But the treatment plant is operated un-
der capacity and produces only 23,000
cubic meter per day as the ransmission
lines which convey the treated water to
the city do not have the corresponding

capacity due to their age and poor con-
dition.

2.2.1.2 Legedadi Water Treatment Plant

The Legedadi Water Treamment
plant had been built in two stages. The
first one was built together with the
dam in 1970 and had a design capacity
of 50,000 m’ of treated water per day.
This first part of the treatment plant
was aging and its production had re-
duced. But through the Water Supply
Project Stage 1IA, a rehabilitation work
had been done and the capacity was up-
graded to produce 50,000m’ of treated
waler per day.

The second part of the treatment
plant was constructed in 1986 under
the Water Supply Project Stage IIA.
The capacity of the newly built treat-
ment plant is 100,000 m® of treated wa-
ter per day. Thus, the total capacity of
Legedadi Water Treatment Plant is
150,000 m’/day.

But at the moment the plant pro-
duces less than its capacity due to the
safe yield of the dam which cannot pro-
vide all the daily raw water require-
ment of the treatment plant (in 1995 the
average daily production was
127,000m’). Therefore, the total water

production of both treatment plants is
far below their design capacities being

Mieraf sheWave

only 150,000m’ versus the design ¢,
pacity of 180,000 m’. )

2.2.2 Transmission Lines
The transmission lines convey the
treated water from both Legedadi apg
Gefersa Treatment Plants to the city.
The transmission lines include:-

2.2.2.1Gefersa Transmission Lines

There are two parallel 400mm stee]
pipes conveying water from Gefersa
which were laid in 1955 and 1960
These pipes and their appurtenances
(below off and air vents) are in poor
condition and due te collapse a signifi-
cant portion of the line has been re-
placed.

2.2.2.2 Legedadi Transmission
Lines

A transmission line from Legedadi
to terminal reservoir, originally a
900mm transmission line was laid in
1970, together with the old treatment
plant. Later, during the water supply
stage I1A in 1986, because of the reha-
bilitation of the existing reatment plant
and the construction of a new one, the
capacity of the transmission line had to
be increased. Therefore, the first 685.7
m of the 900 mm transmission line was
abandoned because its location was ex-
pected to be flashed by a furure reser-
voir and substituted with a 1400mm
steel pipe. The later portion of 11570m,
up to terminal reservoir has been aug-
mented with a 1200mm steel pipe, op-
erating in parallel to the existing and
rehabilitated 900mm line.

2.2.3 Distribution

2.2.3.1Reservoirs and Pumping
Stations

Due to the terrain of the area 1o be
served with water only, part of Addis
Ababa can be supplied by gravity.
Most other parts of the city can only be
served from reservoirs fed by pumping
stations. Thus, the system has a total of
36 reservoirs at 19 different sites and
two separate pumping stations.

3. Why Increase Water Tariff and
Its Effect on Consumption ?
3.1Why Increase Water Tariff ?
3.1.1General

The Addis Ababa Water and Sew-
erage Authority is an autonomous gov-
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ernment authority which is charged
with providing supp'ly water and sew-
disposal services for 2.23 mil-
eragé .
Jion inhabitants of Addis Ababa s;:read
over an area of more than 300 km®. The
suthority was created as an autono-
‘mous body through the order No. 68 of
1971 and proclamation No. 298 of
1972 by assigning the Authority with
the responsibility of providing warer
and sewerage services.

The recent proclamation and regu-
lations issued there under promulgated
on May 20", 1995 has re-established
the Authority to provide services for
regarding the water supply, sewerage
system and waste water facilities as
well as the various rates applicable to
the customers for such services.

By virue of proclamation No. 10/
1995, the Addis Ababa Water and Sew-
erage Authority has been re-estab-
lished by the council of Region 14 as an
autonomous public Authority. The ar-
eas of the Authority shall be the bound-
aries of Region 14 Administration. The
Authority shall be supervised by the

council of Region 14 through its Ex-
ecutive Committee.

3.1.2 Financial Position of AAWSA

AAWSA used to give the greatest

Priority in giving service and hence the

share of income and expenses for water

Se.rvice have therefore briefly been

ied to be seen. Let us ry to see each
one of them one by one.

3.1.2.1 Income
Income from water sales accounts
© greatest share from among the in-

co i
Me generated from water service.
ther water serv

ice related incomes
such

= 2 income from meter rent and
nnection fee should not be underesti-
mated,

AS can be seen in Table 3.1 above,

M) 1
nnection fee served ag the second
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1vnaj0r source of income for the Author-
1ty next 1o water sales income between
the year 1988/89 - 1991/92. But be-
tween the year 1992/93 . 1994/95, in-
come from sewerage service served as
the second source of inceme. In gen-
eral, the total income generated (or col-
lected) from connection fee between
the years 1987/88 - 1994/95 registered
10 be a total income of Birr 11,023,531
and annual average income of Bimr
1,377,941.37 (Appendix 3). In the
same way income generated from sew-
erage service shows a significant an-
nual increase specially between the
years 1992/93 - 1994/95 when com-
pared with previous years.

Within the past eight years, the total
income collected from sales of water is
only Birr 122,754, 801.00 with annual
average income of Birr 15,344,350.12.
It is evident that the water tariff of Birr
0.50/cubic meter remained unchanged
for half a century. The above being the
income generated from sales of water,
the water produced and distributed
with un-accounted for water is shown
in the following table 3.2.

As it can be seen in Table 3.2 the
amount of water produced in the past
eight years is between 37.5 million to
57.9 million cubic meters out of which
the volume of water billed varies be-
tween 25.5 million to 40.3 million cu-
bic meters. According to water Leak-
age Detection project Report, the
amount of unaccounted for water for
five years varies from 26.87 percent in
1990/91 to 36.73 percent in 1995/96
which brings the volume of water
billed or consumed to be decreased.

3.1.2.2 Expenses _

The main cost items are Deprecia-
tion, Chemicals, Salaries and related
benefits and Amortization the sum 9f
which accounts for 69.7 percent In
1992/93; 74.3 percent in 1993/94 and

74.3 percent in

1994195 of 1
yearly budget, = Joial

one tries to Ua t-he .olher hand, if
particular istefnirrle]:gmza;‘lon ¥y
cent 1993/94 1 6] i
taking 1992/93 percent in 1994/95
course amortizat?S adblee ikl
moncy, aside, as inon e et

' a sinking fund, or a
future payment, as a debt. In other
words, its major concerns are the de-
termination of the initial costs and the
recognition of periodic cost expiration
which is attributable 1o the passage of
time or a decline in usefulness,

Expenses required for the above
mentioned titles including other titles
expended for water production (treat-
ment) and distribution within the past
eight years in addition to increment
practised is presented in Table 3.3 be-
low.

As presented in Table 3.3 above,
the water treatment and distribution ex-
pense has increased from Birr 24 mil-
lion in 1987/88 to Birr 52 millions in
1994/95. In other words, the increase is
about 109 per cent out of which the
greatest percentage of the expenses
were incurred for chemicals followed
by salaries and related benefits which
accounts for 404.5 and 65.2 percent,
respectively. The profit and loss state-
ment of the Authority is presented in
(Appendix 3) includes salaries and re-
lated expenses of employees engaged
in sewerage services and hence an ef-
fort has been made 1o screen out ex-
penses which relate to water service
only. Hence, the total expense for the
latter accounts for 98 per cent for the

Table 3.2 Produced & Distributed
Treated in Comparison to
Unaccounted for water cubic meter
1087/88-19994/95

Year Water Volume of Unaccounted | Year

(G.Q Produced | Water Billedor | for Faterin | (E.C)
Distributed

1987/88 | 37457,760 | 25471276 3200 1980

1988/89 | 38,012,386 | 25848422 20 1981

198990 | 44434385 | 28,882,350 35.16° 1982

199001 | 53,841,157 | 39.304.044 26.87* 1983

199492 | 57.550.119 | 39,134,080 320 1984

199293 | 55,083,009 | 37436052 Jaoe 1985

199354 | 55218825 | 40309742 2697° 1986

199495 | 57940229 | 38240351 34.20° 1987

199596 3613 1988
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Table 3.3 Water Production and Distribution Expenses in (Birr)

K Descriptlon | 194788 | 198439 1909m0 | 193081 | 199182 | 19929) 199394 | 199435
(1980 | (198y | (1983 | (1940 (1984) | (1983) | (1986) (1987)
1| fneress end Bend Chorges yonon | daos | asesse | eswdns | Jpms| 81030 1103917 | 2908008
2 | Salarfer end Relesed Benefiu sades | somie | qoeen | sens | sans | 1s0ied 2850318 | 91840
1| Deprectation st | aasisst | asoaa | 1aun | toseraor | a0 | 1g0R0 1013,88
¢ | Conleals 2o | aeann | vamaor | aamus | neseses | Asmen | I8 100,539
3| Fual aad Lubricary s | s | amem | onse| neae| s auaer| s
6 | Soeliner d O Eponses | L20891 | 935300 | L162060 | 1302507 | RNIANO | L8614 | LEERIB 1100805
1| Eluwtely aasnsos | poresse | namens | aoime | aeess| aman | amkd | LI
¢ | Uiliter and Other Servicws e | amos | amesm | wemr| seuss | deans | si6ns) 418008
? | Amonitanica 102,000 Laosois | (Mo | dnean
10 | dutit Fua oo | mooo | soome | deoco [ osnco | anoe0 | a0 | AN
1| Lon o Qurrency Fluewation I | s | pansoy | (108
(Gein)
11| Mucellansow so93nd | Laxitny | aginios | 2asens | asan | el Leddyes | LIstAié
TOTAL 270790 | 28618350 | 2705009 | 30082495 | J8559.068 | d0seLI6N | 498LIN | SLABRON

years 1992/93 1993/94 and 1994/95.
The same rate has been applied for the
remaining five years included in the
study.

As has been presented earlier, the
water production (or treatrment) and
distribution expenses has shown a dras-
tic change and hence the increased ex-
penses can be seen in terms of pro-
duced (or treated) water in the follow-
ing Table 3.4

As one can see it in Table 3.4
above, water production and distribu-
tion expense has increased from Birr
0.662 /cubic meter to Birr 0.895/ cubic
meter in the said budget years. The in-
crease was registered due to increases
in depreciation, salaries and related
benefits, chemicals, fuel and lubri-
cants, store issues and other expenses,
utilities and other expenses, etc.

In order to fulfill the increasing wa-
ter demand of the city, a need arises to
expand the existing in addition to seek-
ing for new sources of water and hence
this would be refiected in water pro-
duction and distribution expense in the
form of depreciation and interest and
Bank charges. As aresult, expenses in-
curred for the said two titles accounts
the highest amount. Moreover , the ca-
pacity of Legedadi treatment plant and
availability of raw water capacity does
contribute to the increase in the unit
price per cubic meter. Moreover, the
difference in the amount of water pro-
duced and distributed (or billed) in its
wm does contribute to the increase in
the unit price. Therefore, the increase
in the raw water so as to fulfill the wreat-
ment capacity in one side and the
amount of water produced (or treated)
and distributed (or billed) on the other

Table 3.4 Water Treatment & Distribution Expense in (Birr)

From the Year 1987/88-1994/95

Ne Bescription yoazar | 19asae | 198950 | 19samr | 199192 | 199193 | I99194 | 1994938
casaoy | erosn) | risan | (reay | qieadyy | (985 | (1986) | (1987)
! Jnrerest and Bank Charges c.093 0.084 6075 0068 0.055 oit 0074 o0
2 Salaries and Relared Benefiis o151 0.160 0148 0124 0120 o144 0.160 olsl
3 Deprectation 0223 o212 0.780 0./42 0180 0213 0.229 o4
‘ Chemicals 0.057 0.069 8975 0053 0049 0072 0540 0.185
5 Fuel and Lubricants oort 00/5 0014 0.009 6.0/2 0.0/6 aols 0018
[] Store Jiswes & Other Expenses 0012 0.025 0.026 oM 8017 0010 0054 0.048
7 Electrieity 0040 o053 eoso 0.048 0.052 0050 oas] o047
4 Lhilldes and Other Services 0.005 0.008 0.006 0.007 0.005 0007 o.009 aols
9 | Amortisasion 2005 . . 0.069 0089 0.108
10 | Audis Fee ” .00l 0.001 o.00! 0.00¢ 000 0.00f o.004 d.00r
11 | Loss on Currency Fluctuation (Gala) - 0.061 0095 | (0.000) | (0.0J0)
12 | Miseeitaneows 0.024 0.037 0044 0.046 0.015 0.016 0.020 0.054
Blrrin’ &éi2 aérd 0417 ass 0.642 azdd o832 0.493
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side, that is to say, to decrease the Unag
counted for water need attention qp }:

; ¢
part of the authority, However, effory
has been made so as to increase Taw
water through the construction of
Emergency Dire Dam Project which g
planned to be treated by Legedad
treatment plant and hence this migh,
minimize or reduce the unit price.

Like any other governmental orga.
nizations, AAWSA's employees have

‘aléo increased in the above said eight
years. In other words, its employees in-
creased by 28 percent. As a result of
salary increament made by the govern-
ment as well as a need for additional
employees, the salaries and related
benefits which was Birr 0.151 /cubic
meter in 1987/88 has increased to Birr
0.161/cubic meter in 1994/95 which
implies an increase of 6.6 percent. Of
course compared to the percentage in-
crease in water production & water
sales, the increase in staff seems justifi-
able.

Increase in chemical expense arises
for two reasons: first, due to increase of
price in the market; second, due 10 In-
crease in the amount of chemicals in
the treatment process. This is because
both sources of water are associated
with inadequate water caichment area
protection which is the main problem
associated with water quality. The last
one being devaluation of the Ethiopian
Birr by the government. During the
years 1987/88 to 1994/95, warer pro-
duction (treatment) & distribution ex-
pense has increased from Birr 0.662/
cubic meter 10 Birr 0.895/cubic meter
which shows and increase of 35.1 per-
cent.

Water production and distribution
expenses are based on the total amount
of water treated in the Authority's two
treatment plants (Legedadi & Gefersa
Treatment Plants). However, if the un-
accounted for water could be reduced it
would reduce the unit cost of water
sold. This can better be explained in
Table 3.5 below.

As can be seen in Table 3.5 above,
out of the total amount of water pro-
duced which is 399,507,900 cubic
meters in the above said eight years, it
is only 271,906,517 (271 million) cu-
bic meter which is billed (or reached

customers) which is 68.06 percent of
what has been treated. The total annual

water 3(1) April 2000
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ble 3.5 Water Treatment (or production) & Distribution Expense (in Birr)
Taoi€ - e
1987788 1988/89 1089790 1990791 199192 199293
”"""""‘M::g (L (o8i) | (N (1983) | (1984) asin | usey | ‘Gsen | avier
= Avarage

/Z—;(Tr'——-— 12,933,349 | 13,691,008 | 10,107,608 | 20.059.352 | 23,453,321 | 22,004,051 | 20,212,475 | 36,605,329 | 174,363,817
05 g ' i b

nning
B erational €%
P = 8,346,157 | 8,464,337 | 7,980,442 7,634,118 | 10,367,207 | 12,830,014 | 12,640,942 | 12,375,655 | 80,639,092
precio -
Dep e Charges 3,497,084 3,202,729 3,365,909 3,089,125 3,178,838 6,109,333 4,109,917 | 2,908,048 30,001,043
]nflff’
el 24,798,790 | 25,628,354 | 27,454,219 | 31,382,495 | 36,999,366 | 40,963,362 | 45,968,334 | 51,889,032 | 285,083,952

I’mduud Warer in m

37,457,760 | 38,012,386 | 44,434,385 | 53,841,157 | 37,550,119 | 35,053,019 | 55,218,825 | 57,940,229 | 399,507,583

product

mh’ " 0.662 0.674 0.617 0.583 0,642 0.744 0.832 0.8958 0.714

Erpenss (Dlrr/m’)

25,471,276 | 23,128,422 | 28,682,350 | 39,304,044 | 39,134,080 | 37,436,052 | 40,309,742 | 38,240,351 | 271,906,317

Voluma of Billed Water In m’

lon
roductlon & Distributi
prmn (Blrrimv’)

0.973 L108 0.950 0.798 0.945 1.094 1140 1.357 1.048

If Laakagé decreases 1o 20%6

29,966,208 | 30,409,908 | 35,347,308 | 43,072,925 | 46,040,095 | 44,042,413 | 44,175,060 | 46,352,183 | 319,606,300

0.827 0.842 0772 0.729 0.804 0.930

1.040 L119 0.892

em—

average production cost .Of the same
period is Birr 0.714 /cubic meter. On
the other hand, the average water pro-
duction and distribution has increased
from Birr 0.973 in 1987/88 per cubic
meter to Birr 1.357/cubic meter in
1994/95. Here, one can observe the
difference berween cost of production
& costof water billed is significant for
the very fact that the unaccounted for
water is a large amount which need to
be decreased. However, the water tar-
iff of the authority remain unchanged
Birr 0.50/cubic meter for more than
half a century. But, the cost incurred
for production & distribution in all the
above said years used 1o be more and
above the selling price and hence
worsen the financial position of the
Authority. This fact brought about the
necessity for the increase in the new
water tariff,
3.2 Water Demand, Production &
Supply
. Addis Ababa with its ever increas-
Ing population, has reached a state of
critical water shortage. To satisfy the
:;Pld!y increasing water demands of
S:WClty, the Addi's Ababa Water and
exp:nfa'ge Authority has done major
fitia stlrons c?f .the water treatment
Cilitiés ansmission & distribution fa-
o In the P"S‘g while successive
somce:re °°mlm{mg. Major water
il hav:rb combination of sources
order to overece:n:] F%}:mly ey
2 Well a5 1o e t: he current shortage
t ¢ Browing po et the requirements of
pulation,
Ere are various projects under-
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taken by AAWSA out of which, in this
paper only those projects which have
significant contribution to the increase
in water supply thar are briefly dis-
cussed. ‘

3.2.1, Addis Ababa Water Supply
project Stage IIIA

The project is intended to have a fi-
nal design and tender document pre-
pared to satisfy the water supply de-
mand upto 2020. It is financed partly
by grant and partly by loan from the
African Development Fund (ADF) and
a counterpart fund allocated by the
Ethiopian Government. It has four 4)
major components. ie., final design
and tender document preparation, drill-
ing of twenty five (25) deep wells,
geotechnical investigation and maping.
The project is planned to be completed
in 1997 and ready for implementation.

3.2.2. Emergency Dire Dam Project

At the moment the city is facing
water shortage upto 40%. To cope up
with this problem, two emergency
projects are under implementation one
of which is the construction of Emer-
gency Dire Dam Project. This is an
earth impounding dam to augment the
raw water shortage in one of the big-
gest treatment plant for the city. ie,
Legedadi treatment plant, The dam
will have a capacity of 19 million cu-
bic meter of raw water. It is planned to
be operational by late 1998. Both the
study & implementation is being fi-

nanced locally by the Ethiopian Gov-
emnment (Region 14).

3.2.3. Emergency Ground Water
Development (Akaki) Project
This is the second emergency

project intended to alleviate the water
shortage in the city. It is designed to
provide 72,000 mYday ground water
from the southern part of the city upto
the center of the city. This project is
also financed locally by the Ethiopian
government. The total capacity of the
aquifer is estimated to be 125,000 m¥
day. So, the remaining potential is
planned to be extracted in the near fu-
ture under water supply stage Il A
scheme.

3.2.4. Akaki Water Supply Project

This is a project for the provision of
water to Akaki town (which is now part
of Addis Ababa as industrial zone)
from 4 boreholes. The project is fi-
nanced by International Development
Association (IDA) credit and budget
allocated from Region 14.

3.2.5. Water Leakage Control Study

The un-accounted for water in the
city is estimated to be 36%. It is be-
lieved to economically reduce this fig-
ure to about 20%. The study has tied
on four (4) pilot areas and to be dupli-
cated throughout the system as a rou-
tine job of the authority. This study is
financed by * Region 14",

To conclude, despite the high cov-
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erage in the supply of water service on
one hand and critical water shortage on
the other, the current demand of the
city is said to be 243,000 cubic meter
per day (103 liters per capita per day-
water 111 project, 1997) while the sup-
ply is about 140,983 cubic meter per
day (60 liters per capita per day) for a
total population of 2.34 million in 1997
{population and housing census, 1994)
this shows that it is only 60 percent of
the demand of the city which is satis-
fied. To meet the wide imbalance of
the water demand and supply, there-
fore, the Authority is now undertaking
different water supply projects such as
Emergency Dire Dam and Emergency
Akaki projects with an estimated total
supply capacity of 125,000 cubic meter

44

of water per day are under construction
while the Akaki Water Supply Stage
111, the Gerbi and Sibilu Dam Project
with an estimated total production of
726,075 cubic meter of water per day
(Water Supply Project Stage IIIA,
1997) are at their final design and ten-
der document preparation stages.

However, itis by the year 2,000 that
the demand is expected to be fulfilled
and until such time the surplus of the
demand over the supply continues to be
observed. The water demands for do-
mestic, industrial and administrative
have not been put in detail by the Con-
sultants of Design for Water IIIA
Project. However, it can be seen on
table 3.6 below.

3.3. Impact of Tariff

AAWSA is in charge of supplying
water and sewerage services to the
population of the city of Addis Ababa,
which according to population and
Housing projection of 1994 to be about
2.34 million in 1997.

The Authority has around 136,622
(Computer Service, AAWSA July
1997) active customers and supplies t0
around 97.75 per cent of the popula-
tion, the remaining 2.25 per cent being
supplied from independent sources
(protected wells & springs; unpro-
tected wells, springs, rivers and ponds)-
Some commercial and industrial users
also supplement supply from the Au-
thority with private sources, mainly
from wells.

water 3(1) April 2000
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Table 3.6City of A ddis Ababa Population and Water Demand Projection
P———-—'——-_‘—'—'__—_——TT—SU_,’JI“ Surface Water Ground Water WSP”‘""SW,(M”}'
Year | Population Demand Dz‘rl'm‘"I o 'ffn i‘} {m"day) - - : o A8 r
(i/etday) | (m'/day) Existing Dire Akaki & Emergency WSPIIA Goti | sa
—;94_ 2,113,000 96 203,000 | 135000 | -68000 | Legedadi (110) & Gefersa (25)
_;;5 2,190,000 98 25,000 | 135000 | -80000 | Legedadi (110) & Gefersa (25)
1996 | 2.270,000 10! 229,000 | 135000 | -94000 | Legedadi (110} & Gefersa (25)
T ——
1997 | 2,360,000 03 203,000 | 220000 | -23000 | Legedadi(/10) & Gefersa (25) Akaki (13) & Emergency (72)
1998 | 2.450,000 106 299,000 | 260,000 | -1.000 | Legedadi(110) & Gefersa (25) Dire (40) | Akaki (13) & Emergency (72) S
1999 | 2,540,000 108 275,000 | 260,000 | -15.500 | Legedadi(i10) & Gefersa(25) | Dire (40) | Akaki (13) & Emergency (72)
2000 | 2,640,000 1l " | 203000 | 333.000 | 40000 | Legedadi(118) & Gefersa(2S) | Dire(49) Alaki (13) & Emergency (7) | WSP1I(73)
2001 | 2.740,000 " 3000 | 33000 | 22,000 | Legedadi(110) & Gefersa(25) | Dire(4)) | Akaki (13) & Emergency (1) | WSP1II(73)
2002 | 2.840.000 16 130,000 | 410000 | 80000 | Legedadi(110) & Gefersa(25) | Dire(40) Akaki (13) & Emergency (72) | WSPUI(13) | Gerbi(7)
2003 | 2950000 19 152000 | 410000 | 58000 | Legedad: (110) & Gefersa(25) | Dire(40) | Akaki (13) & Emergency (72) | WSPLII(73) | Gerbi (77)
2004 | 3.060.000 i 371000 | 410000 | 37000 | Legedadi(i10) & Geforsa2s) | Dire(dt) | Akaki(l}) & Emergency (72) I WSPINI(73) | Gerbi(77)
2005 | 3,180.000 125 398000 | $65.000 | 167,000 | Legedadi(110) & Gefersa(25) | Dire(40) Akaki (13) ’ ' Gerbi (77) 1 Sibilu (306)
2006 | 3.300,000 128 23,000 | 565,000 | 142000 | Legedadi(110) & Gefersa(25) | Dire (10) Akaki (13) l l Gerbi (71) [ Sibilu (300)
2007 | 3.420,000 132 451000 | 565,000 | 114.000 | Legedadi(110) & Gefersa(25) | Dire (1)) Akaki (13) ’ I Gerbi(77) [ Sibitu (300)
2008 | 3.550.000 136 482000 | 565000 | 83.000 | Legedadi(110) & Gefersa(25) | Dire(43) Akaki (13) I Gerbi (77) ' Sibilu {300)
2009 | 3.680.000 140 s15.000 | ses.000 | 50.000 | Legedadi(l10) & Gefersa(25) | Dire(40) Akoki (13) l Gerbi (77) ! Sibilu (700)
2000 | 1.820.000 144 50,000 | 565.000 | 14000 | Legedadi(110) & Gefersa(25) | Dire(40) Akaki(13) l Gerbi (77) ‘ Sibilu (306)
2001 | 3.960.000 149 588000 | 627000 | 49.000 | Legedodi(i10) & Gefersa(25) | Dire(d0) | Akaki(i3) & Emergency (72) J Gerbi (77) ’ Sibilu (300)
2002 | 4110000 153 629000 | 710000 | 81000 | Legedodi(110) & Cefersa(25) | Dire (40) | Akaki(13) & Emergency (72) | WSPII(7)) , Gerbi (77) I Sibitu (300) J
2013 | 4,260,000 158 671000 | 710000 | 39000 | Legedadi (110) & Cefersa(25) | Dire(40) | Akaki(l3) & Emergency (72) WS I (73) ’ Gerbi (77) I Sibilu (300) ’
2004 | 4,420,000 162 | 118000 £65000 147000 | Legedadi (110) & Gefersa (25) | Dire (10) Akaki (13) Gerbi (77) | Sibitu (300) ’
2005 | 4.590.000 167 765,000 | 865000 | 97000 | Legedadi(l10) & Gefersa(25) | Dire(40) Akaki (13) Gerbi(77) | Sibita (300 l
2006 | 4.760,000 2 320000 | &6soon | ¢5000 | Legedadi(110) & Gefersa(25) | Dire (40) Akaki (13) Gerbi(77) | Subilu (300)
2017 | 4.940,000 1 g17000 | 917000 | 60000 | Legedadi(i10) & Gefersa(2) | Dire40) | Akaki(13) & Emergency (72) Gerbi (77) | Sibilu (300) }
2018 | 5.130.000 183 936000 | 1.0/0000 | 72,000 | Legedndi(110) & Gefersa (25) | Dire(4y) | Akaki(13) & Emergency (12) | WSP Ul (73) Gerbi(77) | Sibilu (300) |
2009 | 5.320.000 Jse | 1002000 | 1010000 | 8000 | Legedadi(110) & Gefersa (25) | Dire(40) | Akaki(13) & Emergency (72) | WSPUI(73) | Gerhi(7]) Sibilu (300)
2020 | 5,520,000 19¢ | 1o71.000 | 1010.000 | -61.000 | Legedadi (110) & Gefersa(25) | Dire(4) | Akaki(l3) & Emergency (72} | WSPUN(73) | Gerbi(77) | Sibitu (300)
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r

InC

:+v has been in a precari-

The Au.d}o:;tn);:u.,n for a long time
ous ﬁnﬂf‘—;‘:‘re;—o[e been unable to pay
nd };?:cipﬂl and interests on its loans

. period.

] thlst::r(’;?fohas remained with out

wg < es at a rate of 0.50 Birr/m’
any °F‘ta\:i first adopted almost longer
smth; (han half a century. A few years
B it became very clear that water
had to be increased. A tariff study
uently conducted by a con-

gliant, PAS (Public Administration

s, rvice, and submitted to the then
?JENCCO (Office of the Natiqnai Com-
mittee  for Central Planing) and
AAWSA. The final documeqt was pre-
sented to the council of rplnlsters in
1988. The council of Ministers on its
deliberation of December 14,1989
gave an instruction for further study
(Study of Tariff, April 1994). Accord-
ingly, a new water tariff was being
sudied by a consultant known as price
water house in association with
SEVERN TRENT WATER, the final
report was submitted in April 1994 and
then after presented to Region 14 Ad-
ministration (or Regional Government)
for approval.

The main objectives of the tariff
study are 10:

i. develop and analyse alternative
tariff strategies as a basis for imple-
menting a policy of finan-
cial self - sufficiency for AAWSA op-
erations;

du

baCk!
tariff
was conseq

ii. analyze and recommend progres-
sive tariff structure for water supply
and sewerage and desludging services
which, in particular, ensure regular
supply of water and sewerage ser-
vices at rate affordable to urban poor.

The consultant shall, therefore, re-
viewed technical economical, social
and financial conditions and devise a
new tanff schedule. With the follow-
ing aims and under the following con-
siderations.

-bring selling price of water and
Sewerage and desludging services at or
near marginal cost;

-allow access to safe water and sew-
erage and desluging services to low-in-
come population;

-ensure financial availability of
AAWSA in the short term on long
Tange; and

-eliminate government subsidies.

Water 3(1) April 2000

As a result of the tariff study, the sell-
ing price of water at present, the tariff
used by AAWSA is not constant and
hence increases progressively as the
consumption increase as it is illustrated
here under. Therefore, the selling price
in the short-run is:

. 0.5 Birr/m? for the first 15m®

0.83 Birr/m’ for the next 16 - 40m®

.1.67 Birr/m® any consumption
greater than 40m3 and for all public
taps, it is 0.50 Birr/m’ _

The number of customers by con-
sumplion range on the basis of the data
obtained from the computer service of
AAWSA is shown in the following
Table 3.7

The above table 3.7 is presented to
analyze and evaluate the effect of in-
crement. In prior three years before the
increment of the tariff, the distribution
of costumers by consumption of water
up to 15 m* (BLOCK I ) fluctuate and
hence in the budget years of 1992/93;
1993/94 and 1994/95 it went on de-
creasing in consumption 59.0; 57.3 and
52.7 percent respectively. Eventhough
the tariff has been increased since July
1995, after the increase of water tariff
during the budget years 1995/96 and
1996797 the distribution of custorners
in the consumption range followed the

same trend as before the increase in tar- -

iff and hence shows 58.1 and 53.4 per-
cent respectively.

In conclusion, if shift of customers
have been observed from block III to
Block II or from block II to Block I or
from block I1I to block I, then it would
have necessarily raise particularly the
number of customers in block I to a
greater & block II to lesser extent.
‘However, this has not been seen but
remained as it was before. From the
above presented fact therefore, it can
be concluded that the increase in water
tariff did not result in decrease in con-
sumption.

4. Problems Encountered

4.1Un-accounted for Water

Un-accounted for water, according
to Leakage Detection Project is gener-
ally defined as the volume of water, ex-
pressed in percentage of the total vol-
ume of treated water production at the
treatment plants, which is not billed to
customers. In other words, it is the vol-

ume of water calculated as the differ-
ence between the water produced at the
treatment plants and the amount of wa-
ter legally consumed from the system
for which corresponding billing has
been performed through water meters
or otherwise.

4.2 The Necessity of Replacement of
Gefersa Transmission Lines

The existing Gefersa transmission
lines (13kms) comprises two parallel
400mm diameter steel pipes. The sys-
tem was built in two phases. Phase I in
1943 and Phase II in 1955. The system
is thus more than 40 years old and the
pipe line is leaking badly requiring fre-
quent repair.

4.3 The Necessity of Replacement of
Old Pipes in the City

The Addis Ababa Water and Sew-
erage Authority has compiled a record
of stretches of pipe line

throughout the city for various rea-
sons are in urgent need of replacement.
In water 1IB project the problem was
partially addressed when about 14.3
kms of old and leaking pipes with di-
ameters greater than 100mm were re-
placed. Capacity limitation occurred
then due to shortage of money.

4.4 The Necessity of Rehabilitation

of Gefersa Water Treatment Plant
The present Gefersa treatment plant
was commissioned in 1960 and under-
went remedial works as part of the Wa-
ter Supply Stage 1IA project including
the insertion of values and new meters
on the delivery mains. It has a design
capacity of 30,000m*/day but is at
present producing about 25,000m?/day.

5. Conclusion & Recommendations

The water supply for the city is be-
coming shorter every time with- ever

growing population, The recent popu-'

lation census has set the population of
the city to be 2,112,737 in 1994. At an
average growth rate of 3.79% per an-
num, the current population is esti-
mated at 2.34 million (1997) and it is
expected to grow to 5.5 million by the
year 2020. Accordingly, the demand
grows from 203,000m*/day in 1994 to
1.07 million m*day while the current
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Table 3.7:Number of Customers by
Consumption Range during the years
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supply is only 135,000m*/day.

The completion of the Emergency,
Akaki and Dire Dam schemes will alle-
viate the current shortage but will not
sustain long since the demand grows
much faster to be followed by the big-
gest water supply project IIIA which is
planned to supply till 2020 adequately
provided the required fund is secured
particularly from external sources.
However, the current level of shortage
is 40% of the demand.

With regard to water consumption,
in prior three years or before the incre-
ment of the tariff, the distribution of
customers by consumption of water up
to 15m’® (Block I) fluctuate and hence
in the budget years of 1992/93; 1993/
94 and 1994/95 went on decreasing in
consumption to 59.0; 57.3 and 52.7
percent respectively. After tariff incre-
ment during the years 1995/96 and
1696/97 the distribution of customers
by consumption range followed the
same trend as before the increase in tar-
iff and hence shows 58.1 and 53.4 per-
cent respectively. The above fact there-
fore will lead to the conclusion that the
increase in water tariff did not result in
decrease in consumption,

On the ather hand, the Authority
has been in a percarious financial situa-
tion foy a long time and has therfore,
been unable to pay the principal and in-
terests on its loan that forced the Au-
thority to apply a new water tariff,
However, the increase in water tariff
did not result in decrease in consump-
tion.

This paper has briefly indicated the
major problem areas the Authority fac-
ing. The existence of these operational
problems need remedies to be sought
by the policy makers. From several
points to be taken into account the fol-
lowing points are recommended:

5.1 Large water consumers other

46

than drinking need to be encouraged to
dig wells of their own, The effect of
which will help to reduce the shortage
of water which exists currently.

5.2 Increased siltation, high rur-
bidity, high treatment cost and reduc-
tion in storage capacity of Legedadi &
Gefersa raw water reservoirs should be
avoided through integrated watershed
management in collaboration with re-
gional governments and the people in
the catchment areas.

5.3 AAWSA should replace old
pipes and rehabilitate the water treat-
ment plants to minimize the unac-
counted for water,

5.4 Those projectswhich have sig-
nificant contribution to the increase in
water supply need to search for forelgn
fund for its inplementaton which
would help overcome the current short-
age as well as meet the requirement of
the growing population.

Finally, it is hoped that this study
will contribute to a better understand-
ing of many problems associated with
the supply of safe & adequate water in
urban Ethiopia in general and to the
city of Addis Ababa in particular in ad-
dition to scarce resources to be man-
aged which will help for the improve-
ment of the service & increase effi-
ciency.
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study on the Effect of Rainfall Intensity
and Wash Erosion of Some

Eastern Hararghe)

on Splash

"

soils at Alemaya

Under Simulated Rainfall,
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Agprgseni‘nccglerated erosion by water Is a serlous
ma]or Causes soll erosion and overall land degradatio
The Increasing populatlon pressure has led to the cultivation of
irom the effects of ralnfall on the soll and is determined, among
were used by many researchers to measure a wide range of effe
ments depend on natural rainfall which is always unpredicable
using a spinning disc simulator which enables representative ki
tles. Assessment of the effect of rainfall, Intensitles on splash an
sampled at different places on a toposequence In Lake Alemaya

) Fekadu Yohannes, Alemaya University,

Abstract

n are the

ct

n

problem in various ecolo
inappropriate
slopes as steep
others, by rainf:

e

P.0.Box 138, Dire Dawa, Ethiopia

gleally sensitive parts of Ethiopla. The
crop and land management practices,
a5 50%. In general, soll erosion arlses
all eroslvity and erodibility. Field plots
s such as ralnfall, soll type and eroslon. Fleld experi-
+ A rainfall simulator experiment was thus conducted

etic energy to be achleved at a wide range of Intensi-
d wash crosion were made on flve soll tyoes that were

, watershed. The splash loss of Soill wa. the highest fi
ull Intensltles with a range 0f 337.8 - 666.7 g/m2 followed by SollS (88. e highest for

Soil4 for all Intensities (24.7 - 102.2 g/m2). The results of the wash cro

witha range of 1408.9 - 2804.4 g/m2 followed by sollS for the two higl
Sofll, and SoilS for the two lowest intensties.

relating splash and _wash loss to rainfall intens

Introduction

Most regions of sub-Saharan Africa
" suffer from several forms of environ-
mental  degradation  with  its
determinetal impact on food and agri-
cultural productivity and production.
Humi (1985) states that of all countries
in this subregion Ethiopia has the great-
est land degradation problems. The
major causes of land degradation are
the inappropriate crop and land man-
agement practices. The problems of
land degradation are also closely linked
with the development of propulations
and land shortage,
At present accelerated erosion by
Water is a serious problem in various
ecologically sensitive and densely
Populated parts of Ethiopia. As a con-

ZCQ.UEM{E of accelerating  soil
egrdation, the productive capacity of

the Ethiopian highlands is being
§reately undermined. 1t is estimated
that the Productivity is
Tate of' 2-3% annually (Humni, 1985).
" Soil ero§ion is considered the major
use of soil degradation in the Ethio-

declining at a
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ity and kinetic energy.

pian highland. The annual sediment
loss from the high lands is estimated at
one billion metric tons or about 20t/ha
and measured soil erosion rates from
slopes are even much higher than this
(Hurni, 1985).

Estimates by the Ethiopian High-
land Reclamation study  (EHRS)
(Weight 1984) show that around 52%
of the area in the highland’s is affected
by various degrees of soil degradation,
half of which is described as every se-
vere. In the Hararghe Highlands of
Ethiopia a removal of 2 to 3 cm layer of
soil were observed on a cleanly plowed
5 to 6% slope lands from a 10 hours
continuous forrential  rainsform
(Tamirie, 1982).

Soil erosion from sloping lands also
leads to sediment problems downslope
in streams and lakes. Sedimentation of
lakes reduces their storage capacity an'd
life expectancy. In extreme cases, se‘dl-
mentation changes an aquatic habitat
into a terrestrial one. Chemical fer}il-
izer (nitrogen and phosphorus) carried
in sediment and runoff also causes
eutrophication in lakes. Lake Alemaya

9-488.9 g/m2 ). The least splash loss was that of
slon showed that soll4 gave the highest wash loss

iest ralnfall intensities. The least was observed in
Linear simple and multiple regression analysis was also carried out

located in Eastern Haraghe Zone art an
altitude 0f 2000 m as! had once a maxi-
mum depth of 7- 8m(Brook, 1995); the
sotage capacity of the lake has now de-
creased to 3 - 4 m due to siltation.

Despite the severe implications,
there is a lack of qua-tiative data an
current rates of eros?  “3r most of the
watersheds in Eth'opia. The solution to
the problem of soil erosion and land
degradation lies, among others, in
quantifying erosion rates.

Soil erosion may pe divided into
splash erosion and wash erosion (sheet
erosicn). Under conditions of heavy
rainfall raindrop splash is by far the
most important part of the process
(Hudson, 1981). Several experimental
studies have established correlations
between soil erosion, average drop size
and thus kinetic energy and rainfall in-
tensity (Bubenzer and Jones, 1975;
Free, 1960; Osborne, 1954). Laws and
Parson (1943: in Lal, 1994) found tl'_mat
average drop size increased as the rain-
fall intensity inc.eased upto 150mn/hr.

Field scale plots (also called USLE
plots) were used by Wishmeier and
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predictable.

Smith (1978) to measure runoff and
sediment for predicting rainfall erosion
losses. Small plots were used in the
field to study the basic erosion pro-
cesses such as splash and wash erosion
that are difficult to study in detail on
longer plots (Mayer and Harmon,
1985). Field plot experiments depend
on narural rainfall which is always un-
Rainfall simulators are
widely used as experimenial tools in
that they apply water 1o small plots ina
form similar to the narural rainfall.
(Claassens and Watt, 1993; Morin
et.al 1967; Bubenzer and Meyer, 1965;
Moldenhauer, 1965) Rainfall simula-
tors are more rapid, more efficient,
more controlled and more adaptable.

Materials and Methods

A rainfall simulator experiment
was conducted in the laboratory using a
spinning disc simulator (FEL Rainfall
Simulator supplied by Armfield Ltd.)
to generate an artificial rainfall. In this
simulator a controlled flow of water is
supplied to a vertically oriented nozzle
directed downwards. The water from
the nozzle is intercepted by a horizontal
rotating disc having three segemented
opperatores. Each time the disc passes
under the nozzel a short burst of rain is
sprayed through the appertures to the
plot below.

Five different soil samples were
taken from the upper 10-20 cm of soil
surface at different elevations along a
profile between lake Alemaya and the
top of the subwatershed. Laboratory
tests were conducted to determine the
physical characteristics of the soils fol-
lowing the standard procedure
(Bouyoucos, 1962) for particle size
analysis and the procedures of Walkley

Test 1 Test2 Tcstr‘?" - .
uge | Rainfall Rainfall Rain ecan ' K.E 7]
R:’:;?Eorgl Intensity Intensity | Intensity (mm/hr) a OJJ/hﬂ) lﬁ::log
(mmv/hr) (mm/hr) (mm/hr) 7 - ]07101(& :)
] 1186 137.0 130.5 125.4 783 T
3 160 157.6 152.1 156.6 283 T
3 93.5 104.6 108.8 102.8 283 "‘m__\
4 78.0 90.7 87.9 85.5 283 243
5 90.7 97.7 96.3 94.9 283 3.68
[ 42.0 41.9 433 42.4 261 E
T Al intensities(l) greater than 75 mm/hr have kincuc energy(KE) value of 283x7p

Fekadu Yohannes

J/ha (Wischmeier and Smith, 1978).
) KE=118.9+87.3 logo I

Table 2: Rainfall intensity measurements at different positions under the rainfal]
simulator

and Black (Black 1965) for percentage
organic matter (Table 1).
To determine the rainfall intensity re-
ceived in the plot at different spots mini
rain gages of 77mm diameter and
125mm high were placed and the rain-
fall simulator operated for 10 minutes.
The water collected in each raingage
was then used to calculate the rainfall
intensity generated at different loca-
tions of the plot from which the respec-
tive kinetic energy (K.E.) and erosion
index (EI) were calculated (Table 2).
This information of the rainfall pattern
were used to determine the placement
of soil samples in manner to represent
varying rainfall intensities.

In undertaking the experiment on
splash erosion, six splash cups similar
to those used by Ellison(1947) were
placed in several positions where rain-
fall intensities were measured. The
splash cups are 75 mm diameter and
S$5mm brass cylinders with gauze sol-
dered into the bottom to allow dwater
to drain through the soil sample which
was placed upon a layer of cotton wool
in the cylinders. The dried soil sample
passed through a 60 gage mesh was
filled in the cup. Moldenhauer(1965)
states that more uniformity could be
achieved by using disturbed samples

Size distribution (%)
Soil [ Sand | Silt | Clay | Org.mat | DryBulk Slope
% density (%)
gperce

Soil1 | 483 | 22.1 | 29.7 0.97 1.38 15

Soill2 | 506 | 334 | 16.0 1.61 1.42 12

Soil3 | 5.5 | 19.5 | 300 2.07 1.34 8

Soil4 | 373 | 20 42.7 1.68 1.30 6

Sail 5 | 19.6 30 50.4 291 1.23 0.5

Table 1. Summary of surface soil characteristics

48

than trying to take undisturbed samples
since erosion is mainly from fields in
the plow layer that is changing
throughout the season. The splash cups
were placed in shallow water until the
soil was saturated and exposed to the
rainfall for 10 minutes. After exposure
and ovendrying, the cups with the soil
were reweighed using a field balance
and then the soil loss calculated.
Quantitative measurements of wash
erosion were also assessed with the
simulated rainfall under different rain-
fall intensities following the method
used by Moldenhauer (1965). To mea-
sure the soil loss due to wash erosion
wash-off trays 15x15 cm and 6cm deep
were used for the xperiement. The
trays have wire gauze placed in the bot-
tom to allow saturation and drainage of
the soil samples that were placed on a
layer of cotton wool. The soil samples
were passed through an 8n m sieve and
placed in 200gm layers into the rray
with no compaction. Only light level-
ling was applied with a wooden board.
After preparation of the soil trays they
were placed on a plafform which was
set at a constant slope of 150 and posi-
tioned each time at each of the spots
representing the meausred rainfall in-
tensities. The samples were then ex-
posed to rainfall for 20 minutes and the
runoff and sediments collected in con-
tainers through a plastic tube connected
to the outlet of the trays. The sediment
in the collected runoff was then al-
lowed to settle and then separated by
decanting the runoff water. The sedi-
ments obtained from each tray were

- then further oven dried and weighed to
determine the wash erosion.
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Table 4: Regressian equations
relating splash loss 10 rainfall
inrensity-

i Re "o Equation i Corelation |
t W o | Coefficient or |
XE

\ |

Table 5 Multiple regression equations
relating soil splash o the rainfall
intensity and kinetic energy of the

simulated rainfall.

Sol M‘W comelation
. coeficien for ()
Soil | S=183+146() on
Soillz s=2414-4%(0) 48
&Y T-IDHAB() ¥
So{H sl=2048+ 1746 () 0
Sal§ TR K]

T y 1
W:iie 6:Regression equation relating
erosion to rainfall intensity

Soil Regression Equation J

ER

__,___——-——"-—'—T
Corelation Cocflicient for KE

Sail 1 =
o | 0= B4 -SE0 ol I
S=SIWI604- 28 () + 21T (KE) | - —

Sl | sl=189070

. 98 -2.54 (1) - 660.82 (KE)

gﬁilfsl:ztsm,sa F15.67(7) - 158.98 (KET]
s1= 13836.82 + 347 (1) - 484.97 (KE)

|

Results and Discussion

Splash Erosion

A rainfall simulator experiment
was conducted to study the effects of
rainfall intensity on splash erosion
from the five soil samples taken at dif-
ferent locations in the field.

The different rainfall intensities
used in the study and as measured at six
different positions under the simulator
and the associated kinetic energy (KE)
and rainfall index (EI) are shown in
Table 2. the highest rainfall intensity
or kinetic energy recorded was 156.6
mmvhr and the Jowest 42.4 mm/hr.

The effect of rainfall intensity on
the splash ]oss for the five different soil
samples was found to be consistent €x-
cept for Soil2 and Soil3 under rainfall
intensities of 85.5 and 424 mm/hr
(Fig.1 and Table 3). The splash loss of
Soill was the highest for all intensities
with a maximum value of 666.7 g/m2
followed by Soils. This can be attrib-
uted to the low organic matter content
of Soil 1 and the high clay content of
Soil 5.

The least splash los

in Soil 4 for all intensities. The mini-
oil was 17.8g/m2.

organic matter

s was observed

mum value in this s

The relatively higher
content and higher sand fraction of the

soil might explain this observations.
Soil2 and Soil3 showed intermediate

00 results of the

043 comparisons
d

.60 presented an

045 the results of the

. co_
study of the dif

Table7:

: : Multi ;

intensiry andlfile regression equations relating to rainfall
inetic energy under simulated rainfall

w
ater 3(1) Rpril 2000

Fig .l Effect of rair 1
ifall i
splash erosion (g/m'zf) i

géll gl gl
ot i

IR
w |8
w |

Nplaah Lo, /o

w |8

1

o b

) LK
1944 i HIP] us 1] a
Lahhill Letemsity (@i

Fig 2. Effect of rainfall intensity on
wash erosion (8/m2)

0
gl g2 pSel? l
gl gSols R

-

wash Loss. /m &
B B

e b
AP \\PRARL ) LTI e

18458 jlu]
Rujafal by, Y

ferences in splash loss by soil type, lin-

. ole and multiple regression
analysis Were performcd on the data to
establish empirical relationship be-
tween the splash rates and rainfall pa-
rameters.

The linear regression equation used
to relate soil splash to intensity of the
simulated rainfall was of the forsl=2a~
b (I) where sl was the splash loss in g/
m2, I the rainfall intensity in :
and a and b aré empirically determined

constants.

The results of regression analy-

able 4. The correla-
igfits for Soill and Soil3 are
gher than for all other

tion coeffic
signiﬁcantly hi
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soils. The multiple regression equation
relating both kinetic energy and rainfall
intensity to splash loss was of the form
sl = ¢ = d (I)+g(KE) where KE is ki-
netic energy in 103J/ha, and ¢, d and g
are empirical constants,

The results of the multiple regres-
sion analysis are given in Table §, The
values of the correlation coefficients
for KE are not better than the values of
rainfall intensity. This is due 1o the fact
that the soils were exposed to a nearly
constant kinetic energy level and

splash loss was influenced by rainfall
intensity,
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Variati"“s

r/d Relations of Rainfall and

Taffa Tulu, Associate Professor, Ambo College of Agriculture, P.O. Box 19, Ambo, Ethiopia n
Abstract R :
ral months which produced appreciable runoff in the selected representative watersheds of west- :
pe maln g, were determined from the simulation result of a hydrologic model called HYBSCH. The varia- -
ghewd i :'runoff from year t0 year and the relations between rainfall and runoff were analysed for indi- .
eirunrls of ainfall an < of the years 1966 to 1990. The watersheds differ in the process of runoff production, The year to
lvldual rainy mf’:[ nfall and runoff are different for different months. July and August showed minimum variatloni
‘,ea,varlauons unoff. June and September exprienced higher varlations. Low coefficient of correlations were ob-
in rainfa! rainfall and runoff for individual months In each study watersheds. They vary from month to month
served petween ned to watershed. The relations between rainfall and runoff were found to be nonlinear. Several
and I waterSrOduced from the regression analyses of rainfall-runoff relations. The probability of rainfall occur-
wquat ns were l:ncy of exceedence Were determined from the duration curve. A graphical representation of rainfall
rence fre:};ur period was found to be more suitable for the rainfall variation analysis.
epthve\:sourzsjphrases; Coefficient of correlation, linear and nonlinear relations, rainfall variation, rainfall-runoff
rel:ii?“sv regression analysis, runoff variation
. and not retained as soil moisture either in the watersheds of Guder, Indris and
1. Introductl(\ﬂ moves to the stream as interflow or Belo in Western Shewa, Ethiopia, for
while portion of 2 rainfall record ~ penetrates 10 the water table and even-  the main rainy months of the years
may suggest an increasing or decreas- tually reaches the stream as groundwa-  from 1966 to 1990. The watershed ar-
ing wend, there is usually 2 tendency to 1€l . eas are .524 km?, 111 m’ and 290 km?
return to the mean; abnormally wet pe- Relationships between precipita- respectively. The Indris and Belo are
fiods tend to be balanced by dry peri-  tion and runoff and techniques of dis- sub-watersheds of Guder Watershed.
ods. The regularity of these flucrua- wributing the runoff through the time These watersheds are part of the Ethio-
tions has been repeatedly investigated. ~ are bases for efficient forecasting for  pian highlands. The Ethiopian high-
More than 100 apparent cycles, rang- the operation of hydraulic projects, for lands are the main sources of water, not
, ing in period from 1 10 744 years, have the extension of flow records on gaged only for Ethiopia but also for the sur-
l been propounded (Shaw, 1942). No  streams and for estimating the flow of rounding neighbouring countries. The
' persistent regular cycles of any appre- ungaged streams. The quantity of run- highland of Ethiopia comprises 45% of
ciable magnitude have been conclu-  off from a storm depends on the mois- the total area of the country (Drabner,
sively demonstrated (Mitchel, 1964).  ture conditions of the catchment at the 1988). The considered watersheds are
The extreme spatial coherence of rain- onset of the storm and on the storm located in the highlands of western
fall anomalies and their persistence characteristics such as rainfall amount, Shewa.
over long time periods are some of the intensity and duration. The soil mois- The Guder watershed i bounded
features f’f drought. Among the main  ture decreases logarithmically with by8°45‘Nand 8°57N latitude and also
;’;P]il“a“onﬂ of these anomalies are the time during periods of no pr ecipitation by 37°27‘E and 37°48'E lgngimde.
ch::) Zn Oscillation and associated  (Kohlerand Linsley, 1951). The rate of T-here are two rainfall periods in the r;—
(ie. gEl l\gn_ sea-surface . temperature surface runoff starts at Zero, incre'ases gu‘m. In bet\.veen the Two penqu, t. e
e .y ;ﬁ? )(’i changes in Veg_etation slowly at first and then more rap.ldly, rain fa]'ls quite seldom. _The .mz:ln rain-
ture, atmos ; ‘_)fChaﬂgeS m’sml mois-  evenmally approaching 2 relatively fall p.enod l'mown as ,big ramsooccburs
with the migdf:f qum and interaction  constant percentage of the rainfall rate. 10 this region ffom ;um.a ;o“ cu: reirr;
Much of thc- :t_““de atmosphere. Both the percentage and the rate of run- High r:om:c:mrauo;I o }r]aer .; 'siz‘i:nfall
first part of 3 Stor;‘f‘ falling during the  off depends upon rainlfall intensity.  July and Augz:&/ uc rf; frolm e “;
¢tal cover ag intercls St_ofed on the veg- There is oftena substantial lag between often nearly - fOf, 06;2:3189) % o ;
‘ontinues, jn sUrf;ptmn and, as rain  precipitation and the sub.r.aequcnt dis-  September 8[0‘; ta'90°/ of-the e oy
Pression storage Exce Pl_lddles & de- charge of that portion which recharge ~ means that 8 tc»ho rivc‘;S e dirine
- Storms, the grcalter Ceplinvery mienss the groundwater. Runoff rates are sen- nl{al flows l’; ¢  cainfall riod
Soil moisture (e ﬁcipomc-m of .thc local sitive to the spatial variation in rainfall,  this period. he sec‘on“ - :m =
Ore appreciable ency is satisfied be-  soils and topography (Freeze, 1980; knownas ,small rains ch e
Place. Warer infil S“‘_face runoff takes Yair and Lavee, 1985). Jast week of March'to the first wee
lltrating the soil surface The investigations were carried out  May. In the dry period between the end
wat
er 3(1) April 2000 51
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Table 1 Average monthly values of
rainfall & runoff for the year 966 to
1990 in Guder,Indris,Belo &Fatto

watersheds ,
Runoff in mm
Ranfull
i e nis  Blo  Fio
‘anuary 3 o 0 0 0
Febraary a ] 0 ] 0
March N [} 0 ] 0
Apr " 0 0 0 0
Miy 158 9 3] ] 2
June 0 40 H] 3 H
uly 53 L]l 13§ 128 98
August M) m m 1% 0
Scptember m 15 n 160 155
Cetober 3] @ 3B ] 5
Novemoes 2 i 1 0
December 18 3 v 0 0

of October and the end of February,

the amount of rainfall is generally
small. December is usually the driest
month with only small cloud in the at-
mosphere and hence great radiation
loss from the earth during the night giv-
ing rise to night frosts. Eventhough the
relative humidity from November 1o
March is small, there are greater differ-
ences berween its values, The dry pe-
riod terminates at the end of February
or at the beginning of March. This dry
period is characterized by strong day
winds which blow east to west causing
higher evaporation. The mean monthly
temperature over many years flucruates
berween 10°C and 20°C (Taffa, 1989).
Hydrological information are present
for some rivers of western Shewa such
as Holetta, Berga, Guder, Indris, Belo
and Fatto. The homogeneity tests of
their streamflow were performed by
Taffa (1989 and 1991).

The main objective of this paper is
to analyse the variation of rainfall and
runoff and alsc the relations between
rainfall and runoff of individual rainy
month over a long period of time in the
selected watersheds of western Shewa,
Ethiopia. A profound understanding of
rainfall-runoff relations is necessary
for deriving valid methods under vary-
ing rainfall. The possible existence of
rainfall periodicity or systematic se-
quence of occurrence wil be assessed.

2. Materials and Methods

The simulated values of runoff us-
ing a deterministic conceptual hydro-
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Table 2 Rainfall of Guder Watershed
in the rainy months of June to
September (1966-1990)

June July Aug.  Sept. Sum

Year (mm)  (mm)  (m)  (mm)  (mm)
1966 168 252 m 91 939
67 b 128 262 183 904
68 Pt m 19 m 897
69 m n 120 184 358
0 piH] K3t 303 135 1004
! 1’36 202 265 180 1331
n 114 W1 188 177 16

. n 161 U 189 127 01
B 1l pat] 154 261 994
5 25 309 e 187 1055
16 ]7§ 9 M 185 813
n 240 285 87 ) M 1086
n 163 263 259 27 1293
7 124 199 309 248 830
80 286 275 281 210 1052
8] 260 Jod 280 205 1049

82 197 161 208 20 16
83 87 m 2% 29 838

84 20 301 17§ 142 828
[ 191 il 218 16 756
86 285 156 149 100 690
87 156 170 210 9l 627
88 1712 283 300 144 899
8 9] 209 181 7 716
% ns 417 20 190 1202
Mean 203 253 M3 183 682

logic model called HYBSCH (Taffa,
1989, 1990 and 1991), as shown in
(Table 1), and the corresponding ob-
served values of rainfall made clear
that the rainy months causing appre-
ciable surface runoff are June, July,
August and September. The method of
the hypsometric curve was used in the
calculation of the areal rainfall from
point rainfalls observed at stations of
Guder, Shenen, Gedo and Ginchi for
the years 1966 to 1990 (Table 2). The
volume of runoff was converted to run-
off depth in millimeter using area of the
watersheds, namely 524 km?, 111 km?
and 290 km* for Guder, Indris and
Belo watersheds respectively(Table 3).
A frequently used measure of rain-
fall variability is coefficient of varia-
tion defined as:

— Taf‘fa Tulu

Sd
m

e

»100%

n
where Sd s the standard deviagjop, of
precipitation in percent and Pm i Mean
annual precipitation in mm., [ most
part of the arid world, rainfal] s not
normally distributed and  Wajjgp
(1968) had made use of the iterannya]
variability

-
V; - ]002( n-1 n)
P(N-1) ()

(where n is an idividual year in a series
of N years), which is the percentage ra-
tio of the mean interannual precipita-
tion difference (taken regardless of
sign) to the mean annual precipitation.
To understand the availability of
water, it is necessary to examine the
statistical properties of frequency dis-
tributions of rainfall. Gibbs (1981)
states that, unforrunately, the fre-
quency distribution of most daily rain-
falls, many monthly rainfalls and some
annual rainfalls are far from normal
(Gaussian), and the use of arithmetic
means and standard deviations is quite
inappropriate for many purposes in-
cluding the study of drought. Fre-
quency distributions, probability distri-
butions, probability of exceedence and
recurrence intervals (return periods) of
rainfalls were determined for the
month of June (Table 4), Similar com-
putations were done for the months of
July, August and September. A useful
device is to use a diagram of percent-
age cumulative frequency versus rain-
fall depth (Fig. 1). A curve plotted on
such a diagram shows the percentage of
occassions a particular value is ex-
ceeded (Dyck, et al, 1980a and b; Dyck
and Peschke, 1983).~
Coefficient of correlation between
rainfall and runoff for the individual
rainy month in the study watersheds
were determined (Table 5) for the time
series of 1966 to 1990. The rainfall and
runoff data from tables 2 and 3 respec-
tively were used for the investigation of
rainfall-runoff relations. Regression
equations were derived for each month
in each watershed (tables 6 and 7). The
analytical technique for the relation be-
tween precipitation and runcff uses
the equation (Linsley, et al., 1985):
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where Q is direct runoff, P is storm
rainfall, Ips is a runoff index approxi-
mating the first quadrant of a coaxial
plotand n is a constant. Runoff index is
deﬁch as the ratio of direct runoff to
precipitation. The linear regression
model has been applied to annual rain-
fall-runoff data from small watersheds
an.d ]argc basins by Diskin (1970),
Diskin et al. (1973) and to separate
storms by Fink et al. (1979). For sepa-
Tate storms the model can be written as

R.=0 fol- 0<P <8

R=a)(P-6) for P> 8 @
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rab!ej ?:;Zmber (1966-1990) iy months of
')uﬂef g s iler Runoff in mm for Indris RUNOITin o or Belg .
e June L T ‘t’. Ju_nc Juj A_uf Scp' m Sep
g = .
. W 1S % WM sy g =
19 w0 126 12 156 154 13 o
S s s gy
T 245 0S4 104 130 106 45 B R
oA 1@ W@ b W o-a % om i
e mooowm m s 155 % 9 Mo o g
! o me W01 B 160 U0 160 @ s i
. ow g I 4 14 L L N T T
s B 206 168 68 208 180 10 ¢ 139 g9
N ooy 16 182 9205 M 12 15 180 e
5 0 156 207 m 2 202 209 17 49 151 190 132
ey W W 9 30 m 20 7 N W W
| B 8 1w e 4 r 2} S R U TR 8169 gl
‘ 6 0 125 209 158 17 g 38 203 25 08 163 184
i BE O M- 18 - s N 01 146 50 6 % 19
! W 169 167 149 n W 2% W
}i ne e 24 163 18 M 1 n s M m
E W1l B ;1 81 291 10 25 108 18 167
‘ 5 ® e W 19126 87 304 209 42 M8 23 28
TR 12 200 9 4 162 150 1 % 66 A3 %
‘! g % W w1 W U 16 0 1 &4 M 20 8
PSRN Tt BT TR ¥ S 81 155 108 43 2 16 129
R 8 24 M3 39 151 186 M 8 146 209 158
@10 102 265 185 20 oo 8 BT 1R 0 228 18
% 9 109 23 9 N 330 190 3 12 e W
‘ 9 8 M M w8 W0 B s 1S %
Man 42 4425 156 30 P8 219 WS 39 132 193 168
1 : . i .
Q-(P"- I")n T , where R is mnoff,P:; precxpit.ation,
ps Ps. (3) is threshold value and is runoff index.

The runoff index of the individual
rainy months of the watershed were
calculated.

3. Results and Discussion

3.1 Rainfall Variations Within
Individual Rainy Months

The coefficient of variation of rain-
fall from 1966 to 1990 were computed
using Eq.(1) to be 29%, 23%, 20% and
31% for the months of June, July, Au-
gust and September respectively. T}}e
coefficient of variation is OVer 25% in

most parts of the dry world, and ex-

ceeds 40% along most desert margins.
The months of June and September €X-

hibit the ¢p
arachy, :
July and Aygue - T3 Tegion, gy

Bust are, th
o » theref
.Gf Minimum rainfy)) 0re, months

annual varia;
on '
Bompit ity (zof rainfall wag
] .Iflhe sample of obg
l:z::enflly large, the Percentage cumy|
requency curye may be used :-
+]
ty of occurrence

Ervations is suf-

deduce the probabilj

Eggs. b and 2). Gibbs (1981 5
at the square roos of h ol
' ourly, daily
and monthly rainfa]| tend 10 b Y,
mally distributed, and gty
square root scale for t} o -t
scale of the ordinate i . ﬂbsmssa_. e
magnitude of the el o
on the abscissa is il e
: normally distributed
the curve will be a straight line, |
. pth versus percentage cumu-
lative frequen.cy (Fig. 1), rainfall depth
versus duration curve of frequency
(Fig. 2) and normalized rainfall (rain-
fall ratio 10 mean annual rainfall) ver-
sus return period (Fig. 3) have different
§lope's of" curves and this has important
implications for hydrologic and geo-
morphic processes. The slope of the
rainfall frequency curve graphically
represents the standard deviation, Sd,
of the rainfall frequency distribution,
and the higher the slope, the greater the
standard deviation, or year to year vari-
ability in rainfall. Of these four months,
rainfalls in the month of September are
the most variable and rainfalls of June
has intermediate varability and rain-
falls of July and August are the least
variable. The slopes are more defined
and easily understandable in Fig.2 than
figs. 1 and 3. In Fig. 1, the slopes are
least defined. It is, therefore recom-
mended 1o use a graph of rainfall depth
versus frequency of exceedence for
rainfall variation analysis. The next al-
ternative can be the use of Fig. 3.
The rainfall amount of the four
rainy months were added together for
each year of 1966 to 1990 (Table 2)

and were compared with their annual

mean of 882 mm. The aim was to testif
there exists any periodicity of logical
sequence of rainfall. The rainfall oc-
curred below the long-term annual
mean every 2, 3 or 6 years. For ex-
ample, it was below the annual meanin
1969, after 2 years in 1971 and was ex-
tended up 10 1973, after 3 years
1976, after 6 years in 1082 and was €x-
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Table 4 Rainfall frequency distribution for the month of June in the years 1966

in the three watersheds, namely hi
t0 1990 for the Guder Watershed i

for June, high for July, intermediate 1
September and least for August, ConC;r

§ er Fo Fd Fe Pden  Pdls  Pe ra Re Rn paring the watersheds, highest variabi).
1 87106 1008 I 004 004 092 o008 109 125 ity is seen in the Belo watersheg and
1074126 : o0 3 0.08 012 o083 oir 120 sss theleastin the Indris watershed. ‘
3 127- 146 : 005 4 0.04 006 075 025 133 400 The runoff indices for the Mmonths |
o 147-166 3 oas 7 012 o o0& om; 149 ag Of June ,JUIY' August and Septembe;
5 167 - 186 4 020 1 0.16 044 058 042 172 238 {:rr:i:ee;f:d f 1326010015930 (;vgere de- |
I o be Q. : .88 ‘
y 1208 . a1 12 ua iz, - Ga W w200 0.85 respectively for ,the Gl,;der wa?:f i
? 207226 1. 008 14 0.04 036 041 0S8 28 12 g0y 0708 055 0.90 and 0.99 Fefiens
¥ 227246 7 038 21 0.28 08¢ 03 08 30 14 oo oo Indris watershed, and 0.19,
9 247 - 266 1 0.08 22 0.04 0.88 025 0,75 4.00 143 0.52,0.79, and 0.90 respectively for the {
It 267-286 2 010 24 0.08 09 017 083 388 120 Belo Watershed. The runoff index for
i} 287.326 1 0.03 28 0.04 1.00 0.08 0.92 12.5 109 June is the least in all the three cases
Note: and that of August is the highest for
C =class Fd = frequency density (Fa/ x) both Guder and Indris watersheds. The
Cr = class range sx = class interval (here 20 and once 40)  Belo watershed has very deep soils and
can store more soil moisture till the end

Fa = absolute frequency Fc = cumulative frequency

Pdis = probability distribution (Fc/n)

Pden= probability density(Farn)

Pe= probability of exceedence(! - (r/(C+1)))

r= an individual class in C classes

Pn= probability of non-exceedence (1/(C+1))
Re= recurrence interval (return period) of frequncy of exceedence (1/Pe)
Rn= recurrence interval (return period) of frequency of non-exceedence ( 1/Pn)

tended up to 1987, and after 2 years in
1989. The cycle seems to follow a pat-
tern of 2, 3, 6 and 2 years of rerurn peri-
ods. However, it is very hard to gener-
alize the logical sequence of repeatition
using only data of 25 years.

Table 5 Coefficients of correlation b/n
rainfall & runoff for the individual
rainy month of the study warersheds

3.2 Runoff Variations Within
Individual Rainy Months

The variability in runoff reflects
mainly the variability in rainfall. Al-
though soil moisture and mechanisms
of runoff production may vary during a
storm, the physiographic characteris-
tics of a warershed are essentially per-
manent (non-variable), and thus there
is little basis for suggesting that over
short time-scales the variability of rain-

of August in which the ground water
keeps soil moisture almost constant in
September also. This might have con-
tributed to the higher runoff index in
September than in August.

The normalized frequency curves
which were plotted for the four rainy
months of the three watersheds have
different slopes of curves (Fig. 4). The
slope of the curves show the degree of
variability. The higher the slope, the
greater is the year 1o year variability of
runoff in the considered month. In all
the three watersheds, the month of June
shows the highest year 1o year variation
(Fig. 4) and August the least variation.
The month of September shows higher
variability than June. Therefore, the or-

Ot i = fall reflects any thing more than the der of months with respect to year 1o
' variability in rainfall amount or inten-  year variation from least to highest
e 0ands D4ied 0261150 sity. Patterns of runofT are strongly in-  variability is August, July, September
luly 012431 041879 ol fluenced by soil thickness and perme-  and June. The runoff is almost stabler
= ot o s ability (Ki‘rkby, 1978)..Typ.ically, soils  for Quder Watershed than those qf
become thinner as gradient increases. It  Indris and Belo watersheds. The vari- ;
September 0219580 0214918 0448 js more difficult to parameterize soil  ability is higher for the month of June ‘

-
%

Table 6 Regression equations derived
Jor the individual rainy month of the
siudy warersheds based on linear
relations (Note: R=runoff: P=rainfall)

permeability or hydraulic conductivity
over large areas and, therefore, I did
not incorporate soil data into this analy-
sis.

The coefficients of variation of
runoff in 1966 to 1990 for the months

in the Guder and Belo watersheds than
that of the Indris Watershed. These dif-

Table 7 Regression equations derived
Jor the individual rainy month of the
study watersheds based on nonlinear

Gl i !
i : of June, July, August and September  relations I
were computed using Eq.(1) to be 65%, il i S :
o R=0lF 1=t RUNG - 359 20% and 31% respectively for
1y R=QIPHI R=0146) R0 1 §53lijier Wate.rshled,f 451%(,i 32% 29 Eng s R0 R0ISE-§ R=0(3) :
o respectively for Indris Watershe
hiat R=02P4 14 R=04P41N B=02pe1 R=05p-1 =050 Re032?
L ! and 70%, 24%, 22% and 23% respec- e ok
Sgme R0 Re0mpIz RUNIB  tively for Belo watershed, The coeffi- M R0+ i i
cients of variations follow similar trend ~ Swabr  R=085p+1) R=019P Rt
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tershed that is directly in-gu
p volved in the runoff pro-
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of the study watersheds  variations in rainfall from

least to highest variability
was August, July, June and

of the four rainy months
in the years |
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September while that of
runoff was August, July,%l
September and June. The
highest variability in June-%u
is because of the moisture
and groundwater condi-
tions influenced by thei‘
,small rains" which occurs §
from the last week of‘iu
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May. The rainfall of this

period is highly erratic.
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';[’g- 2 Duration curves for the four rainy months of ~ moisture and groundwater
estudy watersheds in 1966 to 1990 level are also

highly variable from year to
year in this period. Correla-§

tions between the rainfall ,
and runoff variables varyt
widely from month to
month and from watershedj
to watershed (Table 5). The
coefficients of correlations 1§
are relatively higher for thtas
Indris Watershed than the, |
others. However, they are i
insignificant for all the
cases. Therefore, the rela-
tion between rainfall and
runoff is nonlinear. I de-
rived regression equations
for the individual months of
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tions were derived with the help of Eq.
(4). The equations based on linear rela-
tions vary from watershed to watershed
for each month while those based on
nonlinear relationships are almost close
to each other for each month from wa-

tershed to watershed (Tables 6 and 7).
\

Equations of nonlinear relationships
can, therefore, be derived as average
values of those of the three watersheds
for each month as follows:

R=0.18 (P +2) (June) (5)
R=0.52P (July) (6)
R=0.86(P+2) (August) N
R=0.85P (September) 8

where R and P are runoff and rainfall
depths in mm respectively.

4. Conclusion

The rainfall doesn’t exhibit distinct
periodicity but implies some sequence
of being below long-term annual mean
which happened in this case to have a
cycle of 2 - 3 - 6 - 2 years. The exten-
sion of rainfall which is below the an-
nual mean for a longer period of time
during the main rainy months, e.g from
1982 to 1987, is similar to a feature of
drought caused due to Southern Oscil-
lation or El Nifio. The use of a graphi-
cal representation of rainfall depth ver-
sus rerurn period is more suitable for
the rainfall variation analysis. The
highest year to year variation of rainfall
occurs in the month of September and
of runoff in June. The month of August
have the least year to year variation of
both rainfall and runoff while the
month of July experiences medium
year to year variation in both rainfall
and runoff. The Guder Watershed re-
vealed stabler runoff in August as com-
pared to the other two watersheds. The
Guder and Belo watersheds experi-
enced higher year to year runoff varia-
tions in the month of June than that of
the Indris Watershed. This fact shows
that the watersheds are different in the
process of runoff production.

The coefficients of correlations be-
tween rainfall and runoff variables vary
widely from month to month and from
watershed to watershed. They are in-
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significant in all the cases implying
nonlinear relationships. The nonlinear
response of watershed runoff appears
to be set by the process controlling wa-
tershed hydrological memory. The wa-
tershed hydrological memory is set by
water retention and water loss pro-
cesses related to such features as soil
properties, vegetation, hillslope pro-
cesses, regional groundwater flow sys-

tems, and the atmospheric boundary

layer regime.
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Physical Morphometric Characteristics

and Water Resources Capacity of Abaya
and Chamo Lakes

Seleshi B. Awulachew, and H.-B. Horlacher (Prof. Dr.-Ing.habil), TU Dresden, Germany

Abstract

The purpose of the study undertaken in this paper is aimed at studying the Abaya and Chamo lakes, which are not
previously studied in any meaningful detail. The paper discusses the bathymetry survey undertaken and the resulting
morphomoteric characteristics derived as a result. The background lake map has been digitised and surveyed data has
been also developed as digital values. The digital values have been interpolated and grids of the elevation surface have
been generated. From the digital values elevation area and elevation volume curves (capacity curves) of Abaya and
Chamo Lakes have been developed, which can describe the water resources capacity of the lakes body. Furthermore,
immediate application of the result as a continuation of the study is highlighted in the paper.

Introduction

1. General Description of the Lake
and the Drainage System

The Abaya and Chamo lakes be-
long to the Ethiopian rift lakes system,
which in turn is the component of Afri-
can Eastern Rift Valley. In east Africa
the drainage pattern began 1o change
following upward movements and vol-
canic activity in Miocene times, start-
ing 25 Million years ago, Crul (1995).
A wide stretch of land from Eriteria to
the Zambezi has been lifted more than
1,000 meters since the Miocene. The
two edges have been raised further,
forming two great rift valleys. Tectonic
activities in and near these valleys
formed series of splits in the earth’s
crust of which some are more than
1000 meters deep and have filled with
water. In this way the Abaya and
Chamo lakes as well as the other rift
valley lakes (excluding Lake Victoria)
has been formed.

The Abaya and Chamo Lakes are
components of the Rift Valley Lakes
Basin (RVLB). The RVLB comprises
of 8 natural lakes and their tributaries
se¢ Figure 1.1 and Figure A1 in Appen-
dix for details. The Abaya-Chamo
drainage sub-Basin (ACB) comprises
mainly the two lakes, Lake Abaya &
Chamo, and rivers and streams which
are Gelana, Bilate, Gidabo, Hare, Baso,
Amesa & other small brooks and
streams entering the Abaya lake. Out-
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flow from Abaya with Kulfo and other
streams Sile, Argoba/Wezeka and
other brooks and streams are entering
to Chamo and an overflow from
Chamo through Metenafesha joins
Sermale river to join Sagan river,
which intern ends up in Lake Chew-
Bahir at border of Ethiopia with Kenya.
The Abaya & Chamo lakes are treated
in conjunction as a single basin because
the two lakes are hydrologicaly inter-
connected. The level difference be-
tween the two lakes is about 61m.
Morphometry is the measurement
of the form characteristics of lakes and
lakes basins. The three dimensional
form of a lake basin and several aspects

Gelana Dulai R

Chewbahir L.

Fig. 1.1 Southern Rift valley Lakes
Basin of Ethiopia
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of the lake dependent on kind of topog-
raphy in which it is formed, physical
means by which the lake come in to ex-
istence and the conditions and events in
the lake & drainage basin since its for-
mation, Chow (1964 ). The most im-
portant standard general and morpho-
metric parameters of lakes labelled ac-
cording to Chow, for the two lakes are
investigated in this paper. Field data
collection work under the umbrella of
the ACB research has been undertaken.
The methodologies of data collection
in the field survey work, analysis of
data and derived results are presented
in the following sections
2. Bathymetry Survey of the Abaya
and Chamo Lakes
2.1 General

The bathymertry data for Abaya &
Chamo Lake is not readily available,
and only lake Ziway has got bathym-
etry data in RVLB, Halcrow (1992).
‘The absence of such data has hindered
various useful studies and planning
which would have facilitated the water
resources development of the drainage
area and the lake body itself. In their
reconnaissance master plan study,
Halcrow (1992) couldn’t model the
water balance of the two lakes because
of absence of data. Similarly Alexander
Gibb and Partners in their attempt to
model the water balance of Abaya Lake
in Gelana Irrigation Development
Study, Gibb et. al.(1987), Sahily, G.
(1994) in his hydropower study for
Kulfo rver, assumed non-existing
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ideal lake volume and data. Earlier ap-
proximate depth contours of Lake
Margarita (Lake Abaya) has been
sketched by Morandini, G. in 1941 as
reported in Riedel (1962) with few
measured points. Thus for various fu-
ture applications stated below and as an
objective of the wider study of ACB,
bathymetry data of Abaya and Chamo
Lakes have been collected and the re-
sults are presented.

The data and result document have
various applications, and among others
the following are some of these appli-
cations: -

water resource quantity assessment

of the lakes

computation of water balance

model for the lakes and entire

drainage area

assessment of project development

impact on the lakes

limnological and water quality
study of the lakes
hydrological/hydraulic study of the
two lakes and their drainage system
fisheries, tourism and agricultural
development using the lakes.

The bathymemry survey of the
Abaya as well as the Chamo Lake has
been carried out in the first half of
1998. Only a short description of the
equipmént and methods used, data of
the survey work, results and conclu-
sions on the data collection have been

contained in this document. Full docu-

ment of the undertaken study is pro-
vided in other document in Seleshi
(1999).

2.2 Equipment and Methods Used

The equipment used in the study in-
cludes Boat, Echo sounder, GPS and
accessories. For details on accuracy of
the equipment, capacity, needed modi-
fications and etc., see Seleshi (1999)

An appropriate and optimal meth-
odology has been set out in the field
based on the first two days of recon-
naissance work. The required param-
eters are depth and corresponding loca-
tion. The method of measurement de-
scribed as follows:

i. GPS setting: The GPS was set,

and important parameters, which in-
cludes, latitude and longitude, travelled
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distance, orientation, have been set to
be displayed.

ii. Echosounder setting: The setting
is carried out according to the operat-
ing manual and adjusted to display
shallow water depth both graphically
and digitally.

iii. Echosounder calibration: the
Echosounder is set and the boat was
taken in to the position where sufficient
depth is available for calibration. Ac-
wal depth is measured and the Echo
sounder is adjusted to read the mea-
sured depth at the point, which ensures
the calibration. Calibration value for
sound speed in Abaya Lake of 1500m/s

and 1550m/s for Chamo Lake provided
good result, For possible errors of mea-
surements refer limitations section 7
below.

iv. Measurement: During the
measurement first an approximate ori-
entation got chosen based on pre se-
lected marks. While travelling in the
selected orientation a quickly changing
co-ordinate is pre-registered at inter-
vals of 0.1minutes latitude or longitude
distance (about 180m), the correspond-
ing longitude or latitude respectively
registered. At the same time the corre-
sponding depth from the display of the
echo sounder have been registered.

However, near banks, and where
there were sudden depth variations,
records were taken at shorter intervals.

3‘. Bathymetry Survey Database

and Generation of Digital Data
3.1 The Database

The survey data includes 20 days
survey work of Abaya Lake in the pe-
riod 25.02 to 29.04 1998 and 9 days
survey work of the Chamo Lake in the
period 1.05 to 31.05.1998. The data in-
cludes date of measurement, sound
speed taken for measurement and de-
tails of equipment as a header. The data
from the measuring equipment, i.e, lati-
tude, longitude in degrees and minutes
and depths were recorded, including
remarks. In total 4050 depth data points
for Abaya and 2400 depth data points
for Chamo have been captured. These
data have been compiled and included
in Seleshi (1999). The data routes and
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captured points are indicated i,
A2, in Appendix.

The collected data shoulg be ag
justed using a reference value of lak-
water level to provide accurate COmpue
tations with respect to reference damm.
The adjustment is needed to carer fo£
small variations during the investig,.
tion period. During the reporting pe-
riod of this paper these values are no,
obtained from the MOWR, and dar,
haven’t been adjusted. According 1o
observations during the data collection
and previous monthly lake water leve]
records this factor is expected to affect
at maximum the lake level of Abaya by
about 0.15m and that of Chamo lake by
about 0.1m. Thus, to use information in
this document one has to make neces-
sary adjustments accordingly.

FigUres

3.2 Interpolation and Generation of
Digital Data
The spatial coverage of the survey
can be considered as sampling values.
To obtain regular grid data for the en-
tire surface of the lakes the data have to
be interpolated. The temporally ad-
justed and corrected lake water levels
and depth data are mapped on top of
digitised background Ethiopian Map-
ping Agency (EMA) map. Having su-
perimposed the digitised background
map and digital data the scartered data
have been interpolated to create grid
data, using various interpolation tech-
niques, provided in surfer graphic soft-
ware. The interpolated grid data are
used to create contour maps and to de-
rive various morphometric parameters
of interest and maps of the lakes. -
Gridding is the process of using
original data points (observations) in
an XYZ data file to generate calculated
data points on a regularly spaced grid.
A number of gridding methods and
various softwares are available for the
purpose. Interpolation schemes esti-
mate the value of the surface at loca-
tions where no original data exists,
based on the known data values (obser-
vations). Thus the grid is used to gen-
erate the contour map or surface plot.
The various grid methods include:
Inverse Distance, Kriging , Minimum
Curvature, Nearest Neighbour, Polyno-
mial Regression, Radial Basis Func-
tions, Shepard’s method, Triangulation
with Linear Interpolation. Having
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(ested these methods with the collected
data, the last method, i.e., triangulation
with Linear Interpolation has been cho-
sen to derive end results in this study.
This method 1s fast with all data sets.
When small data sets are used Triangu-
Jation generates distinct triangular jac-
ets between data points. One advan-
tage of triangulation is that, with
enough data, riangulation can preserve
break lines defined in a data file. For
example, if a fault is delimited by
enough data points on both sides of the
fault line, the grid generated by trian-
gulation will show the discontinuity.

4. Computation of Lake

Parameters

From the prepared digital data vari-
ous morphometric characteristic pa-
rameters and maps of the two lakes
have been prepared. Various morpho-
metric parameters have been defined in
Chow (64 ), and the included param-
eters 1n this study have been redefined
and summarised in the following sec-
tion. Contour maps, elevation-area,
and elevation-volume curves. In addi-
tion correlation equations between
depth and area as well as volume have
been developed using polynomial
curve fitting techniques. Procedures,
methods of computations and results
are described in the following sections.

4.1 Morphometric Characteristics
The most important parameters of
morphometry of lakes according to,
Chow ( 1964), are; area (A), maximum
effective length (Lme), maximum
width (Wme), mean width (W), shore-
line (L) and depth (d). The following

table and definitions provide these
most important morphometric param-
eters and other computed general char-
acteristics of the two lakes:

Lme , the maximum shore to shore
length without being interrupted by is-
lands, can be considered as fetch length
similar to term in reservoirs.

Wme , the maximum shore to shore
width without being interrupted by is-
lands

W, Average width = Area/Lme

L, Average length

d, the mean depth of the lake = /4

dmax ,.the maximum depth of the

lake

A, the total surface area of the lake

V, the volume of the lake

Accordingly, the table below
summarises these values for the two
lakes

4.2 Contour Maps and Three
Dimensional Maps of the Lakes
Based on generated grid data, con-
tour maps have been developed and
shown in Figures A3 to A4 in Appen-
dix.

4.3 Elevation-Area Curve of Abaya
and Chamo Lakes

The processed data is related to a
reference lake level and used for com-
putation of various elevation-area of
the two lakes. Neither 1o get a bench
mark for elevation around the lakes nor
to set new reference datum with avail-
able equipment was difficult. Report
provided in this document considers
reference level according to Ethiopian
Mapping Agency ( EMA) 1972, which
also used as abase map for the study
[The time variation of lake levels are to
be taken in to account according to dis-

Table 4. 1: Summary Morphometric Characteristics of Abaya and Chamo Lakes

Table 4, 1: Summary Morphometric Characteristics of Abaya and Chamo Lnkes

Parameter Lake

Abaya Chamo
Altitude (m) 1110 (NMSA 1:50,000 maps)

1169 1108 (NMSA 1:250,000 maps)
Basin arca, including lakes (km’) | 16,328.52 T8599.8 ( with Abaya Contributlon)
A, including Islands ( km™) 1119.03 338.15

(S {T)) 593 B/n 553585 & 37°30°'E | 33.5, b/n 5°42'N & 37°39°E to
- 6°35'N & 38°02'E 5958'N & 37°36'E

W (k) 27.1, LtoL 155, LwoLl

W (km) Ta.13 To1

[ — Z4.3, around thc islands 14.2, necar the middie

d.m B8.77 579

Shore Tine (km) 268.78 108.1

Volume, m” 9.3568025x10" 3.924Gx10°
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cussion given above]

For various elevation points based
on generated grid planar and surface
areas can be computed. The surface
area considers slope and elevation in to
effect to compute the area, while the
planar are computes the projected 2 di-
mensional plane area parallel to the
water surface. However, the water area
and the land area protruded as islands
are computed as positive and negative
areas respectively. Thus 1o obtain the
water area the positive areas should be
considered. Both values can be com-
puted in surfer. The planar areas are
summarised in Table 4.2 and 4.3 and
are plotted in Figures 4.5 a) and 4.5 b)
for Abaya and Chamo Lakes respec-
tively. The fitted elevation area poly-
nomial curves, which are shown on the
Figures, are given by:

Abaya Lake
A=0.015d°-0.4596d*+4.5807d*-
20.497d%-1.0835d+1062 with R? value
0f 0.9995

where d is depth of water in m, mea-
sured from lake level 1169m

Chamo Lake
A=0.0029d°+0.0774°-0.76294°+2.9853d2-
15282d+334.17with R2=0.999 (4.1)

where d is depth below zero water lake
level, measured from lake level 1110m
above sea level

For complete list of fitted equation
see Appendix, Table Al

4.4 Elevation Volume Curves
Based on the derived elevation-area
curve and depth, elevation-volume can
be computed using various methods,
which are briefly described below:
i Average area or trapezoidal method

Al+ A2
2 (4.3)

V=nh

ii. Simpson’s rule method

Al + A2 + A3

o 3 (4.4)

h

iii. Simpson’s 3/8 rule method

V=h 2Al +2A2+2A3+1A4}
8 ] 8

3 @5)

59

Generated by CanScanner from i ntsig.com




Where
h depth values
Al, A2, A3, Ad arepla

interpolation points.

nar areas at

The above three metkods are also

used to determing volumes in this sm(.iy
45 in surfer software- The dif-
ume calculations by

thods also gives 2

as well
ference 10 the vol

the three different me
qualitative measure of the accuracy ©

the volume calculations. If the three
volume calculations ar¢ reasonably
close together the true volume is close
10 these values. If the three values dif-
fer somewhat, one should probably
produce a new denser grid file and per-
form the volume calculations again.
The net volume can be reported as the
average of the three values.

The relative error for the volume
results can be estimated by comparing
the results of the three methods. Then
the relative error can be given as a per-
centage of the average volume. The
relative error can be estimated using
the following formula:

_(LR=SR), 0

RE
Aver

(4.6)

Where RE is the relative error

LR is the largest result from the
three methods v

SR is the smallest result from the
three methods
AVER is the average of the three
methods

Computation of volume by the
above mentioned procedure provides
the cut-minus fill volume above or be-
low a specified level. In order to obtain
the net water volume in the lake in
surfer the cut volume should be consid-
ered when the water surface is taken as
upper surface. Volume can be com-
puted for various water depths.

In this way the volume of the lake
for various elevation have been com-
puted. The computed tabular results as
well as plotted results are presented in
Tables 4.2 and 4.3 and Figures 4.6 a)
and 4.6 b) for Abaya Lake & Chamo
Lakes respectively. The fitted volume
curves for the two lakes are given by
equations 4.7 and 4.8 as:
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ke Capacry Cunve THEK
M

{km') Yalume

176,008
TT19.031 | 8302469

79031 | 1.
¥ 5.265095
115031 | 5HaT 12
7118, 7130650 |
719,031 | 9.586587
T110.031 | 219115
11003 _| 208418
03T | 1421380
715031 | 0.860812
119031 | 0631301
711901 | 0.158618
7719.001 | 0.035787
7119.00
T119.031

7273 Chumo Lake Capecity Carve Table

Tib
Posmive A Negitive A Toul A Waier Volume

Gy | ) (i’ (km
05547 | 26083(shaws 351187 | 3.2946
jsland Ared
3254760 | 136173 61187 | 29017
25,5526 35,1187 | 26415
31,7142 37.3793 ﬁ&ﬂﬁ 2.335

T0.ATT | 488050 360189 | 20911
335.1182 | 17524

(N

7

I

-

1

—"1

3

[

M Jaming | e04420
T 55,1182 | 14800
7]

-

5 __ |

10

T

[

m

I

:
L

i

i

|

i

7657132 | 134399
751,065 | BI.1E15 335.1182 | 1.209
336,181 | 0.9768

7358500 | 1032623

7186410 | 1208118 2351180 | 0.7493
1997751 | 1303780 335,181 | 0.5399
756627 | 1634903 336.1181 | 0.3518

195.1250 | 1994212 336,181 | 0.1804

93520 | 2997608 951184 | 0.0658

120087 | 3211149 3361187 | 0.0011
TiI5 00000 | 339.1530 351181 | 0.0000
Abaya Lake

V=-1E-05d%+0.0004d"-
0.003d*+0,0257d%1.0794d+5.357
Rl=1] - (4.7)

where d is depth of water inm,

measured from lake level 1169m

Chamo Lake
V=4E-06d%-0.00014d"*-

0.0011d*+0.0013d%0.3286d+3.2638

with R2=1 (4.8)

where d is depth below zero water
lake level, measured from lake level
1110m above sea level

(NB. Use of equation needs corrcctions)

- For completed list of fitted equa-
tions, see Appendix Table Al

5. Applications and Limitations

5.1 Application in Related Study
. One of the most important applica-
tions of the derived result is in water
balance model of the lakes. The water
balance model is important among oth
ers to assess the impact of wat’gr :
sources development on the lakes -
wm’ih: \xgler balanlce tlaquation can be
s tin"le on}nl‘cml.tmmty equation at
s » Which is governed by the
itions that the water volume is not
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Phy

The continuity equation in-
wns{?::.emed by conservation of mat-
::n \w%hich described by equilibrium be-
rween added water volume or depth,
Jost water volume or depth and change
in volume or depth as

Q,-Q,;P-E-$=0 (5.1)

Where
g.- surface and subsurface inflow
Q, = surface and subsurface outflow
P = Precipitation
E = Evaporation
§ = Change in storage

Parameters can also be similarly de-
fined in terms of depth of water.

The water balance is usually com-
puted for seasonal or annual means. In
ideal situation variables of the water
balance equation are computed sepa-
rately, and providing closed result. In
practice however, the computation
leads to a discrepancy or residual error,
and the equation can be rewritten as:

Q,-Q,tP-E-8 =0 (5.2)
Where represents the error terms

Account for the water balance

-Water inflow from rivers and
drainage areas along the whole perim-
eter

- Precipitation on the water surface

- Water out flow into a river or con-
trol structure

- Water losses through “vaporation
from water surfaces

- Peculiarities of in hydrology of
watersheds.

Study is undergoing to develop the
water balance models of the two lakes.
Other possible applications are men-
tioned in 2.1 above.

5.2 Limitations

The surveyed data and result are not
without limitations. The following are
the most important limitations and fur-
ther user should be aware of these limi-
tations.

The accuracy of echo sounder is
limited to 0.1m. The best equipment
available on market is not used for the
survey work, because of limitation of
cost,

Itis known that sound speed in wa-
ter varies depending factors like salin-

ity of the water, temperature of the lake
and etc. These factors and variations

water 3(1) April 2000
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are not taken in to account. The near
shore calibration values for the Abaya
lake gives sound speed of 1500m/s and
for Chamo lake 1550m/s. However, it
is possible that these values differ as
onc goes to the middle of the lakes
where there are deeper depths and hav-
ing temperature variations & stratifica-
tion,

In cases of waves in the lakes, and
during high speed of the boat there are
possibilities of turbulence and separa-
tions around the tip of the echo-
sounder sensor, which can cause error
in measurement. These factors have
prohibited the use of automatic data
transfer in to computer.

The GPS’s positional reading accu-
racy, is in the order of possible error of
10 to 15 meters. Indeed the accuracy is
more than sufficient for the intended
aim in this study. However, one has to
keep in mind this level of accuracy for
use in other applications, which may
demand higher accuracy.

xLatest available map, which has
be used as a background map, is ac-
cording to NMSA 1972, 1:50,000 and

1:250,000 scale maps. Other large-
scale background base maps are not
available for the study.

Table Al

6. Conclusion

Although the survey work has been
quite demanding and dangerous to be
tackled in wild lakes with no safety
measures, data have been collected
successfully. The surveyed data and
digitised base maps have been devel-
oped to digital data to create grids. The
digital data have been used to produce
various useful results of morphomeuic
parameters such as depth contours and
capacity curves, which enable the un-
derstanding of the two lakes water re-
sources. Results can be used for vari-
ous applications including the water
balance modelling of the two lakes and
water resources development impacts
on the lakes , which are currently un-
dergoing.
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Appendix

ALl Regression Equations Fitting the Computed Depth of Water Versus Area and Volume for Abaya Lake,

Polynomial Area km’ Volume km’
Degree
Equation R’ Equation R
Two y=-3.8543x"-20457x + 1070.4 | 0.988 |y =0.0404x"-1.2543x + 0.9985
2 9.5662 :
Three y=02541x"- 9.5725x" + 12.759x + y=0.0015x" + 0.0063x° - 0.9998
1035.7 0.9309 | 1.0564x + 9.3596
Four y=0.1021x"- 2.8098x + 19.389x" [ 0.997 |y=4E-05x"+0.0027°- - | 0.0998
- 76.971x + 1083.5 4 0.0053x’ - 1.0204x + 9.3404
Five . y = 0.015¢ - 0.4536x +4.5807x" - [ 0.999 | y=-1E-05x" + 0,0004x" - 0.9999
20,4975 - 1.0835x + 1062 5 ] 0.003x +0.0257¢ - 1,0794x
+9.357

Al2  Regression Equations Fitting the Computed Depth of Water Versus Area and Volume for Chamo Lake,

Polynomial | Ares km’ Volume km’
Degree
Equation R’ Equation R
Two y = -1.6562x"+ 3.4468x + 314.3 0.9862 [ y=0.009x"- 0.3639x + 3.3024 0.9992
Three y=-0.2189x+ 3.1122¢ - 23.293x + 341.05 0.9945 |y =0.0004x - 9E-08x"- 0.3133x + 0.9999
32518
Four y=-0.0020¢ +0.077x4 - 0.7629x" + 2.98532 | 0.999 | y=4E-05x -0.0008x + 00112~ |1
- 15.202x + 3M17 0.3465x + 3.2684
Five y=0.0029¢ + 0.077x" - 0.762%7+ 2.9853 - | 0999 [ y=4E-06x - 0.0000 + 0.0011x"+ |1
15.262x + 3417 ) 0.0013,¢ - 0.3286x + 3.2538
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Figure AS:  Abaya Lake Stacked Plots of Contour and Surface Maps

By

O/

Figure A6:  Chamo Lake Stacked Plots of Contour and Surface Maps
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LT
A Practical Approach to Upgrade the

Hydrometerological Networl in Ethigp;,

Abebe Belachew, Lecturer, Arbaminch Water Technology Institute, P.O.Box. 2} Arbaminey, Eup;
? ' Opia

The existing hydrometeorological network density of Ethiopia (about 832 n}etcorolo
stations) does not satisfy the WMO’s recommendations (2399-5428 meleo'rolo.glr‘:al fmd
tions). This problem is aggravated due to budgetary constraints and capacity limitations
ernmental organizations - The National Meteorological Services Agency
partment (HSD). In this regard a rigorous strategy based on the country’
proposed strategy for meteorological network is to establish
with observers from these centers. Incentiv
be processed and verified by regional NMS
mosques are (it and considered for station establishment, Ethiopia co
tional meteorological stations, respectively.
sion programs of the MOA could be utilized fo
could be conducted by senior students in en

tion. Principal recommendation con
sis.

1. Introduction

The principal purpose of a hydrom-
eteorological nerwork is 1o provide a
suitable data base for Areal (or spatial)
and temporal analysis. The problem of
obtaining estimates of Areal data overa
specified time period to a specified de-
gree of accuracy from a set of point ob-
servations is a familiar one 1o all of us,
The design of a specific network de-
pends on specific nerwork objectives,
scientific considerations, and monetary
constraints. Questions like for what
purposes are the data to be used? What
time scale is of principal interest? How
accurate are the point measurements?
How representative are they of the sur-
rounding terrain? What economic fac-
tors are involved? are the major con-
cem of hydrometcorological nerwork
design. In this paper a rigorous strat-
€gy is proposed which fully addresses
some of these questions by considering
Ethiopia’s actual socio-economic con.
ditions.

Background

Ethiopia, with a total geographical
area of 1.13 million (km)2, has a highly
rugged topography. According to
NMSA (1996), Ethiopia’s climate is
characterized by high rainfall variabil.
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ity. It is therefore essential to assess
rainfall with the associated weather
systems in sufficiently rigorous fashion
50 as 1o evaluate its influence on the
socioeconomic development activities
of the country. Moreover, rainfall is a
major component of climate which is
beneficial to everyday human activi-
ties.

The country is divided into the fol-
lowing four regions based on rainfall
types (Fig. 1): (i) Region B:
monomodal type I; (ii) Region D:
monomodal type 2; (iii) Region A: bi-
modal type 1; and (iv) Region C: bimo-
dal type 2. When the rainfall occurs in
one continuous period of time in a year,
this is termed as monomodal and when
this occurs in two discontinuous peri-
ods in a year, this is termed as bimodal,
Again, each of these are divided into
type I or 2, based on the time of occur-
rence of the continuous period(s) or by
the prominence of rainy periods, Even
though the climatic features of the
country are highly associated with the

rainfal] variability both in space and

time, other meteorological parameters
such as temperature, wind speed, hu-
midity, potential €vapotranspiration,
etc. are also important,

gical and 507 hydrg

Mmetr;
674-1796 hydrometric s:;(‘
of the two responsip)e go\:‘

(NMSA) and The Hydrologica) Studieg De
s socio-economic conditions jg Proposeq. Th;
stations in compounds of schools and churches or mosqye,
es being provided by the regional governments and the collecteqd data i
A branch offices. If 50% of the total number of schools and churcheg or
uld have more than about 5,000 and 8,000 agy;._
For hydrological network, personnel for the various agricultury) exten.
r supervision and/or observation. Establishment of observation Stationg
gineering and related sciences with incentives during their Summer vy,
cern integration of meteorological and hydrological network Planning anq analy.

The important weather systems thap
cause rainfall over Ethiopia are Sub
Tropical Jet (STJ), Inter Tropical Con-
vergence Zone (ITCZ), Red Sea Con-
vergence Zone (RSCZ), Tropical East-
erly Jet (TEJ) and the Somalia Jet. STJ,
ITCZ, RSCZ, TEJ and the Somalia Jer
cause rain in Region A: [TCZ along
with some of those which influence
Region A cause rain in Region B; the
ITCZ causes rain in Region C; and STJ
& RSCZ cause rain in Region D. How-
ever, in each of these regions the rain-
fall amount and its variability is quite
different over different parts. This is
mainly associated with the movement/
position of rain causing mechanisms
with reference to a given region in dif-
ferent seasons and orographic condi-
tions (NMSA, 1996).

According to Koppen’s climatic
classification with certain modifica-
tion, the country is divided into 11 cli-
matic zones (Fig. 2). They principally
come under dry climates, wopical rainy
climates and temperate rainy climates.
More precisely, they range from equa-
torial desert to hot and cool steppe, and
from tropical savanna and rain forests
10 warm temperate and cool highlands.
However, the temperate climates in

' many cases and not truly temperate but

they are high altitude zones only
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(NMSA, 1996).

There is a more commonly used lo-
cal classification of climate in Ethiopia
based solely on altitude and mean tem-
perature. The five climatic zones are:
(i) Wurch (alpine); (ii) Dega (temper-
ate); (iii) Weina Dega (temperate and
sub-tropical frost free zone); (iv) Kolla
(tropical and desert low lands), and (v)
Berha (desert) (Daniel, 1972).

The Wurch zone covers areas with
altiude greater than about 3300
meters, where mean daily air tempera-
ture rarely exceeds 100C, where there
is no cultivation practices, etc. The
Dega zone covers areas with altitude
from about 2300 to 3300 meters, where
heavy frost occur in the highest regions
of this zone even though many parts
have much lower temperatures with a
mean daily air temperature being in the
range of 100C 1o 150C. The Weina
Dega zone covers areas with altitude
from about 1500 to 2300 meters, where
mean daily air temperature being in the
range of 150C to 200C. Most of
Ethiopia’s population inhabited in this
and the Dega zones due 1o their pleas-
ant weather. The Kolla zone covers ar-
eas with altitude from about 500 to
1500 merers, where mean daily air tem-
perature being in the range of 200C to
250C. The Berha zone covers areas
with altitude less than about 500
meters, where mean daily air tempera-
tre being greater than 250C,

Ethiopia, with the discussed above
diversified climatic resources, is also
naturally endowed with. quite a sub-
stantial amount of water resources po-
tential in its 12 river basins. According
1o recent studies by Ministry Of Water
Resougces (MOWR, 1998), the total
annual surface water potential is esti-
mated to be more than 110 billion cubic
meter (Bm3) and the total annual
groundwater potential amounts in the
order of 2.6 Bm3. Moreover, the po-
tential land for irrigation is more than
3.5 million hectares with less than 3%
of potential being presently under irri-
gation. The potential annual hydro-
power production of the country on the
cther hand is estimated to be 161,000
Gega Watt Hour (GWH) with less than
1.5% of the potential being presently
produced. This makes Ethiopia the
second country with huge hydropower
potential in Africa next to Democratic
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Congo (former Zaire). Therefore itisa
paradox that the world knows about
Ethiopia by its recurring droughts
linked with famine rather than by its
vast natural resources. This impression
is however largely due to media im-
ages.

In fact the efforts made to utilize its
natural resouces for its socioeconomic
development is one of the least men-
tioned in the world. This is partly due
to poor information system; especially
regarding hydrometeorological data.
In this regard capacity limitations to
build a good operational hydrology
system is worth mentioning.

Scope

According to the definition adopted
by WMO (1983), operational hydrol-
ogy includes:

a)Measurement of basic hydrologi-
cal elements from networks of hydro-
logical and meteorological stations;
collection, transmission, processing,
storage, retrieval and publication of ba-
sic hydrological data;

b)hydrological forecasting;

c)methods, procedures and tech-
niques used in; (i) nerwork design; (ii)
instrumentation and methods of obser-
vation; (iii) data transmission and pro-
cessing.

The scope of this paper is therefore
concentrated on how to upgrade the ex-
isting hydrometeorological network of
Ethiopia from operational hydrology
point of view. Therefore the paper ad-
dresses practical ways of upgrading the
hydrometeorological network density
for the observation of the most impor-
tant basic hydrometeorological ele-
ments - precipitation (rainfall}) and
stage and/or discharge of stream flow
within short time frame economically.
However, other basic hydrometeoro-
logical elements such as temperature,
wind speed, humidity, sediment load
sampling, etc. can also be included
whenever their importance is detrimen-
tal.

This paper has been prepared based
on available literature survey and the
author’s experience of his country
(Ethiopia) and other African countries.
This paper will also create a discussion
forum among the decision maker and
professionals in the subject to criticize,

suggest, and outline further areas of re-
search.

2.Status of the Existing

Hydrometeorological Network

A hydrometeorological nerwork
should have a good spatial and tempo-
ral coverage in order to provide a reli-
able information for inventory, plan-
ning, design, construction and opera-
tion of Water Resources Development
(WRD) projects in the country. In prin-
ciple the network should be developed
on the basis of a nationwide plan which
considers long term objectives in addi-
tion to current and short term ones.
However, in Ethiopia the hydrometeo-
rological network has developed in an
empirical manner related to ongoing
data needs.

Network design in an operational
sense must take into account the exist-
ing network and try to adjust it so that
long-term objectives can be satisfied at
a minimum cost. In this paper attention
will be given on the acquisition of data
for local- and broad- scale planning
purposes.

The existing hydrometeorological
network is operated by the two govern-
mental agencies under MOWR: NMSA
for meteorological data and the HSD
for hydrological data. However, ac-
cording to the tradition of data acquisi-
tion strategy by these two agencies will
not enable the country to achieve the
desired hydrometeorological network
density within a short time frame eco-
nomically due to capacity limitations.

Hydrometeorological nerworks re-
quire an infrastructure (stations, mea-
surement and data transmission equip-
ment, repair and maintenance shops,
rating  laboratories, - transportation
means- plus the corresponding staff)
and a superstructure (for planning and
running the network, and for collect-
ing, checking and processing the data
and disseminating the resulting infor-
mation to the users). Therefore up-
grading the hydrometeorological net-
work by these responsible governmen-
tal agencies only is far reaching unless
a rigorous approach is followed.

Moreover, data collected on the
time and space variation of hydrom-
eteorological characteristics of an area
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may be cotegorized into three major
groups: historical dara, real time data
and special survey data.

Historical data
Historical data are collected to ob-
tain a space/time series of data on me-
teorological and hydrological elements
of the relevant arca from which the hy-
drological characteristics can be esli-
mated. The density of the stations is
primarily dictated for this group by the
variability of the clements (o be mea-
sured and the acceptable errors of esti-
mation at the ungauged locations,
Budgetary constraints often ov
these considerations.
historical data point
dromereorological ne
has been developed.
In Ethiopia, the mo
difficulty in the realm of operational
hydrology is the sheer lack of measure-
ment stations. Four major reasons are
responsible for this: (1) budgetary con-
straints, (ii) low level of know
the sociery and the decision m
the importance of hydromereor

data, (i1i) few skilled manpow
profession, and (iv

erride
Itis largely from
of view that hy-
twork of Ethiopia

St sipnificant

how of
aker on
ological
erin the
) problem of acces-
sibility due 1o the mountainous topog-
raphy of the country,

The WMO (1970)

in Ferguson
(1973) makes recomme;

dations with
r=spect o the density of rainfall and
flow measurement stations in moun-
tainous, fic1, arid regions of temperate,
Mediterranean and ropical  zones.
Table 1 shows the required hydrom-
eteorological stations for Ethiopid by
basin according to the WMO recom.
mendations. Fig. 3 presents the starus
of the existing stream gauging stations
in Ethiopia by basin. The total number
of meteorological stations in Ethiopia
are about 832 (WRC, 1987).

One of the peculiarities of meteoro-
logical stations in Ethiopia is their loca-
tion being limited in the towns and re-
lated sites. Accessibility is the major
reason in this consideration. Several
towns in Ethiopia were established by
former local govemors on fortified
places from military strategy point of
view. Therefore, the existing meteoro-
logical network of the countr}f la.c.ks
sound consideration of the variability
of the meteorological elements (mainly
rainfall) to be measured.
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Moreover, the existing hydrometric
slations for stream gauging are mostly
located at bridge sites due to problem
of accessibility cven though bridge
sites are not hydraulically very suitable
sites. On top of this the nature of the
streams in this countr
catchments in which (he Variations of
stream  {low g significant
smaller reach of e streams,
over, The practice of groundwa
scrvations based op network

principles is at an infany slage in
pia.

Y are mostly hilly

within
More-
ter ob-
design
Ethio-

Real time daq
Real time daig are transmitled ag
Y are recorded to dala-colleclion.
processing and dissemination centers

n order 10 monitor or forecast water-
related phenomeng for v

cal operational purposes,
real time data s require
countries in connection with forecast-
ing flood elements, However, use is
also made of regl time hydrological
data for the operation of Waler Re.
sources Development (WRD) projects.
However, real time data practice in
Ethiopia is not ade

limitations.

Real time data, when stored and
processed appropriately, also become
part of the historical data. In addition
they can provide early indications of
rare events taking place in the region
and allow more efficient use to be
made of the staff and equipment avail-
able to operate the historical data net.
work. The infrastructure for real time
data consists of gauging network sub-
systems and remote sensing subsystem.

the

arious practj-
The bulk of
d in tropica)

quate due 1o capacity

Special surveys

Special surveys are defined as sur-
veys for obtaining hydrometeorologi-
cal data which are conducted occasion-
ally or periodically in addition to the
regular network observations (e.g. sur-
vey of the minimum flow of ungauged
streams during a drought). As many
special surveys are not carried. out by
official meteorological and hydrologi-
cal organizations but frequently by en-
gineering consultants (river basin mas-
ter plan studies, planning WRD
projects, etc.). There is a need, parlic1{~
larly in Ethiopia to collect and coordi-
nate the information contained in re-

— Abebe
Belaﬂhe“’
POTIs on such specig) Surveyg

3.Proposeq Strategy 1, Upgrag
3

Meteorolngica[ Netwmk

In additjq
NMSA (o u

work, a rigoroys Strategy thy

N 10 effong made by
Parade the EXisting e,

Utakes
nomical, rel;
condition js Propos

Primary anq ju
used as one of the
orological st

ed.

nior schog|s can be
'promising Sites foy
10ns. Accorg:
1995/0¢6 cducationg| statistics b?m(.%c:
ral Statisticg Authority (CSA), there
are about 9704 Primary schopls and
304 junior schools in Ethiopia, If the
average (50%) of the total number of
these schoolg are fit and considered fo;
station estgh

lishment from hydrom.
eteorological characteristics and opera-
tional point of view, there could be

more than $,000 additional meteoro-
logical stations.

Instruments  sych a5 raingauges,
wind vanes, thermomerter cap be sup-

plied by NMSA preferably locally
manufactured jp metal workshops, Re-
gional governments and/or the respec-
tive development associalions b

etier be
responsible  for  daw acquisition
through the respective regional educa-

tion bureau. The school director can
assign staffs or students for observation
and supervise the data acquisition in
the station located in his/her school
compound. It is better if incentive is
provided 1o the data observers by the
respective  regional governments,
However, simple and standardized data
sheets should be prepared by NMSA
and distributed through the newly
opened regional NMSA branch offices.

Data observed by the individug}
schools will be wransmitted to regional
NMSA branch offices. The collected
data can be processed and verified
based on the data from the stations
which are already operated by NMSA.
Detailed year books will then be pub-
lished region-wise and summary year
books published at federal level. q

Data acquisition in the sctfools wi
have three major purposes: (i) for up-
grading meteorological network den-
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sity, (ii) serving as a practical demon-
stration center in the schools for stu-
dents learning science and geography
subjects, and (iii) for awareness cre-
ation on the importance of hydrom-
eteorological data for socio-cconomic
development by combating droughts
and desertification in Ethiopia. In fact
there were meteorclogical data acquisi-
tion practices in the schools in previous
times.

Other promising sites are religious
centers (churches and mosques). It is
known that in most pans of Ethiopia
every village has church and/or
mosque. Therefore advaniage can be
gained from this condition in upgrad-
ing the existing meteorological net-
work. According to the 1994 housing
& population census report by CSA,
more than 17,000 peasant association
are available in Ethiopia. Ifthe average
(50%) of the total number are fit and
considered for station establishment
from hydrometeorological characteris-
tics and operational point of view, there
could be more than 8,000 additional
meteorological stations. Observations
could be made by server of the
churches or mosques who are able 10
read and write with incentives provided
by the regional governments. The data
transmission, processing and verifica-
tion will be conducted in a similar man-
ner like thar discussed for schools.
Howeer, there will obviously be du-
plication of stations when schools and
religious centers are used jointly.
Therefore, further research is necessary
based on meteorological and opera-
tional characteristics of specific areas
to come up with the appropriate meteo-
rological network density.

If the above discussed strategy is
positively considered and justified by
further research, Ethiopia could not
only meet the WMO recommendations
for meteorological network density but
also will have a denser nerwork with
minimum cost and within a shorter pe-
riod of time. Some African countries
like Zimbabwe follow similar strate-
gies of data acquisition. For example,
Zimbabwe with a total geographical
area of 400,000 (km)2 has more than
1,100 metenrological stations which
are operated by the official meteoro-
logical agency, schools, religious cen-
ters, commercial farms, etc. (DOMS, 1981).
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The installation of instruments and
demonstration of observation readings
can be conducted by senior college stu-
dents in engineering and related scy
ences during their three maonths sum-
mer vacation with incentives provided
by the respective regional govern-
ments. All round assistance can be ob-
tained from international and local
NGOs, CBOs, and UN organizations.

4.Proposed Strategy to Upgrade

Hydrological Network

Effort made by the HSD of MOWR
Is satisfactory towards achieving the
WMO'’s recommendations for hydro-
metric network density.  However,
small-scale WRD projects also require
information about the hydrological
characteristics of smaller ungauged
streams. Therefore the target should
not only be in achieving the WMO rec-
ommendations in the case of stream
gauging.

Based on the country’s socio-eco-
nomic policy, the agricultural sector
has been given high priority. For this
purpose, skilled personnel are assigned
to several peasant associations in more
than 600 districts of the country for the
implementation of the various agricul-
wral extension programs by the Minis-
ry Of Agriculture (MQA). Stream
gauging stations can be established in
sites identified by river basin masier
plan studies or new sites which can be
selected by a hydrometeorological
team in the respective regional govern-
ments. A regular observer with incen-
tives can be supervised by the exten-
sion workers of the MOA. The data
acquisition and transmission can be
done through either MOA or MOWR
branch offices to the eight regional
branch offices of the HSD of MOWR.
Groundwater observation wells can be
established and the observation read-
ings can be handled by the personnel of
the various agricultural extension pro-
grams. In this regard use of existing
private hand dug shallow wells and ex-
isting deep wells is advantageous.

The same strategy like that dis-
cussed in the case of meteorological
network can be followed for the estab-
lishment of stream gauging stations.
However, since stream gauging sta-

tions require relatively more expensive
infrastrucrure, as much as possible
equipment and appurtenant structures
better be locally manufactured and
preferably be pre-fabricated materials,

5.Conclusion

Ethiopia's climate is characterized
by high rainfall variability. It is known
that rainfall is also affected by various
topographical factors such as orogra-
phy, continentality, topographic trend
distance, aspect, slope, etc. (Abebe and
Savenije, 1995). The effect of these to-
pographical factors on hydromerteoro-
logical elements is significant for
mountainous countries like Ethiopia.
This makes the hydrometeorological
network costly and operationally diffi-
cult,

The existing total number of meteo-
rological stations in Ethiopia which are
operated by NMSA of MOWR are
about 832. The corresponding WMO
recommendation is in the range of
2399-5428. To achieve the lower, av-
erage, and upper limits of this range,
NMSA should show considerable ef-
fort by increasing the existing number
of stations by nearly 3, 5, and 7 times
the existing number of stations, respec-
tively. In fact these targets are far
reaching if NMSA follows its tradition
of establishment of new stations. How-
ever, if the rigorous strategy proposed
in this paper is implemented, Ethiopia
can have more than about 5,000 and
8,000 additional stations in schools and
churches or mosques, respectively.
This will enable NMSA not only to
achieve the WMO norms with least
cost and shorter period of time but also
will create a good opportunity for its
staff to concentrate on data processing
and analysis and prepare handbooks,
year books, nomograms, empirical re-
lations between the various hydrom-
eteorological elements, etc. using the
collected data.

The total number of stations ac-
cording to the strategy proposed migh?
seem very much in excess of the WMO
recommendations. However, this
dense network will be operated for
about 5 1o 10 years and several stations-
can be abandoned after the hydrom-
eteorological characteristics of the
country are well understood by re-
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seﬂl;::;:’l:;lr“:t-emmve to upgrade the
meteorological network is by using re-
mote  sensing teclmiqtfes such as
ground radar and geostationary meteo-
rological satellite measurements. Sm.cc
1997/98 a joint USA-Japan satellite
mission on Tropical Rainfall Measgr-
ing Mission (TRMM) at Goddard Dis-
tributed  Active  Archive Center
(DAAC) is a break-through in the field
of remote sensing for rainfall measure.-
ment. However, for poor countries Jike
Ethiopia, the monetary constraint ang
capacity limitations will hamper the
larger scale use of this alternative,
Therefore, the proposed strategy is still
the most amractive alternative for
Ethiopia.
The existing total number of hydro-
metric stations in Ethiopia which are
operated by HSD of MOWR are about
507. The corresponding WMO recom.
mendation is in the range of 674-179¢,
To achieve the lower, average, and up-
per limits of this Tange, HSD shoulg
show considerable effi

ort by increasing
the existing number of stations by

nearly 1.5,2 5 and 3.5 times the exist-
ing number of stations, Iespectively,
However, if the rigorous strategy pro-
posed in this paper is implemented,
Ethiopia not only will achieve WMO’s
Tecommendations bu alsq will have a
denser neiwork whic
adequate

base syste

h will create ap
hydrometeorological data
m for planning, design, con-
struction and operation of small-, me-
Yium-, and large-scale WRD projects.
Moreover, staffs in HSD of MOWR
will concentrate not only on data acqui-
sition and processing but also on-the
preparation of handbooks, year books,
nomograms, empirical relations be-
tween the various hydrometeorological
elements, etc. using the collected data.
Principal recommendation concern
integration of meteorological and hy-
drolog‘lcal network planning and analy-
sis, increased emphasis on the use of
physiographic models, consistept ap-
plication of benefit-cost ana1y§1s and
the development of a classification sys-
tem for representative results. There-
fore, the hydrometeorological pchyork
design should follow a multi-critera
analysis.
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The Abaya Chamo Basin (ACB) Drainage
Parameters and Information System by

Linking GIS and Hydrologic Modelling
System

Seleshi B. Awulachew, and H.-B. Horlacher (Prof. Dr.-Ing.habil), TU Dresden, Germany

Abstract

Th? Abaya-Chamo Basin, which is the sub basin of Ethiopian Rift Valley Lakes Basin, has been modelled to derive
its basic drainage parameters, and as a result the basin watersheds physical information system has been developed.
The purpose of the derivation of basin characteristics is to serve as an input to further study and research which
enables the water resources investigation and its exploitation as well as environmental rehabilitation of the basin. The
study has been carried out by coupling ArcView GIS and Hydrologic Modelling Software System known as WMS.
Available digital data has been prepared to obtain Digital Elevation Model (DEM) and in turn the DEM enabled the

Digital Terrain Modelling of the basin. After identifying the stream flow gauging stations, they have been overlapped

ide the basin in to sub basins. The subdivisions in to sub-basins enabled identification of
gauged and ungauged sites and thereby

on the model to further subdiv

1.Introduction

With the advent of digital informa-
tion and advancement in computer and
software technology, today coupling
Geographic Information System (GIS)
and hydrologic models is possible, and
1s an ongoing effort of research and de-
velopment. The approach enables,pro-
fessionals in water resources field to
deal with complex modelling problems
of especially distributed nature in quite
efficient way in generating and han-
dling data.

The GIS is a highly sophisticated
data management system which can ef-
ficiently store, retrieve, manipulate,
and analyse data, Beven et. al. (1993).
The essential features of GIS approach
to hydrological modelling are that the
model uses remotely sensed data and a
Digital Elevation Model (DEM ) as the
principal input parameters, and that the
model interfaces with a GIS, which
provides the data management finc-
tion.

As the approach has got widespread
application in developed countries,
where suitable data in most forms are
available, the application in developing
countries, where there are limited data,
enables obtain or derive useful infor-
mation. - Use of GIS coupled with re-
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detailed physical parameters have been derived which can be used as an input
to various hydrologic and hydraulic modelling.

mote sensing technology for water re-
sources can supplement significant and
useful data. In this paper the Abaya-
Chamo Basin (ACB), which is a com-
plex basin from the point of view of
hydrologic modelling and from the
perspective of absence of dependable
data and existing study, has been mod-
elled coupling GIS, hydrologic model
systems and graphic software. Through
this effort the basin physical character-
istics, which can be a spring board for
further research in the accompanying
study of this paper and others useful
projects in future, are determined and
results have been produced as digital
information system and hard copies.
Full modelling of the entire basin as
distributed model is beyond the scope
of this study. However, from the analy-
sis of DEM and through Digital Terrain
Modelling (DTM) in WMS and
ArcView software useful parameters
for basin and watersheds
characterisation have been derived.
The methodologies and results gener-
ated are discussed further in this paper.

2.The Abaya-Chamo Basin

2.1General
The Abaya-Chamo sub-basin, here
in after regarded as a “basin”, is a sub-
basin of the Ethiopian rift valley basin,

whose location on Ethiopian map is
shown in Figure 2.1.
2.2 Conceptual Set-up of the Study
Basin

The Abaya and Chamo Lakes and
the Chew Bahir Lake, further South at
the Kenyan border, are hydrologicaly
interconnected with surface flow. Ac-
cordingly the conceptual set-up of the
lakes drainage system, as depicted
from analysis of digital data to be dis-

Rift Valley Lakes Basin

Fig 2.1 Location of Abaya-Chamo Basin
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Bilate

Gidabo

Ze Gelana
Basin Outlet
Fig.2.2 Schematic Representation of
ACB on surface flow interconnection,

red mark is basin outlet

cussed in the following sections, pro-
duces the following schematic form of
the ACB.

The drainage outlet is captured at
outlet point of Chamo Lake, and the
Figure shows clearly the drainage sys-
tem and inter-linkage of various rivers.
While the above shows conceptual set-
up of the basin system detail investiga-
tion based on DEM and DTM coupled
with GIS and WMS hydrologic model
will be given below.,

3.The Use of GIS and
Hydrologic Modelling for

Drainage Analysis

3.1General

Account of spatial variability of
catchment characteristics and use of
distributed models for rainfall-runoff
models as well as Digital Terrain Mod-
elling (DTM) is not new in hydrology.
R.S. Drayton et al. in Beven (1993) dis-
cuss the earlier applications which
dates back to the 1960s. Use of re-
motely sensed (satellite) data to inter-
pret stream flow according to e.g.
Blancard dates back to 1975.

What is different now is that the era
of Geographic Information System
(GIS) Beven(1993). Specifically cou-
pling GIS with hydrologic/hydraulic
models is gaining importance and is a
paramount *zol. The use of DTM in
hydrology has been reported by Moore
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et al. (1987), whereas Vieux et al.
(1988) linked a terrain model with a
hydrological model and applied the
FEM to an actual watershed in Ne-
braska using 2-D elements, see Beven.
Neumann and Schultz (1989) outlined
the general approach to the use of GISs
in Hydrology, see Drayton in Beven
et.al (1993). Although GIS has been an
excellent tool for data storage and man-
agement, and with the creation of
GRID in Arc/Info and the Spatial Ana-
lystin ArcView, as a useful tool for hy-
drologic data development, yet much
of these data, both stored and devel-
oped in the GIS remains “locked” to
hydrologic modellers Maidment (1997).
In this study modified interactive
methodology will be shown how to
“unlock” GIS data and use it for drain-
age analysis and through which impor-
tant basin hydrological parameters are
investigated and derived. This possibil-
ity and investigation will be carried out
by coupling ArcView GIS and hydro-
logic modelling software known as
Watershed Modelling System (WMS).
WMS is a comprehensive environment
for hydrologic Analysis. It was devel-
oped by the Engineering Computer
Graphics Laboratory (ECGL) of
Brigham Young University in Co-op-
eration with the U.S. Army Corps of
Engineers Waterways Experiment Sta-
tion (WES), Boss International and et.
Al (1998). The focus of WMS is to pro-
vide a single application, which inte-
grates D'TM with industry standard run-
off models such as HEC-1 and TR-20.

ArcView pgives the power to
visualise, explore, query and analyse
data geographically, ESRI (1996).
ArcView is made by Environmental
Systems Research Institute (ESRI),

In this study ArcView with its ex-
tension of Spatial Analyst, 3D-Analyst,
Hydrologic Modelling v1.1 and WMS
has been employed to analyse the digi-
tal data and drainage analysis.

3.2 Coupling WMS and ArcView
Software

While in ArcView Hydrologic
Modelling v1.1 enables analysis and
modelling of the watershed for drain-
age parameters, the extension of WMS
with Hydrologic Modelling v1.0 which
has been developed by joint effort of

Seleshi B. Awulachew, g HB. oy
=D, fache,

ESRI and ECGL of Brj h

Univqrsity enableg theg“;il. Oupy
ArcView drainage data 1o g h,
ware and vice-versg. The ; Sof.

made through three shapefeg Kol
of: arc layer defining strea . :
layer defining basin oyl and' : oy
gon layer defining Wwatershed andpoly.
basin boundaries. Furthermoe Ws]:b
if suitable DEM data availab‘Je i
carry-out drainage analysis by j;:aln
through its integrated TOPAZ sulr
module. In this study the €xtensjop D%
WMS Hydrologic Modelling v] g hag
been obtained from the ECGL, g
DEM preparation as well as DTy and
drainage analysis has been camieg oy,
interactively.

4.Manual Basin Delineation

Generation of Digital Line Graph

4.1 Manual Basin Delineation

As there was no relevant maps, the
ACB basin has been manually delin-
eated from-1:250,000 scale maps and
sub basins have been identified. For se-
lected watersheds, Kulfo and Hare a
1:50,000 scale maps have been delin-
eated (not presented in the paper). The
delineation is based on EMA, 1972
maps. The delineated basin has been
traced to produce manual hard copy of
the basin.

4.2 Digital Line Graph (DLG) of the
- ACB River Network and Basin
System.

After preparing the manual identifi-
cation of the basin, the digital line
graph of the basin has been developed
in- WMS software from scanned maps
feature points of the 1:250,000 scale
map of EMA. The steps include delin-
eation of features, scanning, geo-cod-
ing, creating features, building at-
tributes and computation of parameters

Using the above mentioned method
Figure 2.1 Ethiopian drainage map, lo-
cation of RVLB and ACB have been
produced. These Figures have been
also used as input to ArcView to enable
map editions. However, the result ob-
tained in this way has no digital infor-
mation regarding topography and is not
suited to various drainage data genera-
tion, hydrological parameters compu-
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\ations and analysis. It pruduces‘ o.n'ly
basin areas. Furthermore, as the initial
delineation is made manually, results
are subject to subjecti\_ie errors espe-
cially in identifying drainage divides.

Thus after having understood the
general set-up of the whole basin sys-
rem and its basic information using the
above method, the study further con-
centrated in generating more detailed
information  system by coupling
AutoCAD, Arc/View GIS and WMS
software.

5.Digital Terrain Modelling to
Delineate Abaya-Chamo Basin

Physical Characteristics

Digital terrain Models (DTMs) can
be defined as ordered arrays of num-
bers that represent the spatial distribu-
tion of terrain attributes, 1.D. Moore et
al, (1991). The procedure followed to
generate DTM for the ACB starts from
creating the DEM. In addition to the
DLG form of the basin discussed
above, the DTM enabled the derivation
of comprehensive geometric attributes
and required watersheds. However, the
presence of the Abaya and Chamo-
Lakes made the terrain-modelling task
quite complex and difficult. Methods
and procedures have been developed in
this study to overcome these problems,
and are discussed below

5.1Digital Elevation Model

A Digital Elevation Model (DEM)
is an ordered array of numbers that rep-
resents the spatial distribution of eleva-
tions above some arbitrary datum in a
landscape, and is a subset of DTM,
DEM may consists of elevations
sampled at discrete points or the aver-
age elevations over a specified seg-
ments of landscape, Moore (1991),
. Generally DEMs can be structured
In three principal ways. These are: Tri-
angular Irregular Networks (TINs),
yvhich are represented by planes join-
ing three adjacent points in the network
whose xy and - co-ordinates are
known. Grid based networks which
are represented by regularly spaced tri-
angular, square, or rectangular grid ora
ngUIa.r angular grid. Data can be stored
In variety of ways, the most efficient s

water 3(1) Rpril 2000
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as z co-ordinates corresponding to se-
quential points along the profile with a
starting point and grid spacing also
specified. Contour-based networks
consists of digitised contour line stored
as Digital Line Graphs (DLGs) in the
form of x,y co-ordinate pairs along
each contour of specified elevation.
Detail discussions on DEMs can be
found in various GIS literature,

5.2 Grid Interpolation

As discussed by Moore et. al in
Beven (1993), the topographic at-
tributes of a landscape can be calcu-
lated directly from the DEM using only
the point values without the assistance
of surface fitting smoothing operation
or the assumption of continuity. How-
ever, this approach has limited useful-
ness, is restricted to grid based DEM,
and doesn’t produce physically realis-
tic result particularly in the calculation
of flow direction in flat areas.

Thus, estimating topographic at-
tributes involves fitting a surface to the
point elevation data using either linear
or non linear interpolation. A wide va-
riety of methods are available to fit sur-
face to the point elevation data such as
linear, inverse distance weighted,
spline, krigging, finite difference meth-
ods and etc., and commercial software
are available for the purpose.

According to the discussions given
in Beven (1993), if a surface defined by
the function F(x,y,z) is fitted to the
DEM, then a number of hydrologically
important topographic attributes can be
derived from these functions at the
point (x0, y0, z0). Consider determina-
tion of aspect and slope from the func-
tion F(x,y,z) using geometry. (For sited
names in 5.2 refer Beven (1993))

The fitted surface: The equation of the
tangent palne to the point (x0, y0, z0) is

oF oF oF
(r-ro)+~{ (J"‘Yo)"" (2-2,)=0
EI o, " al, 2
oF, oF| oF
Let a= b =-| id =—‘
E'lu‘ ay I & Iely

The equation of the plane tangent at the
point (x,, y,, 2,) is

32

a(x-x) *b(y-y) +d(zz)=0 33

g“_b +Z+==0
d’ g

34
Where
C=-ax, -bx, -dz, = Constant

The partial derivatives defined by

equation 3.2 may be estimated directly
from the analytical form of F(x,y,z) or,
if the DEM uses a square grid, as finite
differences.
The maximum slope angle, 8, is de-
fined as the intersecting angle of the
plane with horizontal plane(i.e. z = 0)
and is given by

cosﬁ=l d Ior Ianﬁ=| a’;b’

Na’+b’+d'l

35

Aspectis orthogonal to (Xg Yor 2,) in the
horizontal plane (i.e. with z=z0= con-
stant), Simplifying 3.1 to 3.4 with z =
z,, the equation tangent to (% Yo 2,) In '
the horizontal plane is

c

= ——X—-——

b b

where ¢ = -ax, - by, = constant

36

This is equation of a line with slope
-a/b; so the slope of its orthogonal is
b/a. Therefore, the aspect, Yy , mea-

sured in degrees clockwise from north
is

voio-w(Z)esfg]

whenx is positive east and y is positive
north,

5.2.1 Triangulated Irregular
Network

If the landscape is divided, accord-
ing to Tajchman, in to TIN's and surface
of each triangular segment or patch by
a plane passing through P (x.y,2)
P(X, iy i), P, (x, Y, » 2,), the equa-
tion of the plane is z = Ax + By + C,
where the constants A,B,C are deter-
mined by simultaneous solution of the
equation at the three points. Following
3.1t0 3.7 above, the slope P and aspect
xVare givenby -

p=tan” (4> + B2, 38

4 B A
w =180 —tan l(7)+90[|7J 3'9

where y is positive north and x is
ositive east. ‘And the area of the trian-

8!
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Create TIN in WMS
edit & export to
ArcView or continue
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[S=1RV,1 &-\:\

@, plan
curvature, (o, and curvature, X, which E
A Carryout Drainage Analysis is the Laplacian V2 of the function de. i
In ArcView with Spatial Analyst, in WMS from DEM or TIN fini h i - 1
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:nalys:'s ﬁ = tal’l l((;2 + Hl)fll 3.12 l
Continue hydrologic
Modelling in WMS from
DEM automatically ¥ =180~ lan_'(f-)+ 90(2}
GJ) " \ld 113
Fig.5.1 Flow Chart adopted for DEM development for ACB in absence of _ DG’ + EH? + FGH )
sufficent and relevant datq £ t G4 H? 3.14
gular segment in the horizontal plane is

given by

Ah=+0.5(x‘yz+xzyl+x

zyl'x|y3'xzy e
X,¥,)

3.10

Because the surface is assumed to
‘be planar the method doesn’t provide
point estimates of slope or aspect but
average values over each triangular el-
ements. It can’t also calculate topo-
graphic attributes such as profile and
plan curvature because the second de-
rivatives of the surface functions do not
exist. More complex techniques that
use piece-wise continues curved

patches, such as those described by

Bmabhill and Boehm , do have these ca-
pabilities.

a)DLG (Feature Points)for stream and outlets

72

5.2.2 Regular Grid Networks

Evans fitted five-term quadratic
polynomial to the interior grid point of
a moving 3x3 square grid network.
Herdegen and Beran used the same
scheme to calculate a variety of distrib-
uted catchment topographic attributes
including slope, aspect and plan, and
profile curvature. Zevenbergen and
Thome modified this method by fitting

the following quadratic polynomial to
this moving grid.

Z=Ax2yl+Bx3y+cxy2+Dx1+Ey1+ny+Gx+
Hy+I 311

The 9-term polynomial exactly fits
all 9 points in the 3x3 moving grid,

b)DE ’irh conto:rs
Fig.5.3 Drainage Analysis and network of ACB

w=2DH* +EG* + FGH
age—_ = U +0K
G’ + H? 3.15

A':CZ)"(D=2E+2D 3.16

The plan area in the horizontal
plane is characterised by each node or
grid-point is Ah =X2. Jensen and
Dominigue describe a computationally
efficient algorithm for estimatne flow
directions and hence catchment a g
and drainage path lengths for each
node in a regular grid DEM based on
the concept of a depressionless DEM.
They assume that water flows from a
given node to one of eight possible
neighbouring nodes, based on the di-
rection of steepest descent. Morre and
Nieber combined this algorithm with
Zevenbergen and Thome'’s approach to
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Total Area in Km

I

Sub-Dasin

L N Faya Drinage Area Excluding Lake Area 1521962
L Lake Area Tncluding Islands 11089
Chamo Drinage Area Excluding Lake Area and Abaya Contribution | 1942.65
Chamo Lake 328.63
18599.8

Total :
6.1 Summary ACB Drainage Arca

Table

Summary of Abaya and Chamo Lakes Drinage Basin

5 No. [ID Basin/Subbasin [Drinage Area km*2 Remark
e Abaya Basin 1632851
1T | 35,4129 |Bilale 5756.88]Because of Boyo Swamp Subdivided in lo 3
I gl 40 AVt 156,95
L1342 Gidabo 3446.62
G . AV2 2086
15 39 AV3 47.76
16 7 AV4 97.06
17 |36 Gelana 3463.26
1.8 33 AV5 B2
1.9 3 AV6 24.55
1.10 31 AVT 67.06
1.11 30 AV 58.13
1.12 2 AV§ 7
1.12 15 AV10 39.78
113 |8 Hare 183.29
1.14 17 AV11 54.14
115 |14 Basso 180.57
1.16 25 AV12 120.64
117 |18 Lo'e 161.93
1.18 28 AV13 59.5
119 (27 Baredo 71.93
1.2 26 AV14 60.1
121)24 Irae 105.38
1.22|123,32 |Amesa 751.27|Amessa with Southem AV and AV from
Bilale Side
123 Gudicho island 19.22|ID is not shown
1.24 Algae Island 394/ID is not shown
1125 |22 Abaya Lake 1085.74|(1108.9-Algae & Gudicho)
12 i Chamo Basin (16328.52)+2271.28
21 (3,20,106 |Kulfo 492.25
22 16 AV15 57.19
23 19 AV16 56.10
24 |13 Doyasso 140.89
25 108 AV17 56.58
26 109 AV18 533
! 27 107 AV19 6.82
128 |95 Okkotte Wezeka 225.34
299 AV20 45
210 |2 Arguba Wezeka 151.41
211 5 AV21 4762
212 |96 Wezeka 66.01
213 100 AV22 9.04
214 1 Sego 277.16
2.15 7 AV23 61.12
216 |4 Sile 237.05
2170 1112 AV24 16.89
218 10 AV25 2075
219 (103 Chamo Lake "328.63
3 Total 18599.8

Table 6.2 Detailed drainage area size of ACB. Refer the map for naming and detail.

6.3 Bilate Sub-Basin

Drainage data created by WS

irnm the file (Bsubs.map)
_B,'E;l:_eiﬂlﬂ:f;covemge [default coverage] ‘

Name/ID 5 Basin Centrodi | Max Max . Baisn Basin Basin

() Slope to MFD | Stream | Stream Length | perimeter | Average
{(m/m) | (lam) Length | Slope (km) (km) ;-:Ie)vation
(km m/m) m,

%_&60.20 0.0401 5 64).75 ( 00324 56795 | 27747 |__ 15549
-:I,ws_*__ZJSG.'.'O 0.0350 0.05 $7.00 0.0103 | 65.8070 | 322.B400 1832.8000 |
Ton— ] T 0.0670 o T2038 00245 | 17.3980 | 58.6830 | 2507-9000 |
M3 | 0.0367 a7 33700215 | 20.8690 | _ 76,1320 | 2503.1000
EET——aa28 | 00647 515536 | 0.0217 | 54,6050 | 205.1600 | 2642.8000 |

Toul g0 | _C0417 7838055 | 0.0009 | 57.5940 | 249.0700 | 2063.7000
——— | 5709.88 |

Water 3(1) April 2000

estimate a wide variety of hydrologi-
cally significant topographic attributes.

5.2.3 Contour Based Networks

Moore etal. (1988a), Moore (1988),
and Moore and Grayson (1989, 1990),
see Beven (1993) have developed a
methed of computing contour-based
networks for topographic analysis.
Their scheme is called TAPE-C and
computes the average slope of each ele-
ment as

K (Lu +Lzl)
F=3"4
h : 317

Where, K is the contour interval, L,,
and Ld are widths of the element along
the up slope and down slope contours
respectively, and Ah is the area of the
element in the horizontal plane. As-
pect, y, is calculated at the midpoint of
the lower contour segment of each ele-
ment as the down slope direction or-
thogonal to the contour at that point.
Al is calculated using trapezqidal nu-
merical integration.

The above discussion provides
demonstration how various drainage
parameters can be computed. Such
methodologies build up the basis of
various computations procedures inte
grated in various softwares. Itis notthe
intent of this study to focus any further
on various interpolation schemes rather
1o utilise the available software to de-
rive useful parameters for the basin un-
der investigation.

5.3 Digital Elevation Data Sources
for ACB and Generation of DEM

5.3.1Source of Digital Data for ACB _

Digital elevation data can be pro-
duced from various information. From
processing aerial photos, satellite im-
agery or by digitising topographic
maps. The idea of using combination
the AutoCAD, WMS and ArcView
software mentioned above, is em-
ployed to make the most use of the
available digital data obtained during
data collection from Woody Biomass ,
Ethiopia, which was in vector (DXF)
format of topographic contours. This
data is the only obtainable high resolu-
tion digital data suited for the basin un-
der investigation.

13
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6.4 Gidabo Sub-Basin allel Hydro analysis for comparjsop
| . purposes. The initial developmen, of
] Drainage dawa created by WMS TIN points in WMS ha.s an advantage

Basin Area Basin Centrodi | Max Max Baisn Bu.m Basin i st Thosmeedl] elevatxon pOints 6
medm (km?) Slope to MFD | Stream | Stream Length perimeter Avernge : ; Tom
(m/m) | (km) Length S:’pe) (km) (km) mvmon all features, points, lines and polygons
m W ;
TR 2504.70 | 0617 737 0;;)320 ( L)l 630930 | 432.3900 | 1792.700 to be equned as po.mtl values, whicp
7872 593.94 | 0.0682 003 [ 3879 | 0.0208 311‘,}790 lglzggg ;:Eg:ggg otherwise is not possible to combine jp,
108, 0.067 843 | 1394 | 00143 | 34.4070 ; . i ; : :
::I::i zﬁ.g 0.1368 302 | 2217 [ 0.0457 | 219210 91,7440 | 2180.4000 ArcView. In ArcView with Spatia]
Total 3471.00

Analyst, the imported TIN data has
: been interpolated to produce Surface

6.5 Gelana Sub-Basin and Surfaca to GRH?, with the aboye
mentioned interpolation schemes, The
Drainage data created by WMS " GRID form is thus DEM, from which
Basin Area Basin | Centrodi | Max Max Baisn asin Peri- | Basin ;
Name/ID | (km?) Slope | toMFD | Sweam | Stream | Length | meter (km) Average St carryouF further analysis for
: " | ) | Gm) | Leagth | Slope | am) Elevation various applications. The produced
Gam) | (mm) (m) is exported to WMS for y
T 180050 | 00932 | 199 | 9902 [ 00182 | ¥77.680 | 3573800 | 15973500 GRID data is exp e
* 1B/ 1033.40 | 0.0802 1.00 70.86 0.0156 | 347.220 233.7500 1772.8000 Append)(
4B/4 320.27 | 0.1052 1297 34.96 0.0060 [ 379.320 129,7800 | 19822 i
STB/S 25).18 | 0.1369 5.10 19.65 0.0429 | 200.280 105.6700 | 2289.3000 m\ﬂ G.Id |nArCVi9N A
otal 340735
D-?‘t;'
: 7
o
6.6 West and South western Area of ACB including Lakes & their Peripheries ﬁ_g
=022
2. X
Drainage data created by WMS BE
Basin Area Basin Centrodi | Max Max Bausn Basin Basin
Name/ID | (k) Slope to MFD | Sweam | Stream Length perimeter | Average
{m/m) (km) Length | Slope (km) (km) Elevation
i (km) (m/m) (m)
; 138 23598 | 0.1759 0.00 | 3371 ] 00397 [ 284070 | 98.4550 1 19785000
i T8 313 | 0.181¢ 0.83 165 | -0.0183 20839 [ 10,0790 | 1310.3000
128 39478 | 02253 061 " 382 [ 00436 | 340720 | 1234800 | 22538000
i 188 7245 | 00848 084 | 14551 GO3I6B | 140280 [ 2193100 | 134532000
| )] 44313 | 00511 143 1 302171 00231 | 437240 | 3027700 | 16471000
; 5B 10532 | 0.1402 055 [ 1875 | 00552 | 176450 | 1154000 | 18303000
| B T7.80 | 0.1216 149 | T026 | 00465 | 111040 | 98,5510 T 1509.50
7B 165.28 | 0.1805 A38 T 29572 100548 | 27.0850 | 962940 | 21089000
B 18309 | 01552 VB | 34501 00655 | 232980 | 130.9200 | 22331000
3B 918 0.1861 460 T 3215 | 00578 | 28.0220 | 93.4390 [ 23233000
158 14895 | 0.1048 4051 1903 | 0B435 | 18.9800 | B6.6080 | 1622.3600"]
3B 276.25 | 01193 0221 3170 | 00180 | 24,7390 | 1550300 | 15395000
i 748 0.68 | -0.0000 0.07 345 | -0.0000 1.8554 | 162.7800 | 1108.2000 00 5 Kiartas
| 138 6219 | 0.0836 0.00 | 123771000333 | 10,0380 | 386700 | 1345000 e
‘ piz) 8381 | 00990 [RE] 069 | -0.0005 | T14.0150 [ 76,7810 | 13639000 : .
‘ 348 0.70 | 0.6000 0091 33T 0000 | amn| s Tsoooo [ € 3.1 @) DEM Grid, (Legend shows
68 227.00 | 0.0893 085 T 3041 [ 00173 | 20.6830 | 1316200 1358.4000 elevation class in meters)
178 19233 | 00860 202 | 2807 00236 | 23.6240 | 1814300 | 14953000
388 072 | 0.0003 0.0 3.61 | 0.0001 3.3204 | 8010060 | 1178.5000 ]
1B - 5625 | 0.1195 199 |~ 1645 10,0533 | 148530 | 973950 1508.5000
I 108 7191 | 0.0983 280 [ T234 00482 | 13.1200 | 316360 1403.1000 HilhedViawol ACE
9B . 979 | 0.0883 333 395 | 0.0000 74518 8.4468 | 1338.8000 | N
378 0.68 | 00000 0.04 3.35 | 0.0000 32206 | 33.0210 | 1108.0000 1 A
208 482 | 0.167% 065 7.10 | 0.0830 73193 71,8600 | 1537.6000
| 228 2520 | 0.0863 3.29 99T | 0.0802 94607 | 64.9830 | 1439.9000
36B 0.00 0.0000 .00 0.00 | 0.0000 0.0000 0.0000 0.0000 |
B 045 | -0.0003 .02 237 [ 00008 2.1840 2988200 | 11693000
+ Avi

5.3.2 Analysis of Elevation Data

As the DXF is imported to the PC
version of WMS, limitation of memory
and running time didn’t allow the use

(vector) format has been red into WMS
and corresponding scalar TIN data has
been generated, The produced TIN
data has been investigated on accuracy
of DXF data conversion directly tocre-  and significant edition and improve-
ate digital elevation data in GRID or ment of the quality of data have been
TIN formats and further drainage  made, Having obtained TIN feature
analysis. The DXF format data is then  points, x, ¥ in UTM co-ordinate and el-
imported in AutoCAD software and  evation values as z co-ordinate, the
extra points of the DXF data has been data has been exported to Arc/View
cut (tn'mmad off). Having the most rel- GIS for grid formation advantageously el Momin

evant portion of the data, the DXF in efficient way than in WMS and par- Fig.5.2 b) Hillshed View
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in automatic drainage analysis or for
use as background elevation data 10
couple with digital line graphs.

The procedures followed to pro-
duce the DEM can be presented in the
following schematic diagram, which
also shows various possibilities of in-
teraction and independent computa-
tions possible in ArcView and WMS in
drainage analysis.

5.4 Drainage Analysis

Having obtained the DEM for the
required study area, the procedures
considered in the terrain modelling to
generate physical data information sys-
tem can be summarised as in the fol-
lowing three different approaches.

5.4.1Drainage Analysis from DEM
or TIN Data
5.4.2Combined Drainage Analysis
from Feature Point and DEM
5.4.3Combined Drainage Analysis
from Feature Points and TIN

From the above methods, method
5.4.2 has been employed in the ACB
terrain analysis and the result is pre-
sented in following Figures

6.Basin Hydrological

b Parameters

6.1General Basin Summary
As a result of the above analysis the
total area of ACB including the lakes
and their islands is 18,599.8Km2.
Summaries are provided in Tables 6.1
& 6.2.

6.2 Sub-basins Remodelling

After defining the whole ACB in its
holistic form as in above, the major
sub-basins have been recaptured for
detailed analysis and hydrological pa-
rameter computations, which are vital
for further hydrological analysis re-
lated to this study. The computations
have been carried out on major river
and collective small rivers basis.

The subdivision of the sub-basin
for hydrological parameter computa-
tion includes

1. Bilate Sub-basin

2. Gidabo Sub-basin

3. Gelana Sub-basin

4. ACB West and South West
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Area Sub-basin .

Furthermore, the remaining drain-
ageareaie. the two Lakes body is thor-
oughly investigated based on bathym-
etry survey carried out in related study.
The Kulfo catchment has been re-mod-
elled using 1:50,000 based DEM. Re-
sults are not presented in this paper.

In addition after subdividing ACB,
in to a total of 6 sub-basins, the 4 land
drainage areas have been characterised
independently. In the characterisation
of the land areas the undertaking in-
volves creating new grids for the DEM,
generating new TOPAZ flow data, cre-
ating watersheds and constituting pa-
rameters by considering the gauging
stations which helps identifying the
sizes of gauged and ungauged areas.
After generating the drainage param-
eters certain characteristic values have
been summarised in Tables below in
sections 6.3 to 6.6. However, in WMS
extensive parameters for basin, stream,
and outlets are automatically saved in
database files and this parameter values
can be easily retrieved.

The figures of newly generated
sub-basins have been attached in the
Appendices, in Figure 6.1 to 6.4.

7.Conclusion

The wider objective of related to
this paper is to comprehensively study
the water resources and its potential in
the basin and there by to enable the ex-
ploitation of the resources in a sustain-
able manner and enhance socio-eco-
nomic development of the region.
What has been presented in this paper
is the primary investigation regarding
the drainage basin and in summary the
following results have been achieved:

-Digital data of topographic eleva-
tion as well as DLG of ACB have been
prepared.

-Based on these data the ACB
drainage physical parameters have
been generated.

-Having located the gauge locations
in the basin, gauged and ungauged sub-
basins have been identified and their
parameters have been computed.

-In addition bathymetry of the lake
water body has been also surveyed to
enable complete physiographic under-
standing of the basin

-The derived drainage parameters

___ Seleshi B. Awulachew, and H.-B. Horlach,,

are currently under use 10 i“"“ligal
the water resources potential of the baL:
sin

-Coupling GIS and hydrologj
models provided a robust approach in
handling data needed in developing hy.
drologiciand hydraulic models. ’

-The basic information system de.
veloped can be further extended to ip.
clude other parameters like land use,
soil, socio-economic data and cic.
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Abstract

One basic prerequisite for sustainable water resources development is the knowledge of hydrologic properties.

These can be derived from geographic data and from results of computations with hydrologic models.More and more

data availability and data quality is improving, hardware performance is increasing and software is becoming more
powerful. Due to the advancements in information technology (I

being adapted continuously in the water sector. One of these tec

thus for water resources development in Ethiopia. Two example
applications in hydrology and water resources development,

1. Introduction

In the last two decades information
technology has evolved rapidly and in
parallel the costs for hardware and soft-
ware are decreasing. The water sector
and other related disciplines have ben-
efited from these developments in the
past and it is very likely, that this
progress will continue at a comparable
pace.

Until the beginning of the 1990ies
the usage of geographic information
systems (GIS) for water resources de-
velopment was limited to a small group
of researchers. At present GIS is a fast
growing technology due to the techno-
logical advancements in the software
and especially in the hardware indus-
try. This is boosted by the increasing
demand for and supply of geographic
information. In other words GIS-tech-
nology has become more and more ac-
ceptable and affordable.

This also applies to the water sec-
tor. GIS-based applications and meth-
ods for hydrology and related topics
are being developed world wide. Fur-
thermore because of the fast growing
internet €veryone can have access to
these tools and to geographic informa-
tion easily.

Can the water. sector in Ethiopia
profit from this development? If yes

What are the prerequisites and how can -

the benefits be achieved? In view of
these questions this paper gives a brief
Overview on GIS:

L.An eXplanation on basic features
definitions of GIS is given.

- ‘The significance of GIS for water
Ources development with emphasis

and
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k

on hydrologic modeling is discussed.

3.Examples are used to demon-
Strate scope and limitation of GIS-
pased methods in hydrologic model-
ing.

Today know-how evolves rapidly,
especially know-how related to infor-
mation technology (IT). Therefore the
aspect of human resources develop-
ment has to be considered when GIS is
introduced and implemented.

2. What is a GIS?

A GIS is designed to efficiently
capture, store, update, manipulate, ana-
lyze and display all forms of geo-
graphically referenced information.

2.1 Components of GIS

Referring to the name itself GIS can
be viewed as follows:

1.Geographic: The system deals
with data relating to geography and
geographic scales of measurement.
This is referenced by some coordinate
system to locations on the surface of
the earth.

2.Information: The system allows
for the storage and extraction of spe-
cific meaningful attribute information.
This data is connected to some geogra-
phy, and is organized around a model
of a.real world. Spatial and non-spatial
queries are possible.

3.System: An automated system in-
cludes an integrated set of procedures
for the input, storage, manipulation and
output of geographic information.

The most useful definition of geo-
graphic information systems describes

a GIS as a five-component-model: A

GIS is an organized collection of the
following components:

S are used to demonstrate and discuss the usage of GIS-

1.Hardware: A GIS must contain
hardware to support data input, output,
storage, retrieval, display and analysis.
Hardware essentials focus on the plat-
form and the peripheral devices.

2.Software: There are many GIS
software packages on the market with
either out of the box or customized in-
stallations. The levels of functionality
differ. Therefore a thorough require-
ment analysis is necessary before pur-
chasing a product.

3. Data: In almost all cases data has
geographic reference. One aspect of
data is purely descriptive and non spa-
tial (attributes of objects). The other as-
pect is geographic or spatial. A GIS
must be capable to handle both types of
data. Spatial data deals with informa-
tion on where objects are located and
their spatial relationship to other spatial
objects.

4.Personnel: A fully functional GIS
comprises of professionals, which can
be categorized as follows: system user,
end user and data generator. The skills
and abilities of th professionals are es-
sential for the performance of a GIS.

5.Methods: GIS software packages
provide programming - interfaces, so
that repetitive tasks can be standard-
ized and automated. The more a GIS is
used, the more processes have to be au-
tomated and standardized. This leads to
more efficient usage and reproducible
results. ;

A GIS is based on the integration of
three areas of computer technology:

1.Cartographic and graphic capa-
bilitie; to depict, graph and plot geo-
graphic information

2.Database management system to
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store, update and manipulate data (rela-
tional for non-graphic information, file

_ systems for graphic information)

3. Spatial analytical capabilities to
facilitate manipulation and spatial
analysis

2.2 Data Types in a GIS

Data managed in a GIS can be di-
vided into two groups, spatial data and
tabular data, Spatial data is modeled as
vector data and grid data.

The vector model has three fea-
tures: ‘

1. Points: A point is a single x, y co-
ordinate and represents the shape of a
geographic feature, which is too small
to be depicted as a line or as an area,
Points are also referred to as nodes. At-
tributes to points are linked to the point
ID. Examples are pumps or gauges.

2. Lines: A line is a set of ordered
coordinates and represents the shape of
a geographic feature, which is too nar-
row to be depicted as an area, Lines are
also referred to as arcs or segments, At-
tributes to lines are linked to the line
ID. Examples are streams or power

lines.

3. Polygons: A polygon is a closed
figure with series of lines comprising
its boundary, which encloses a homo-
geneous area. Polygons are also re-
ferred to as areas. Attributes to poly-
gons are linked to the polygon ID, Ex-
amples are land use or soil types.

Tabular data contains descriptive
information on geographic objects,
which are modeled as vector objects.
Tabular information is organized in
columns (also referred to as fields or
attributes) representing properties of
the objects. Every line in the table rep-
resents a geographic object, The object
is identified with an ID, which corre-
sponds to the ID in the geographic da-
tabase. A cell in the table contains a
value representing a property of the ob-
ject.

The grid data model contains spa-
tial information organized in a regular
matrix comprising lines and columns,
The features of a grid are the x, y coor-
dinate of the lower left corner, number
of lines and number columns and width
and height of the cells x, y, Every cell
in this matrix contains a numerical
value representing a geographic infor-
mation. Typical examples for grid data
are digital elevation models.

2.3 Topology :

Topology is the spatial relationship
between geographic objects. For ex-
ample the topology of a line of a poly-
gon includes its from-point and to-
point and its left and right polygon. The
four major topological concepts are:

1.Directionality; Every line has a
starting point (from-node) and an end-
ing point (to-node).

2.Connectivity (arc-node topol-
ogy): Connectivity is defined as the to-
pological identification of a set of lines,
that connect each point.

3. Area definition (polygon-arc
definition): Area definition consists of
a list of lines, that make up a polygon.

4,Contiguity (left-right topology):
The topological identification of adja-
cent polygons is given by the left an
right polygons of each line.

2.4 Functions in a GIS

Basically functions are used for
analysis purposes. There are two types
of analyses, attribute data analysis and
spatial analysis. Spatial analysis can be
divided into analysis on the basis of
vector data and grid data,

L.Attribute data analysis: Normally
attribute data analysis is based on SQL
(structured query language) — the stan-
dard language for relational database
thanagement systems - consisting of
the following four components: seLEcT,
UPDATE, INSERT and DELETE, In a GIS-ap-
plication the components seLecT and
UPDATE are used. Attribute data analysis
enables the user to query data with a
specified criteria within a theme, The
criteria is a logical expression similar
to those logical expressions in pro-
gramming languages. Aftribute data
analysis is based on set algebra, it is not
procedural,

2.Vector data analysis: Basically
vector data analysis is based on spatial
query making use of the topological
features of geographic objects. The re-
sults of the operations can be used for
mapping purposes. The most important
operations are:

a.Data manipulation like coordinate

change or projection

b.Spatial analysis like measure-
ment, aggregation and classification

c.Overlay similar to set query op-
erators (UNION, INTERSECT, MINUS and
DIFFERENCE); Map algebra is based on
this operation

d.  Buffering

3.Grid data analysis; The
grid data analysis is grid algeb
has all algebraic componen;s
braic expression of grids reg
grid. Another feature of g
analysis is spatial interpolatiop, like o,
example voronoi-diagrams, Weighteg,
distance analysis or kriging, The scope
implemented in the software depends
on the software product,

Furthermore vector data can be
transformed into grid data ang Vice
versa. The above mentioned functjop,
of geographic information systems can
be combined, so that complex querieg
and operations can be carried our, The
results can be visualized making use of
the mapping facilities of GIS.

3. Benefits of GIS-Applications

basis for
T3, Whicy
An alge.
ults iy N
rid dary

for Computerized Hydrologic
Modeling and Water Resources

Development

Water resources development and
hydrologic modeling are disciplines
mainly dealing with geographic data.
Furthermore  hydrologic properties
have to be calculated when dealing
with water resources potential in the
course water resources development
planing.

The planning process makes use of
quasi static data like morphologic pa-
rameters and of highly time variant in-
formation like water demand depend-
ing on socio-demographic and eco-
nomic parameters. On the other hand
short-, medium-, and long-term analy-
ses have to. be carried out and results
have to be updated regularly,

Today these cortiplex requirements
can only be met making use of modern
information technology.

3.1 Hydrologic Modeling on the
Basis of GIS

Hydrologic properties are the key
for the assessment of water resources
potential, Since this information is the
basis for water resources development,
which basically balances water demand
and water supply, hydrology can be re-
garded as one of the main disciplines in
the water sector.

Hydrologic models have evolved in
the last four decades. Almost all hydro-
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logical properties have geographical
reference and formerly properties of
- watersheds had to be highly parameter-
ized. This was necessary because de-
tailed acquisition of geographic prop-
erties was difficult and time consum-
ing. For example morphological pa-
rameters like hydraulic gradients of
watersheds had to be derived and were
used as input parameters for hydrologic
models.

Now that geographic information
systems are widely used and that digital
geographic information is easily acces-
sible, the hydrologic models have
evolved accordingly. It is not necessary
lo parameterize every property any-
more. Some geographic properties like
elevation can directly be used. That’s
why modem hydrologic models are di-
rectly linked to geographic information
systems. The following methods can be
implemented making use of the basic
functions as described in chapter 2.4 .

On the basis of the above methods
and the basic GIS-functions mentioned
in chapter 2.4 further hydrologic meth-
ods like calculation of mean precipita-
tion for watersheds, calculation of time
of concentration (for every cell in a
grid) or generation of unit hydrographs
can be derived,

Every process in a hydrologic
model from precipitation to flow is di-
rectly linked to geographic properties.
The most obvious benefits of comput-
erized hydrological modeling are:

- Large amount of data like time se-
ries have 1o be processed

* A hydrologic system is a network;
this concept can easily be computer-
ized

* The impact of scenarios (variation
of input parameters) on the response of
hydrologic systems has to be analyzed
in the course of water resources devel-

Table 1:GJS-

Key Words

opment planing

Data pre-processing is very time
consuming if geographic data is ac-
quired on a non-digital manner. Geo-
graphic properties in maps have to be
digitized and/or scanned using CAD-
tools. Field data has to be processed
with different types of tools. At present
GIS-technology comprising the §com-

‘ponents explained in chapter 2.1 is im-

proving ata high pace, This leads to the
following advantages of GIS-based hy-
drologic  modeling:

‘Data pre-processing like importing
digital geographic data, digitizing and/
or scanning maps, importing field work
data (e.g. surveying with GPS) is very
efficient.

‘Modeling is comprehensive and
yet easy to understand.

‘Updating results for different input
parameters and scenarios is simple due
to the degree of automation.

‘Results can easily be visualized in
maps; errors can easily be identified in
the modeling process and decisions
based on the results become more
transparent,

3.2 Integrated Data Processing with
GIS

Water resources development is an
interdisciplinary process comprising
social sciences, economics, geo-sci-
ences and engineering, with the objec-
tive to balance water demand and water
supply. This complex task involves dif-
ferent types of studies and modeling,
The results have to be combined and be
viewed in an integrated manner. Fur-
thermore input parameters change with
time, so that results have to updated
regularly, :

Due to the large amount and variety
of data and the related costs the “pro-
duction cycle” has 1o optimized on one
hand. On the other hand the results

based basic hydrolqgic methods (components of hydrologic ;}:odels)

Short Description

Flow Direction

Calculate direction of flow In eve

ry cell In a digital elevation model;
Gradlent Is calculated comparing elavation of nelghboring 8 cells
Identify Sinks Create grid showing lecation of sinks In a digital elevation model
Flil Sinks

Flow Aceumulation

Flll sinks In a digital elevation modal

Watershed

Calculate the accumulat

ed flow or the numbaer of |
every cell In a dligital ele S Mo

vat|

Calculate watersheds

3 polygons on the basis of
accumulation; every wa o

tershed has one pour point

on model on the basis of flow direction

Flow Length

Stream Network

Calculate flow length of

every cell In a dig|t
pour polint of the corres

ponding watershed

al elevation model to the

———

Create vector stream network and calculata
stre
basis of flow accumulation SEuRme ot
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have to be monitored and presented in
an easy to understand manner, This is
necessary because of the different
types of disciplines involved.

This can only be reached with a
high degree of automation and with
mapping. Today both objectives can be
reached with the use of GIS. Beside the
GIS-features explained in chapter 2 a
GIS is used for mapping purposes.
Therefore GIS can be regarded as the
common factor of all disciplines in-
volved.

4.Examples for GIS-
Applications in Water

Resources Development

In order to demonstrate the above
described advantages of GIS as a basis
for hydrologic modeling and hence for
water resources development two ex-
amples have been prepared.

The first example shows the capa-
bilities of a GIS for catchment model-
ing. The second example shows how
GIS can be used for the identification

* of dam sites and the calculztion of res-

E€rvoir properties.
4.1 Drainage and River Basins of
Ethiopia and Eritrea

This example shows the capabili-
ties of GIS-based basic hydrologic
methods. The region of interest is
Ethiopia and Eritrea, The objective is
to identify the drainage and river basins
within the region. In order to demon-
strate  scope an limitation of this
method a comparison of the results
with the maps of the National Atlas of
Ethiopia (Ethiopian Mapping Agency,
1986) was carried out,

The digifal elevation model used

® Camn
Laveisa (ma gy
=J '

P

Fig.1 Digital elevation model of
Ethiopia and Eritrea

79

Gener ated by CantScanner fromintsig.com



—

Fig. 2 Drainage and river basins
according to the National Atlas of
Ethiopia

was extracted from the global 1 km el-
evation data provided by USGS and
NASA. The region contains 1,250,000
cells,

Based on the digital terrain model
the following calculations were carried
out:

1.Flow Direction: Direction of flow
in every cell in the digital elevation
model :

2.Identify Sinks: Grid showing lo-
cation of sinks in the digital elevation
model

3.Fill Sinks: Fill sinks in the digital
elevation model (it was possible to
identify the lakes Tana and Turkana)

4.Flow Accumulation: Accumu-
lated flow or the number of upslope

cells in every cell in the digital eleva- .

tion model on the basis of flow direc-
tion

5.Watershed: Watersheds as poly-
gons on the basis of flow accumulation;
every watershed has one pour point

Fig.3 Watershed and steam
Calculated (incl stream order Jon the
basis of the digital elevation model

6.Flow Length: Flow lengths of ev-
ery cell in the digital elevation mode! to
the pour point of the corresponding
walershed

7.Stream Network: Vector streax.'n
network with stream order on the basis
of flow accumulation

A Comparison of the computed wa-
tersheds with those from the National
Atlas of Ethiopia leads to the following
results: :

‘The boundaries of the watersheds
in the mountainous regions match very
well, especially those boundaries at the
edge of the Rift Valley (e.g. Abay-
Awash or Tekeze-Afar)

‘The boundaries of the watersheds
in the lowlands, especially those
boundaries in of the Rift Valley don’t
match (e.g. Awash-Afar or Awash-
Lakes)

A Comparison of the computed
streams with those from the National
Adas of Ethiopia leads to the following
results:

‘All streams especially those with
deep gorges like Abay or Tekeze match
very well. The slight mismatches of all
streams are due to precision of digitiza-
tion.

‘In the Afar lowlands and in the
lower Awash area two streams with 15t
Stream order are generated, although
streams do not exist in that area, The
extreme arid condition can be the rea-
son, but morphological analyses could
give a detailed explanation.

This simple example shows that
reasonable hydrological input param-
eters can easily be generated for model-
ing purposes. The scale presented here
can be used for master plans for river
basins. For detailed hydrological
analyses it is necessary to acquire more
detailed geographic data.

When selecting geographic data for
water resources development planning
purposes scale and degree of agprega-
tion play a major role. Grids are one
basis for the hydrologic modeling, The
following phenomena are to be consid-
ered;

* Appropriate grid size is highly de-
pendable on the terrain geometry, The

flatter the terrain the smaller the gnd
size has to be.

- If the grid size is too small, the
digital model may be very accurate, but
data processing becomes too slow. This

Fig.4 Calculated watersheds compareq
fo watersheds of the National Aflqs of
Ethiopia

may lead to unnecessary costs for dar
acquisition without improving quality
of results.

‘In the course of a project a sensitjy.
ity analysis on the relationships be-
tween cell size, elevation accuracy,
area of the region to be analyzed anq
accuracy of the results has to be carried
out. If the amount of cells in the project
area is not sufficient the quality of re-
sults can become low and hence use-
less.

4.2 Pre-Selection of Dam Sites and
Calculation of Reservair Properties

Another classical example is the
identification of dam sites and the cal-
culation of reservoir properties. The
first steps of the dam site identification
procedure are purely geographical. The
most obvious parameters, that deter-
mine the pre-selection are:

- Shape of the valley

* Longitudinal profile of the stream

£\ G4t et acvimon
Nafonas At of Ehicom

¥

Fig.5 Calculated stream network
compared to streams of the National
Atlas of Ethiopia
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- Potential storage

- Land use

Furthermore other important prop-
ertics like hydro-geological parameters
or infrastructure can be geo-referenced
as well.

Provided data is given, queries for
each property can be formulated. In ad-
dition the queries can be combined
with logical operators like or, AnD or
NoT. The advantage is that the criteria
have to be formulated precisely and the
result is prompred by the system. If the
method — a combination of procedures
and criteria - leads 10 promising results,
1t can be stored, so that results can be
reproduced any time at minimum error
rate and probability. Of course the
quality of the result is highly dependant
on the quality of the input data,

For example if dam sites for large
reservoirs in the Abay or Tekeze region
are o be pre-selected, satellite images
on land use and the digital elevation
model  presented  in  chapter
_Ref455452495 are sufficient. Once
the potential sites are pre-selected, a
detailed study is necessary. Detailed
output requires detailed input data.

In the course identifying potential
dam sites, reservoir properties have to
be assessed. One classical parameter is
the area-capacity-curve. This property
can be generated automatically making
use of the digital elevation model. The
principal functions are:

1.Determine upstream and down-
stream for a given point in the stream
(the potential dam site).

2.Generate a water surface grid
with an elevation equal to the dam
height; set downstream cells to NuLL.

3.Subtract water elevation grid
from water surface grid.
4.Calculate statistics on generated
gnd

In practice contour lines are stil]
digitized for detailed studies to mini-
mize data acquisition costs. This infers
high accuracy. But in most cases the
results can be misleading. In most
small and medium scale projects it
should be recommended to carry out
field work and surveying of coordi-
nates with GPS (global positioning sys-
tem) - cost / accuracy-ratio is accept-
able. Data is automatically stored elec-
tronically, so that after completion of
the surveying work, data can be trans-
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formed and processed to a digital el-
evation model easily.

Conclusion and

Recommendation

GIS-based planning in the water
sector requires medium and long term
investments in hardware, software,
data and human resources. Investments
in hardware and software are relatively
affordable, Difficulties arise in the in-
vestments for data provision and hu-
man resources development. Costs are
high, the processes are time consuming
and continuily has to be guaranteed.

Furthermore data collection and
provision in the water sector in Ethio-
pia is not well developed. So why
should GIS-based planning in the water
sector be enforced in Ethiopia although
appropriate data is not available?

* When setting up a system, there
are tasks that should be carried out in
parallel, so that objectives can be
reached as early as possible.

Data collection and capacity
building can be carried out in parallel
to some extent.

- If one assumes that the interna-
tional data market develops in the same
pace, by the end of the next decade sat-
ellite data to any geographic topic will
be available and affordable.

* By that time project costs can be
reduced effectively. Project upgrading
life cycles will become much more ef-
ficient. .

* At the same time the production of
results becomes more reliable,

* Once the data collection and pro-
vision situation is improved, a fully
functional and reljable ready to use sys-
tem can be utilized out of the box,
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Contamination of the Hydrogeologic
~ System in Dire Dawa

Taye Alemayehu, Team Leader, Geological surveys Team,Oromia WMERD Bureau,P.0.Box 30664, Addis Ababa,

Dire Dawa has remained the main fast growing city in Eastern Ethiopia. Its fast growth rate as an indyg

' commercial center, lack of proper sewers and other waste disposal facilities, presence of al?out 20,000 open pj

favorable geological, morphological, climatological and conditions have facilltatedlpollutlon of the hydroge

tem. In this city there has been shortage of water and population increases at a higher rate. In l96§ popu
only 23.33% of that of today’s but after only three decades, in 2030, it is predicted to prow by 3.']:3 tlmes..

Apart from the future danger of possibie water shortage, the quality of ground water storagells questionab]e,

soft alluvium deposits, the main aquifers, has been polluted for the past ten decades by descending pollutants,

eventually reached the groundwater vertically and as far as Shinile town down stream. As a result there are ex

concentrations of nitrate,
pumping is considerable.

Methods

To pinpoint reasons of pollution
and reach in to convincing conclusion,
20 out of 50 boreholes, 4 out of 12 dug
wells and 2 ourt of 4 springs which are
found in the town and its vicinity are
randomly sampled and analyzed.
Population density of different zones of
the town is correlated with degree of
pollution. The geological, structural
and hydrogeological characteristics of
the surrounding rock formations is ana-
lyzed. Rainfall data which is recorded
starting from 1931 and temperature
records starting from 1951 is analyzed.
The potential evapouansipiration is
calculated from available recorded
data. Finally, record of the largest hos-
pital of the city is taken to analyze im-
pact of polluted water on residents.
Different Organizations such as the
Alemaya University of Agriculture,
Ministry of Health and the City’s mu-

nicipality are consulted for possible
impact of pollution on their activities,

Results and Discussion

The dominant lithology is the Me-
sozoic sedimentary deposit consisting

Abstract

sediments are major aquifers in the area
with high discharge. The nature of
structures has increased the quality of
aquifers. Static water level measure-
ment at different time intervals reveal a
decrease in the ground-water table,
Ground water table drop up to twelve
meters is measured in twelve various
wells between the year 1960-88
(Greitzer,1970,Tesfamichael, 1974,
ASE,1982),

Volume of ground water storage is
12.9x10°M? in the 400m thick alluvial
plain and 7.09x10 *M?® in the 150m
thick escarpment zone (Tesfamichael,
1974). The rainfall pattern has de-
creasing trend. In the period 1931-37
and 1953-63 the average rainfall
amount was 650 and the annual aver-
age figure for the period 1964-73 was
563mm, which is less by 103mm. The
mean monthly temperature in the pe-
riod 1951-70 was 24.2°C. This figure
increased by 1°C in the coming years-
1971-85.  Accordingly, the potential
evapotranspiration in the period 1951-
70 was 1711.5mm. This figure in-
creased by more than 40mm in the
coming years 1971-85. Meanwhile,
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sulphate and chloride. The drop in water:table due to decrease in precipition ang over

the amount of rainfall in the period be-
tween 1971-85 was minimum angq g
only about one-third of the tota] poten-
tial evapotranspiration. These factors
have considerable impact in aggrayar.
ing pollution by minimizing the dily-
tion effect by decreasing precipisation
and increasing evapotranspiration,
From records found from the Out
Patient Department Of Dire Dawa Hos-
pital, 10 out of 15 most common dis-
eases are directly or indirectly related
to water. Among the top 15 diseases,
duodenitis and gastritis and kidney in-
fection ranks 4" and 13™ respectively.
The presence of the methemoglobin-
emia or blue baby disease, a killer dis-
ease caused by drinking water with
high nitrate concentration and that af-
fects infants ( Uark et al, 1970), case is
unknown. The health workers are un-
aware of water pollution in the city. In
fact the public water source is safe for
domestic consumption, bur still people
might use sources outside the public
water supply.
The source of contamination of the
hydrogeologic system are two types.
The first and dangerous one is the point

Table 1. Predicted Comparison of Water Use and Waste Water Production.™

-

limestone, sandstone, shale, and chalk. Total Water Domeatlc Amount of
o i Year Population Demand' Consumption? Domaestic
Most part of the plain is covered by Waste'
loo§e&recent §uperﬂc1al fieposnts con- verd ity et . Ve/d it
sisting, sand, SII?' da).” HvEr ;ravels, 1982° 88,000 426 1324 21.3 887 14.9 488
fans and travertine with considerable 1996 189,793 77 4772 85 2113 27 1502.8
thickness 1998° 192,070 78 5475 ag 2738 27.3 1917
. 5 : 2000 208,543 8 8553 a3 a7 30.1 2293
Joints of tectonic origin, faulting 2010 313882 126 14438 83 7219 441 50;71
: min 2020 474,842 166 28788 83 14384 58.1 10l
and fracn'“'lﬂg - do anf Strucmr‘a] * Actusl Figures 1. Computed considering sn aversge 4 Uc/d incremant per year 2 Estmaied st 50% of the iotal waier demend
features in the area. The Mesozoic

Estimated st 70% of tha lotsl domestic corsumption
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Table 2. Groundwater Quality change in time ( Selected water sources )

TDS/mg/V | Mlardnessas | Nitrate Sulphate Chloride
..ame of CaCO
water point [\ | iy | aos | 1960 | 1974 | 10 1960 | e | 1sea | 1974 | ioms | 1960 | 1974 | 19w
Cortan Packory BAI . . 00 g sa | @ . 1 | m &
Cotton Fariory BAJ [ 0] L 1500 o0 11 [+1] trace Q 100 136 208 106 178 ekl
Cotton Vactory B - - 400 - 508 704 [73 & . . - ] e
High Wiy B ] TIL | 1000 | 3é0 4 116 “ 110 ] o n o HiA
Dire Dews Bosp B0 | 460 | 1497 | 3500 | 240 | 1oy | 920 | a8 . @|=n :: “|= 3
W . 40 . .] - md m (1] - [ .

m . i ”7 1500 L] 486 ng trace - @ s i “ ] 13
R Rotal HDW M4 n (b} 40 S00 s b1} - L] n 108 i 138 oY
Lege Hare 8p. @& | M 100 | W | s | ea ] » © 4 a,| o 17 |
Source: Various Sources

Bh-Borshow  HOW- hand dug wel
source contamination , which is caused
by more than 20,000 unprotected pit la-
trines found in the city. These latrines
carry the human excreta to the
hydrogeologic system through the
loose formation. The second source of
contamination is the line source con-
tamination caused by the discharge of
enormous amount industrial and do-
mestic waste water ( Table 1 ) into the
sandy sweam channels. This effluent
percolate  within few hundreds of
meters distance from their sources.
Chemical analysis carried on two waste
drainage, in Textile and Soft Drinks
Factories, shows extremely high total
dissolved solids. The textile mills dis-
charge waste water has a TDS value of
7500mg/l. Sodium, chloride and sul-
phate are the most abundant compo-
nents ( Fig 1),

From the overall analysis of avail-
able data of almost 30 years period to-
tal dissolved solids reveals alarming in-
crease. In wells located at the heart of
the town ten fold increase in TDS from
that of 30 years back is measured.
Most wells show two 1o three fold in-
crease. The degree of hardness in all
waters of the city is very hard; all have
values greater than 300mg/1.

Trend analysis of past years record
shows a growing calcium ion concen-
tration which is mainly caused by the
drop in the amount of annual precipita-

tion within and outside the basin. The
content of bicarbonate ion is also not
suitable for food processing.

The concentration of chloride in
some water points is more than 700
mg/l and the trend is growing. Sulfate
is increasing at an alarming rate. The
value of sulfate in most water points in
1959 was less than 100mg/l. After 30
years most wells have values greater
than 200mg/l value. Some localities
show up to three fold increase. The
source of sulfate is mostly the human
excreta and sewage.

Similar to sulphate nitrate concen-
tration is fast growing and thus poten-
tially dangerous. In 1959, the maxi-
mum concentration record was only 45
mg/l at the heart of the city. Value
measured in 1982 was as high as
320mg/l in a similar well. Many wells
shows more than two fold increase in
two decades.(Fig.2, Table 2.)

Conclusion

From the over all analysis made, it
is concluded that, the rainfall pattern,
over-pumping and depletion of re-
charge from the highlands, as indicated
by the recent drop in water table, is
making the groundwater storage non-
dependable. Most of all the degrada-
tion of the main groundwater storage,
mainly by human activities, will leave

Water 3(1) April 2000

the city without any nearby possible
source of water supply in the furure.

Sewage related pollution already
has manifested itself in drinking and
food processing water and with in-
creasing volumes of water use and pol-
lutant disposal it is likely to occur at in-
creasing amounts in the future,. Irriga-
tion east and west of the city and some
geologic formations like cliche forma-
tion are part of the problems for high
nitrate values. The way human excreta
has been disposed for almost a century
is the main reason for the current high
nitrate concentration. Degree of pollu-
tion is directly related with population
density and groundwater flow direc-
tion. While the most precious narural
resource, water, is polluted in such a
way no state measure is taken to protect
the  hydrogeologic  environment.
Therefore, government’s political, eco-
logical and moral responsibility for the
protection of ground water is inescap-
able. Modification in the master plan of
the city, to protect safe zones of the ba-
sin and the construction of pit latrines
using impermeable casings, and bot-
tom lining by concrete and-construc-
tion of sewage system and strong envi-
ronmental monitoring have paramount
importance 1o control further aggrava-
tion of the problem,
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Sensitivity Analysis of Optimal '“’igation
Scheduling using a Dynamic
Programming IVIodel

Ketema Tilahun, Aemaya University,P.0.Boy. 33, Alem aya, £y
. Ep iopi

An optimisation dynamic programming model is used to analyse the effects of various irrigation
sponse factors and initial soil moisture on the water allocation p
evapotranspiration, rainfall data, soil moisture holding capacity,
factors. Irrigation scheduling at weekly irrigation interval is obtai
pattern to the sensitivity stages under different levels of irrigati

" Abstract

attern to the sensitivity stages. The
length of crops sensitivity stages wit yield WSponsp
ned for a given supply ofirrigation water, A“ocaﬁo:
on is observed. The effect of varying yield respong,

.levels, yielg Fe.
11puts are ¢y,

factors around the values given in literature on the water allocation pattern to the sensitivity stages is analysed, T,

contribution of residual soil moisture and its effect on irrigatior
great importance in optimal irrigation water management und

Introduction

Water is the single most important
input to the crop production system.
The fast rising demand for food and fi-
bre makes the sagacious use of water a
global concern. Howell et al,, (1975)
used Dynamic Programming (DP) 1o
apply small quantities of irrigation at
high frequency. Their conclusion was
that irrigation amounts could be sub-
stantially reduced without a large de-
crease in expected yield provided the
irrigation was distributed optimally
over the season. Others authors like
Hall and Butcher, 1968, Brass and
Cordova, 1981 and Yaron and Dinar,

1982 have used DP in the analysis of .

optimal irrigation scheduling under
limited water condition. In these mod-
els analysis concerning the effect of the
parameters and variables of imrigation
water scheduling has not been dealt
with.

The yield response factors derived
by Doorenbos and Kassam, 1979
though they are helpful for planning
purposes, they are still site specific.
The extent to which error in the choice
of the value of this factor affects irriga-
tion scheduling worth analysis. Analy-
sis concerning the extent to which the
level of initial soil moisture at the be-
ginning of an irrigation season affects
the irrigation water required for a crop
and its effect on the irrigation schedul-
ing is essential. Here, it is aimed to
analyse the influence of these param-

84

eters and variables on the irrigation wa-
ter scheduling.

The procedure proposed by Rao et
al. (1990) as used in the generalised
dynamic programming model Colo-
rado State University Dynamic Pro-
gramming, CSUDP (Labadic, 1990) is
adopted. It is assumed that the crop
yields are limited only by water. The
model uses average weekly potential
evapotranspiration and rainfall at
specified probabilities of exceedence
and crop and soil related inputs. The
output from the model is optimal se-
quence of weekly irrigation decisions
which maximise the crop yield.

The specific objectives of this study
are to apply the DP model for the
analysis of the irrigation water alloca-
tion pattern to the sensitivity stages un-
der different levels of irrigation water,
the effect of yield response factor on ir-
rigation water allocation to the sensi-
tivity stages, and the contribution of
initial soil moisture to the crop water
requirements and its influence on irri-
gation scheduling.

Basic Equations and Data

When the available supply is lim-
ited, water deficits are unavoidable in
some periods of the growing season.
The scheduling problem then becomes
complex because irrigation decisions
need to be based on the crop’s sensitiv-
ity to water deficits in different periods
of its growth. This requires an evalua-

1 scheduling is dealt with. These information ¢ap be of
er limited water condition.

tion of alternative irrigation schedules
and choosing the schedule which
maximises yields for the given leye] of
water supply.

To solve the growth stage level
problem, the multiplicative dated warer
production function proposed by Rao
et al, (1988b) is maximised by dy-
namic programming to obtain water a|-
locations to sensitivity stage.

Y/, =ﬁ[I-K‘.(l~AET/PET),.] s

where Y=actual yield; Y = maximum
yield i.e. when AET = PET; N,= num-
ber of sensitivity stages of crop k ; K, =
stress sensitivity factor for the i* sensi-
tivity stage; AET,actual ET for i* sen-
sitivity stage and PET, = maximum ET
for i sensitivity stage. To avoid having
to define an additional state variable as-
sociated with the limited water supply
availability this constraint is placed
into the objective function via a
Lagrange multiplier. Since logarithm
function is unique, Equation (1) can be
written equivalently as

maxi.:ln[i-x,.(l-AETIPET),]-/I[%M] 2

Where U, is water allocated to sensitiv-
ity stage i. The method of solution is to
fix a value of and to solve the problem
using DP algorithm and then repeat the
same procedure for a different value of
. The detailed discussion of the under-

water 3(1) April 2090
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Irrigation Scheduling

Sensitivity Cotton Maize Groundnut Sorghum
Stage(1) Days Ky Days Ky Days Ky Days Ky
Vegetative 63 02 |56 04 35 0.2 49 02
Flowering 98 0.5 21 1:5 42 0.8 21 0.55
Yield formation 42 05 42 0.6 42 0.45
Ripening 21 025 |21 02 21 0.2 14 0.2
Total growing season | 182 0.85 | 140 1.25 140 0.7 126 0.9

Table 1. Length of sensitivity stages and corresponding yield response factor (Ky)

Week 1 2 3 4 5 6 7 8 9
Reference crop ET 37.6 37.8 378 38.0 37.2 37.8 382 392 400
80% exceedence rain 0 0 0 0 0 0 0 0 0
Standard week 10 11 12 13 14 15 16 17 18
Reference crop ET 456 467 466 463 423 414 405 390 379
80% exceedence rain 0 0 0 0 0 0 8.3 20.6 16.0
Standard week 19 20 21 22 23 24 25 26

Reference crop ET 37.0 366 364 36.1 377 378 379 379

80% exceedence rain 167 0 7.1 0 0 0 0 0

Table 2.

lying equations and subroutines is
given in Tilahuh, 1997.

All the crop, soil, and climatic data
refers 1o a project area in Ethiopia,
Amibara Irrigation Project. Its altitude,
latitude and longitudes are about 700m
above sea level, 10°N and 40°E respec-
tively. Total annual rainfall and tem-
perature are about SO0 mm and 26°C
respectively. The soil of the area is fine
sandy loam with total available mois-
ture holding capacity of 1.25 mm/cm.
The crops grown in the projecr area are
coton, maize, groundnut and sorghum,
The length of sensitivity stages and
corresponding yield response factor
(Ky) taken from Doorenbos and Pruit,
1974 are as given in (Table.1)

Results and Discussion

(A) Effect of different levels of
limited seasonal irrigation

If water supply is not limited, irri-
gation is applied to the crops to fulfil
potential evapotranspiration. But when
water is limited the available water
should be applied in such away that the
yield is maximised. Depending upon
the seasonally available water for the
project, individual Crops can receive
different amounts of water each season.
If the amount of water allocated to a
crop is smaller than that necessary for
relative yield of unity, there is corre-

i
! water 3(1) April 2000
{

Weekly reference evapotranspiration and 80 % dependable rainfall

sponding decrease in the relative yield.
If the limitation is continuously in-
creased, from which growth stage will
the water be decreased?.

Different water supply levels (mm)
are provided for each crop using 80%
exceedence rainfall and initial soil

moisture level of 0.4 mm/cm and the
following result was obtained.

From Table 3 it can be seen that
priority is given to the most sensitive
stage. Ifitis found that there is shortage
of irrigation water, reduction is done
from the less sensitive stages withour
much loss in yield due to optimisation.
The most sensitive stage gets almost
constant amount of water until there is
such a small amount of water available
and reduction from this stage is started.
Interestingly, Table 3¢ shows that for
groundnut evenif lower amount of wa-
ter is applied to the most sensitive
stage, as the water available is lowered,
more water is applied to this stage until
the shortage is high enough and this al-
location starts to decrease again.

Amount allocated to a given sensi-
tivity stage is determined more by the
length of the stage than by its sensitiv-
ity. The yield response factor for a
given sensitivity stage is an indicaror
for the priority of water allocation
when there is shortage. Therefore it
doesn’t mean that the most sensitive
stage geis the highest amount of warer.
The latter is true only under severe
shortages. There is a limit to the

a.Cotton
ss Ky 5242 357.9 01.4 S3s 287 154 0
I 0.2 1670 - 08 0.8 03 03 03 0
2 0.5 357.2 357.1 300.6 1.7 17 17 0
3 0.25 0 o 0 515 267 134 0
Relative Yicld 1.000 0.835 0737 0.428 0.402 0388 0.357
b.Maize
SS Ky | 4806 4721 4650 3951 3332 1210 460 239 6.0
] 04| 1408 1408 1333 63.9 20 20 14 0 0
2 LS| 1147 1147 1147 114.7 1147 1152 446 239 6.0
3 05| 2249 2165 2165 2165 216.5 38 0 0 0
4 02 0 0 0 0 0 0 0 0 0
Relative Yield. 1000 0998 0.1 0818 0673 0376 0142 0075 0023
c.Groundnut
sS Ky [ 4536 4323 3489 3249 1266 122 124 0
1 0.2 97.6 59.8 24.0 0 0 03 03 0
2 08| 1546 1711 171.1 17,1 12656 439 121 0
3 06| 1681 168.1 153.8 1538 0 0 0 0
4 02| 333 333 0 o 0 0 0 0
Relative Yield  1.000 0966 0,799 0.735 0251 0.141 0099 0084
orghum
ss Ky 4468 4118 307.0 1368 1126 555 137 0
1 0.2 1210 1210 165 16.5 0 2.6 26 )
2 0.55 1203- 1203 1203 1203 1126 52.9 1.1 0
3 0.45 2055 1655 1642 0 0 0 0 0
4 ‘ 0.2 0 50 6.0 0 0 0 0 0
Relative - Yield 1.000 0997 0853 0487 0445 0326 0259 0.194
Table 3. Scheduling pattern under different levels of watrer application (mm)
85
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amount of water a sensitivity stage can
take.

For groundnut, the flowering pe-
riod is the most sensitive to water defi-
cit, followed by the yield formation pe-
riod. Therefore, in the case of limited
water, savings should be made during
the periods other than flowering and
early yield formation. Maize is rela-
tively tolerant to warer deficits during
the vegetative and ripening periods.
Greatest decrease in grain yield is
caused by water deficits during the
flowering period. Therefore, when
rainfall is low and irrigation water sup-
ply is restricted, irrigation scheduling
should be based on avoiding water
deficits during the flowering period. As
regard to sorghum, the timing of supply
should aim at reducing water deficits to
a minimum during flowering and yield
formation. Where water supply is lim-
ited during the flowering period, water
savings can be made without causing
additional heavy yield losses by reduc-
ing irrigation water supply during the
vegetative, late yield formation and
ripening period.

(B) Effect of yield response factor

The knowledge of crop yield re-
sponse to water is important for deci-
sion making in irrigation activities such
as optimal decisions for irrigation sys-
tems design and water resources plan-
ning. The need for using this knowl-
edge becomes more compelling as wa-
ter becomes increasingly scarce and/or
expensive.

The yield response is different for
different crops and for a given crop dif-
ferent stages can have different yield
responses. After analysing the avail-
able information on crop yield re-
sponse 1o warter, Doorenbos and
Kassam, 1979 derived yield response
factors for the total growing season and
the individual sensitivity stages for
about 26 crops. These factors are the
indices for sensitivity to water stress
over the whole growing season and
specialised  physiological  growth
stages of a crop respectively. They are
recommended for planning and opera-
tion of irrigation systems. As these val-
ues are Just empirical averages, there
can be variation in different regions of
zihi:i ;;c;rlrtlihuend?r diijfclre'nt climatic con-
how w-ater arle] ore,lxt IS Important to see

ocation to the sensitivity
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b, c.
ss | Ky U'(mm) sS Ky U(mm) 85 [Ky m
1 0.2 0 [ 0.25 0 1 0.15 3
2 0.8 171.2 2 0.8 171.2 2 0.8 N3
3 0.6 153.8 3 0.6 153.8 3 0.6 1534
4 02 0 4 0.2 0 4 0.2 "
Total 325.0 Total 1250 i Total 333
RY' 0.735 RY 0.695 RY 0.776
SS stands for scnsitivity stage RY" stands for relative yleld U stands for depth of imigation —
d. A f.
S5 | Ky U(mm) SS Ky U (mm) 8§ [ Ky U (mm)
1 0.2 0 1 0.2 0 1 0.2 3]
2 0.8 171.2 2 0.85 171.2 2 0.78 1712
3 0.6 153.8 3 0.6 153.8 3 0.6 1538
4 0.2 0 4 0.2 0 4 0.2 0
Total 325.0 Total 325.0 Total 325.0
RY 0.735 RY 0.735 J RY 0738
g h. i
Ss Ky U (mm) ss Ky U (mm) Ss Ky U (mm)
1 0.2 [+] 1 0.2 0 1 0.2 [}
2 0.8 171.2 2 0.8 171.2 2 0.8 171.2
3 0.6 153.8 3 0.65 153.8 3 0.55 153.8
4 02 0 4 0.2 0 4 02 0
Total 325.0 Total 325.0 Total 325.0
RY 0.735 RY 0.733 RY 0.737
A k. L
SS | Ky U (mm) SS Ky U (mm) SS | Ky U (mm)
1 0.2 0 1 0.2 0 1 02 0
2 0.8 171.2 2 0.8 171.2 2 0.8 171.2
3 0.6 153.8 3 0.6 153.8 3 0.6 153.8
¢ 0.2 0 4 0.25 0 4 0.15 0
Total 325.0 Total 325.0 Total 325.0
RY 0.735 RY 0.720 RY 0.750

Table 4. Relative yield and water allocation (mm) when Ky value of sensitivity

stages is varied

stages behaves when the yield response
factor of a given stage is varied.

This analysis is done for groundnut
using 80% exceedence rainfall and ini-
tial soil moisture content of the soil at
the beginiihg of the season as 0.4 mm/
cm and irrigation level of 325.0 mm.
Yield response factor, Ky, values were
varied around the value given in litera-
ture for each sensitivity stages. \

Higher yield response factor of a
given sensitivity stage or a given crop
means that the stage or crop is more
sensitive to water stress: Similarly,
when the Ky value is decreased it
means that less sensitive stage or crop
is considered. When the Ky value for
the first stage of groundnut is increased
from 0.2 to 0.25, relative yield de-
creased by about 5.5 %. Similarly,
when it is decreased to 0.15 relative
yield increased by about 4.1 %. For this
level of irrigation (325.0 mm) no water

is allocated to this sensitivity stage. But
this stage can actually take about 97.0
mm of irrigation water for maximum
yield when there is no water limitation.
This shows for more sensitive stages,
more water should be applied other-
wise there is a decrease in the yield.
In the second stage, evenif Ky value
is increased from 0.8 to 0.85, there is
no change in the relative yield. The
same is true if it is decreased: But 171
mm is the maximum this stage can take
for maximum yield when there 15 20
water limitation; and this amount s al-
ready applied. It shows that 0nc a
stage has got what it can potentially
take, increasing or decreasing Ky value
will not affect the relative yield WE
the yield response factor Ky f°’6 e
third stage is decreased from 0& by
0.55, relative yield is iﬂc“"_ase pen
about 0.2%. This increase is high ‘cvo
compared to the oneé of the 5

4 0000
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Figl. Minimum irrigation requivement
and its allocation 10 the sensitivity siages
under different initial soil moisture
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Table 5. Minimum irvigation water (mm) under various residual soil

moisture (mm/cm)

stage (no increase) and lower when
compared to that of the first stage
(4.1%). Burt groundnut can take 168
mm of irrigation water for maximum
yield when there is no water limitation,
Here about 154 mm of water is allo-
cated. Therefore there is still small
room to apply water and a decrease or
increase of Ky value brings a slight
change in relative yield. Indirectly, this
shows that increasing water application
forastage above what it can potentially
take will not increase the yield.

(C) Effect of initial soil moisture

Initial soil moisture content () is the
soil moisture at the beginning of the ir-
rigation season. High rainfall during
the rainy season may bring the soil
moisture content close to or at field ca-
Pacity. In studies of the effects of water
shortage on crop yield, hydrologic in-
Puts and outputs during growing sea-
son of the crop are carefully taken care
ofand analysed. But the effect of stored
soil moisture at the beginning of the
Browing season is dependent on the
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preceding season rainfall condition and
is usually ignored. But where water is
scarce and yield is limited, the stored
water in the soil is an important factor
and worth analysis. Therefore, it is nec-
essary to sce how important is this
moisture when it is at permanent wilt-
ing point, critical soil moisture, field
capacity or any state in between or out-
side. In this study, the effect of residual
soil moisture on the following aspects
is to be analysed: the minimum irriga-
tion required for the relative yield of 1,
the allocation pattern to the sensitivity
stages and weekly irrigation scheduling.

To analyse this effect, discrete ini-
tial soil moisture levels were taken
from 0.1 to 1.25 mm/cm at an interval
of 0.1 mm/cm. The model was run for
each initial soil moisture conditions un-
til RY = 1 is obtained. Then the mini-
mum total irrigation needed and the
corresponding allocation pattern to the
sensitivity stages of each crop is shown
in (Table 5).

Table 5 and Figure 1 show that
there is a decrease in the required irri-

.
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gation water when the stored soil mois-
ture 1s increased. Evenif the relation-
ship is not linear, when is increased
from 0. Imm/cm 10 1.25 mm/cm, the ir-
rigation demand decreased by 21.5 %
for cotton, 23 % for maize, 14.5 % for
groundnut and 13.4 % for sorghum .
These variation between crops may be
due to length of the growing season of
the crop and the root depth. This means
the longer the growing season and the
deeper the root depth the higher the
crop makes use of the stored soil water.

From the water allocated to the sen-
sitivity stages and the corresponding
curves, it can be seen that the stored
moisture variation affects almost only
the earlier stages. The decrease in the
required total supply as the stored
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Table 6. Irrigation scheduling for different initial soil moisture (mm/cm) for groundnut

moisture is increased is the result of de-
crease in the supply in the early sensi-
tivity stages. The latter stages are al-
most unchanged. This can be due to the
fact that root growth stops at these lat-
ter stages. Some exceptional features
seen in the curves is due to optimisation
pattern. As the initial soil moisture is
increased, the first irrigation is shifted
from the first week of the first sensitiv-
ity stage to the second week of these
stages. There is sudden change in the
amount of irrigation water at these soil
moistures levels. As the initial soil
moisture is lowered and the first irriga-
tion is given in the first week, the over-
all supply is increased more than it does
in the other cases.

From Table 6 it appears that W,
though it affects the minimum amount
of irrigation water one should apply for
the relative yield of 1, does not signifi-
cantly influence weekly irrigation se-
quences. This is because the incremen-
tal soil water due to reot extension is
small compared to the total soil-water
content of the effective root zone. A
second factor is the fixed capacity of
the irrigation water delivery system
compared to the available soil-storage
capacity. The result is that, under such
conditions, when available supplies are
highly deficient, irrigation decisions
are governed more by crop and irriga-
tion system-related factors than by the
soil-water availability. However, when
supplies approach adequate levels, irri-
gation frequencies rise and W, influ-
ences the timing of irrigations  signifi-
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cantly.

The carry-over moisture stored in
the soil during the preceding rainy sea-
son or irrigation contributes substan-
tially to the crops of the current season.
The amount of stored soil moisture
from the preceding rainfall is important
to decide whether pre-irrigation is re-
quired at the time of sowing. This
moisture should be taken into account
especially when there is limited water.

Conclusion

A considerable potential for a dy-
namic programming model in the
analysis of the effect of different irriga-
tion levels, significance of yield re-
sponse factor, and initial soil moisture
in irrigation water management has
been demonstrated. Irrigation amounts
could be substantially reduced without
a large decrease in expected yield if the
irrigation is distributed optimally over
the season. Optimisation keeps the
relative yield high enough by allocat-
ing more water to the more sensitive
stages at the expense of the less sensi-
tive stages.

Increasing the yield response factor
of a sensitivity stage decreases the rela-
tive yield for a given quantity of water
available for the crop. But once a sensi-
tivity stage has got its full water re-
quirement, increasing or decreasing the
yield response factor will not change
the relative yield. The most sensitive
physiological growth stage of a crop is
not necessarily the stage which con-

Ketemg Tiah,

sumes the maximum amoup;
The yield response factor of 3
ity stage is an indicator for tp, i,
of water allocation when there l'z ’s'}‘;hfl
age. 'In fact, the amount of water on.
sitivity stage requires is depeng,
both its length and the yield respg
Stored soil moisture h; i
T¢ has greq
tential value for boosting overa]| p[:o-
duction. This indicates the imponan?"
of water conservation practices 1o i;_'
crease soil moisture storage with e,
phasis on off-season irrigation with
waters which would otherwise pb
wasted. But although its contribution
the crop water requirement is signif.
cant, the effect of initial soil moisture
on the irrigation scheduling is limited
to the” first one or two’ sensitivity
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The existing hydrometeorological network d

stations) does not satisfy the WMOQ°*
tions). This problem is aggravated d
ernmental organizations -

Abstract

ranch offices. If 50

ensity of Ethiopia (about 832 meteorological and 507 hydrometric
§ recommendations (2399-5428 meteorological and 674-1
ue to budgetary constraints
The National Meteorological Services
partment (HSD). In this regard a rigorous strategy based on the ¢
proposed strategy for meteorological network is to establish statio
with observers from these centers. Incentives b
be processed and verified by regional NMSA b
mosques are fit and considered for station estab]
tional meteorological stations, respectively.

796 hydrometric sta-

and capacity limitations of the two responsible gov-
Agency (NMSA) and The Hydrological Studies De-
ountry’s socio-economic conditions is proposed. The
ns in compounds of schools and churches or mosques
eing provided by the regional governments and the collected data will
% of the total number of schools and churches or
ishment, Ethiopia could have more than about 5,000 and 8,000 addi-

For hydrological network, personnel for the various agricultural exten-
sion programs of the MOA could be utilized fo

could be conducted by senior students in en
tion. Principal recommendation concern in

SIS.

1. Introduction

The principal purpose of a hydrom-
eteorological network is to provide a
suitable data base for Areal (or spatial)
and temporal analysis. The problem of
obtaining estimates of Areal data over a
specified time period to a specified de-
gree of accuracy from a set of point ob-
servations is a familiar one to all of us.
The design of a specific network de-
pends on specific network objectives,
scientific considerations, and monetary
constraints. Questions like for what
purposes are the data to be used? What
time scale is of principal interest? How
accurate are the point measurements?
How representative are they of the sur-
rounding terrain? What economic fac-
tors are involved? are the major con-
cem of hydrometeorological network
design. In this paper a rigorous strat-
€gy is proposed which fully addresses
some of these questions by considering
Ethiopia’s actual socio-economic con-
ditions.

Background

Ethiopia, with a total geographical
area of 1.13 million (km)2, has a highly
Tugged topography. According to
NMSA (1996), Ethiopia’s climate is
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characterized by high rainfall variabil-
ity. It is therefore essential to assess
rainfall with the associated weather
systems in sufficiently rigorous fashion
so as to evaluate its influence on the
socioeconomic development activities
of the country. Moreover, rainfall is a
major component of climate which is
beneficial to everyday human activities.

The country is divided info the fol-
lowing four regions based on rainfall
types (Fig.1):(i) Region B: monomodal
type 1; (ii) Region D: monomodal type
2; (ii1) Region A: bimodal type 1; and
(iv) Region C: bimodal type 2. When
the rainfall occurs in one continuous
period of time in a year, this is termed
as monomodal and when this occurs in
two discontinuous periods in a year,’
this is termed as bimodal. Again, each
of these are divided into type 1 or 2,
based on the time of occurrence of the
continuous period(s) or by the promi-
nence of rainy periods. Even though
the climatic features of the country are
highly associated with the rainfall vari-
ability both in space and time, other
meteorological parameters such as
temperature, wind speed, humidity, po-
tential evapotranspiration, etc. are also
important.

T supervision and/or observation. Establishment of observation stations
gineering and related sciences with incentives during their summer vaca-
tegration of meteorological and hydrological network planning and analy-

The important weather systems that
cause rainfall over Ethiopia are Sub
Tropical Jet (STI), Inter Tropical Con-
vergence Zone (ITCZ), Red Sea Con-
vergence Zone (RSCZ), Tropical East-
erly Jet (TEJ) and the Somalia Jer, ST,
ITCZ, RSCZ, TEJ and the Somalia J et
cause rain in Region A; ITCZ along
with some of those which influence
Region A cause rain in Region B; the
ITCZ causes rain in Region C; and STJ
& RSCZ cause rain in Region D. How-
ever, in each of these regions the rain-
fall amount and its variability is quite
different over different parts. This is
mainly associated with the movement/
position of rain causing mechanisms
with reference to a given region in dif-
ferent seasons and orographic condi-
tions (NMSA, 1996).

According to Koppen’s climatic
classification with certain modifica-
tion, the country is divided into 11 cli-
matic zones. They principally come
under dry climates, tropical rainy cli-
mates and temperate rainy climates.
More precisely, they range from equa-
torial desert to hot and cool steppe, and
from tropical savanna and rain forests
to warm temperate and cool highlands.
However, the temperate climates in
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many cases and not truly temperate but
they are high altitude zones only
(NMSA, 1996).

There is a more commonly used lo-
cal classification of climate in Ethiopia
based solely on altitude and mean tem-
perature. The five climatic zones are:
(i) Wurch (alpine); (ii) Dega (temper-
ate); (in) Weina Dega (temperate and
sub-tropical frost free zone); (iv) Kolla
(tropical and desert low lands), and (v)
Berha (desert) (Daniel, 1972).

The Wurch zone covers areas with
altiude greater than about 3300
meters, where mean daily air tempera-
ture rarely exceeds 100C, where there
is no cultivation practices, etc. The
Dega zone covers arecas with altitude
from abourt 2300 10 3300 meters, where
heavy frost occur in the highest regions
of this zone even though many parts
have much lower temperatures with a

mean daily air temperature being in the
range of 100C to 150C. The Weina
Dega zone covers areas with altitude
from about 1500 10 2300 meters, where
mean daily air temperawre being in the
range of 150C 1w 200C. Most of
Ethiopia’s population inhabited in this
and the Dega zones due 1o their pleas-
ant weather. The Kolla zone covers ar-
eas with altitude from about 500 to
1500 meters, where mean daily air tem-
perature being in the range of 200C to
250C. The Berha zone covers areas
with altiude less than about 500
meters, where mean daily air tempera-
ture being greater than 250C.

Ethiopia, with the discussed above
diversified climatic resources, is also
narurally endowed with quite a sub-

stantial amount of water resources po-
tential in its 12 river basins. According
to recent studies by Ministry Of Water
Resources (MOWR, 1998), the total
annual sarface water potential is esti-
mated to be more than 110 billion cubic
meter (Bm3) and the total annual
groundwater potential amounts in the
order of 2.6 Bm3. Moreover, the po-
tential land for irrigation is more than
3.5 million hectares with less than 3%
of potential being presently under irri-
gation. The potential annual hydro-
power production of the country on the
other hand is estimated to be 161,000
Gega Watt Hour (GWH) with less than
1.5% of the potential being presently
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produced. This makes Ethiopia the
second country with huge hydropower
potential in Africa next to Democratic
Congo (former Zaire). Therclorcilisa
paradox that the world knows about
Ethiopia by its recurring droughts
linked with famine rather than by its
vast natural resources. This impression
is however largely due to media im-
ages.

In fact the efforts made 1o utilize its
natural resources for its sociocconomic
development is onc of the least men-
tioned in the world. This is partly due
to poor information system; especially
regarding hydrometcorological data.
In this regard capacity limitations to

build a good operational hydrology
system is worth mentioning,.

Scope

According to the definition adopted
by WMO (1983), operational hydrol-
ogy includes:

a)Measurement of basic hydrologi-
cal elements from networks of hydro-
logical and meteorological stations;
collection, transmission, processing,
storage, retricval and publication of ba-
sic hydrological data;

b) hydrological forecasting;

c) methods, procedures and tech-
niques used in; (i) network design; (ii)
instrumentation and methods of obser-
vation; (iii) data transmission and pro-
cessing. S

The scope of this paper is therefore
concentrated on how (o upgrade the ex-
isting hydrometcorological network of
Ethiopia from operational hydrology
point of view. Therefore the paper ad-
dresses practical ways of upgrading the
hydrometeorological network density
for the observalion of the most impor-
tant basic hydrometeorological ecle-
ments - precipitation (rainfall) and
stage and/or discharge of stream flow
within short time frame cconomically.
However, other basic hydrometeoro-
logical elements such as temperature,
wind speed, humidity, sediment load
sampling, etc. can also be included
whenever their importance is detrimen-
tal.

This paper has been prepared based
on available literature survey and the
author’s experience of his country
(Ethiopia) and other African countries.
This paper will also create a discussion
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2. Status of the Existing

Hydrometeorological Network

A hydrometcorological netwoy
should have a good spatial and tempo.
ral coverage in order to provide a reli.
able information for inventory, plap.
ning, design, construction and opera-
tion of Water Resources Developmen
(WRD) projects in the country. In prin.
ciple the network should be developed
on the basis of a nationwide plan which
considers long term objectives in addi-
tion to current and short term ones.
However, in Ethiopia the hydromeco-
rological network has developed in an
empirical manner related to ongoing
data needs.

Network design in an operational
sense must lake into account the exist-
ing network and try to adjust it so tha
long-term objectives can be satisfied at
aminimum cost. In this paper attention
will be given on the acquisition of data
for local- and broad- scale planning
purposes.

The existing hydrometeorological
network is operated by the two govern-
mental agencies under MOWR: NMSA
for meteorological data and the HSD
for hydrological data. However, ac-
cording to the tradition of data acquisi-
tion strategy by these two agencies will
not cnable the country to achieve the
desired hydrometcorological network
density within a short time frame eco-
nomically due to capacity limitations.

Hydrometeorological networks re-
quire an infrastructure (stations, mea-
surement and data transmission equip-
ment, repair and maintcpance shopS.
rating  laboralories, iran;porlah(;ﬂ
means- plus the corresponding Smg
and a superstructure (for planning anl-
running the network, and for Coujcia
ing, checking and prut:'t:(:ssing.l lhq fﬂ ;
and disseminating the resulting 10 or'
mation to the users). Therefor¢ ucpl'
grading the hydromctcorologncal ncn'
work by these responsible 1;0)"3'”“”‘1355
tal agencies only is far reaching un
a rigorous approach is followed-

Moreover, data collected Of

; 0
water 3(1) April 200

fromintsig.com

Hy
tr
cu

Br

Y

i - s A A M T



Hydrometeorological Network

time and space variation of hydrom-
eteorological characreristics of an area
may be categorized into three major
groups: historical data, ieal time data
and special survey data.

Historical data

Historical data are collected to ob-
tain a space/time series of data on me-
teorological and hydrological elements
of the relevant area from which the hy-
drological characteristics can be esti-
mated The density of the stations is
primarily dictated for this group by the
variability of the elements to be mea-
sured and the acceptable errors of esti-
mation at the ungauged locations.
Budgetary constraints often override
these considerations. It is largely from
historical data point of view that hy-
drometeorological network of Ethiopia
has been developed.

In Ethiopia, the most significant
difficulty in the realm of operational
hydrology is the sheer lack of measure-
ment stations. Four major reasons are
responsible for this: (1) budgetary con-
straints, (i) low level of know how of
the society and the decision maker on
the importance of hydrometeorological
data, (iii) few skilled manpower in the
profession, and (iv) problem of acces-
sibility due to the mountainous topog-
raphy of the country.

The WMO (1970) in Ferguson
(1973) makes recommendations with
respect to the density of rainfall and
flow measurement stations in moun-
tainous, flat, arid regions of temperate,
Mediterranean and tropical zones.
Table 1 shows the required hydrom-
eteorological stations for Ethiopia by

T I T T T ‘l
% n « a “

Fig.1 Rainfall Regimes of Ethiopia
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basin according to the WMO recom-
mendations. Fig. 2 presents the status
of the existing stream gauging stations
in Ethiopia by basin. The total nimber
of meteorological stations in Ethiopia
are about 832 (WRC, 1987).

One of the peculiarities of meteoro-
logical stations in Ethiopia is their loca-
tion being limited in the towns and re-
lated sites. Accessibility is the major
reason in this consideration. Several
towns in Ethiopia were established by
former local governors on fortified
places from military strategy point of
view. Therefore, the existing meteoro-
logical network of the country lacks
sound consideration of the variability
of the meteorological elements (mainly
rainfall) to be measured.

Moreover, the existing hydrometric
stations for stream gauging are mostly
located at bridge sites due to problem
of accessibility even though bridge
sites are not hydraulically very suitable
sites. On top of this the nature of the
streams in this country are mostly hilly
catchments in which the variations of
stream flow is significant within
smaller reach of the streams. More-
over, The practice of groundwater ob-
servations based on network design
principles is at an infant stage in Ethio-
pia.

Real time data

Real time data are transmitted as
they are recorded to data-collection,
processing and dissemination centers
in order to monitor or forecast water-
related phenomena for various practi-
cal operational purposes. The bulk of
real time data.is required in tropical
countries in connection with forecast-
ing flood elements. However, use is
also made of real time hydrological
data for the operation of Water Re-
sources Development (WRD) projects.
However, real time data practice in
Ethiopia is not adequate due to capacity
limitations.

Real time data, when stored and
processed appropriately, also become
part of the historical data. In addition
they can provide carly indications of
rare events taking place in the region
and allow more efficient use o be
made of the staff and equipment avail-
able to operate the historical data ner-
work. The infrastructure for real time
data consists of pauging nerwork sub-
systems and remote sensing subsystem.

Special surveys

Special surveys are defined as sur-
veys for obtaining hydrometeorologi-
cal data which are conducted occasion-
ally or periodically in addition to the
regular network observations (e.g. sur-
vey of the minimum fiow of ungauged
streams during a drought). As many
special surveys are not carried out by
official meteorological and hydrolagi-
cal organizations but frequently by en-
gineering consultants (river basin mas-
ter plan studies, planning WRD
projects, etc.). There is a need, particu-
larly in Ethiopia to collect and coordi-
nate the information contained in re-
ports on such special surveys,

3.Prhposed Strategy to Upgrade

Meteorological Network

In addition to efforts made by
NMSA to upgrade the existing net-
work, a rigorous strategy that takes into

. account Ethiopia’s cultural, social, eco-

nomical, religious and environmental
condition is proposed. )
Primary and junior schools can be
used as one of the promising sites for
meteorological stations. According to
1995/96 educational statistics by Cen-
tral Statistics Authority (CSA), there
are about 9704 primary schools and
1304 junior schools in Ethiopia. If the
average (50%) of the total number of

B Abandoned
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Fig.2 Status of stream gauging stations in Ethiopia by basin (after kidane, 1997)

91

Gener ated by CantScanner fromintsig.com



Abebe Belachw

Table i.Hydromereorological Specification

in Ethopia by basin based on WMO

ton _—
IS‘}{‘J {.\J: Ef{t;g.rn"n = Ares ()’ # meeorological snooas Tota! # hydrometric stations ‘ Tota!
Momt | Pl | And | Momt Aa | Ard Mot | Fla | Ard
1 | Bl Nile 142400 | 60800 §T0-1424 | 8102 §E1526 T 1341 | B4 . 168-516
1| Ruft Valley Lakes | 35009 | 13730 | - 15630 | 160 | - 4 | w0 | 6N . {5144
} | Avny W01 | DS | 9T | W66 [ s | 1 | Howsr | 32| 30N | 48-197
4 | OmoGhite miT ) WBs | - 17640 | 1958 | - 25498 SRS E 38182
§ | Geale-Da W00 | 10412 [ 26400 | 157353 | NSAT6 [ 28| mesEr | 4031 | 43106 | 246 | 8540
6 | Bro-Aksto US| 49586 | - %5 | 5583 | - 156329 | 8.8 | w080 | - 4131
T | WikiShebels 33505 | 152682 | 16400 | 13S-M36 | 170258 | 210 | 307602 | 34112 | 6153 | 14 96-26
P | Teheze s4821 | 3580 | - 20843 | 3959 | - 209605 | 35183 | 1436 | - 69-219
9 | D) TH | 08 [0 | 31aE 347 | £ 661 [ 1228 | 23§ n8
10 | Meeb-Gsh 12643 | 11285 | - Sl s | - &1 143 | 512 15-53
11 | Ozdn : il . 1514 15N PO strems
12 ] Ayshe - m - 12 8] 0O sreTs
Tetal number of statioas requlred 1I99-5428 6141798

these schools are fit and considered for
station establishment from hydrom-
eteorological characteristics and opera-
tional point of view, there could be
more than 5,000 additional meteoro-
logical stations.

Instruments such as raingauges,
wind vanes, thermometer can be sup-
plied by NMSA preferably locally
manufactured in metal workshops. Re-
gional governments and/or the respec-
tive development associations better be
responsible  for data acquisition
through the respective regional educa-
tion bureau. The school director can
assign staffs or students for observation
and supervise the data acquisition in
the station located in histher school
compound. It is better if incentive is
provided to the data observers by the
respective  regional  governments.
However, simple and standardized data
sheets should be prepared by NMSA
and distributed through the newly
opened regional NMSA branch offices.

Daia observed by the individual
schoals will be transmitted to regional
NMSA branch offices. The collected
data can be processed and verified
based on the data from the stations
which are already operated by NMSA.
Detailed year books will then be pub-
lished region-wise and summary year
books published al federal level.

Data acquisition in the schools will
have three major purgoses: (i) for up-
grading meteorological network den-
sity, (ii) serving as a practical demon-
stration center in the schools for stu-
dents leaming science and geography
subjects, and (iii) for awareness cre-
ation on the importance of hydrom-

eteorological data for socio-economic
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development by combating droughts
and desertification in Ethiopia. In fact
there were meteorological data acquisi-
tion practices in the schools in previous
times.

Other promising sites are religious
centers (churches and mosques). It is
known that in most parts of Ethiopia
every village has church and/or
mosque. Therefore advantage can be
gained from this condition in upgrad-
ing the existing meteorological net-
work. According to the 1994 housing
& population census report by CSA,
more than 17,000 peasant association
are available in Ethiopia. If the average
(50%) of the total number are fit and
considered for station establishment
from hydrometeorological characteris-
tics and operational point of view, there
could be more than 8,000 additional
meteorological stations. Observations
could be made by server of the
churches or mosques who are able to
read and write with incentives provided
by the regional governments. The data
transmission, processing and verifica-
tion will be conducted in a similar man-

ner like that discussed for schools. '

However, there will obviously be du-
plication of stations when schools and
religious centers are used jointly.
Therefore, further research is necessary
based on meteorological and opera-
tional characteristics of specific areas
to come up with the appropriate meteo-
rological network density.

If the above discussed strategy is
positively considered and justified by
further research, Ethiopia could not
only meet the WMO recommendations
for meteorological network density but
also will have a denser network with

minimum cost and within 5 shorey
riod of time. Some Africap cﬂunm:
like Zimbabwe follow simjla, Strat:'
gies of data acquisition, For CXarnp];
Zimbabwe with a total geogmphic@;
arca of 400,000 (km)2 has more theg
1,100 meteorological stations Wwhich
are operated by the official meteqy,
logical agency, schools, religious cep.
ters, commercial farms, etc. (DOMs,
1981).

The installation of instruments apq
demonstration of observation readings
can be conducted by senior college si-
dents in engineering and related sci.
ences during their three months sum.
mer vacation with incentives provided
by -the respective regional govem-
ments. All round assistance can be ob-
tained from international and local
NGOs, CBOs, and UN organizations,

4.Proposed Strategy to Upgrade

Hydrological Network

Effort made by the HSD of MOWR
is satisfactory towards achieving the
WMO’s recommendations for hydro-
metric nerwork density. However,
small-scale WRD projects also require
information about the hydrological
characteristics of smaller ungauged
streams. Therefore the target should
not only be in achieving the WMO rec-
ommendations in the case of stream
gauging.

Based on the country’s socio-eco-
nomic policy, the agricultural sector
has been given high priority. For this
purpose, skilled personnel are assigned
to several peasant associations in more
than 600 districts of the country for the
implementation of the various agricul-
tural extension programs by the Minis-
try Of Agriculture (MOA). Stream
gauging stations can be established in
sites identified by nver basin master
plan studies or new sites which can be
selected by a hydrometeorological
team in the respective regional govemn-
ments. A regular observer with incen-
tives can be supervised by the exten-
sion workers of the MOA. The data
acquisition and transmission can be
done through either MOA or MOWR
branch offices to the eight regional
branch offices of the HSD of MOWR.
Groundwater observation wells can be
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Hydrometeorological Network

established and the observation read-
ings can be handled by the personnel of
the various agricultural extension pro-
grams. In this regard use of existing
private hand dug shallow wells and ex-
isting deep wells is advantageous.

The same strategy like that dis-
cussed in the case of meteorological
network can be followed for the estab-
lishment of stream gauging stations.
However, since stream gauging sta-
tions require relatively more expensive
infrastructure, as much as possible
equipment and appurtenant structures
berer be locally manufactured and
preferably be pre-fabricated materials.

5. Conclusion

Ethiopia's climate is characterized
by high rainfall variability. It is known
that rainfall is also affected by various
topographical factors such as orogra-
phy, continentality, topographic trend
distance, aspect, slope, etc. (Abebe and
Savenije, 1995). The effect of these t0-
pographical factors on hydrometeoro-
logical elements is significant for
mountainous countries like Ethiopia.
This makes the hydrometeorological

network costly and operationally diffi-
cult.

The existing total number of meteo-
rological stations in Ethiopia which are
operated by NMSA of MOWR are
about 832, The corresponding WMO
recommendation is in the range of
2399-5428. To achieve the lower, av-
erage, and upper limits of this range,
NMSA should show considerable ef-
fort by increasing the existing number
of stations by nearly 3, 5, and 7 times
the existing number of stations, respec-
tively. In fact these targets are far
reaching if NMSA follows its tradition
of establishment of new stations, How-
ever, if the rigorous strategy proposed
in this paper is implemented, Ethiopia
can have more than about 5,000 and
8,000 additional stations in schools and
churches o mosques, respectively.
This will enable NMSA not only to
achieve the WMO norms with least
costand shorter period of time but also
will create a good opportunity for its
staff to concentrate on data processing
and analysis ang prepare handbooks,
Year books, nomograms, empirical re-
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lations between the various hydrom-
eteorological elements, etc. using the
collected data,

The total number of stations ac-
cording to the strategy proposed might
seem very much in excess of the WMO
recommendations. However, this
dense network will be operated for
about 5 to 10 years and several stations
can be abandoned after the hydrom-
eteorological characteristics of the
country are well understood by re-
search activities,

The other alternative 10 upgrade the
meteorological network is by using re-
mote sensing techniques such as
ground radar and geostationary meteo-
rological satellite measurements. Since
1997/98 a joint USA-Japan satellite
mission on Tropical Rainfall Measur-
ing Mission (TRMM) at Goddard Dis-
tributed  Active  Archive Center
(DAAC)isa break-through in the field
of remote sensing for rainfall measure-
ment. However, for poor countries like
Ethiopia, the monetary constraint and
capacity limitations will hamper the
larger scale use of this alternative.
Therefore, the proposed strategy is still
the most attractive alternative for
Ethiopia.

The existing total number of hydro-
metric stations in Ethiopia which are
operated by HSD of MOWR are about
507. The corresponding WMO recom-
mendation is in the range of 674-1796.
To achieve the lower, average, and up-
per limits of this range, HSD should
show considerable effort by increasing
the existing number of stations by
nearly 1.5, 2.5, and 3.5 times the exist-
ing number of stations, respectively.

" However, if the rigorous strategy pro-

posed in this paper is implemented,
Ethiopia not only will achieve WMO’s
recommendations but also will have a
denser network which will create an
adequate hydrometeorological data
base system for planning, design, con-
struction and operation of small-, me-
dium-, and large-scale WRD projects,
Moreover, staffs in HSD of MOWR
will concentrate not only on data acqui-
sition and processing but also on the
preparation of handbooks, year books,
nomograms, empirical relations be-
tween the various hydrometeorological
elements, etc. using the collected data.

Principal recommendation concern

_

integration of meteorological and hy-
drological network planning and analy-
sis, increased emphasis on the use of
physiographic models, consistent ap-
plication of benefit-cost analysis and
the development of a classification sys-
tem for representative results. There-
fore, the hydrometeorological nerwork
design should follow a multi-critera
analysis.
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Abstract

Agriculture, being the economic staple of sub-saharan Africa, sound watershed management for sustainaple .
cultural production is of major importance.The ¢ Catchment Approach” a participatory methodology towardgsa
watershed management is described. Experiences are drawn from the National Soil and Water Consef\;::l‘nﬁ
l‘rorg:r;.nnmc of the Ministry of Agriculture in Kenya, focusing on Tharaka- Nithi District in Eastern Province, "

' ._I his paper is an outline of watershed management activities in two catchment areas taken as case studies in ty,
different agro-ccological areas in the District. :
_ The impr.)rlnncc of involving the land users through use of PRA in technique/ project identification, planning ang
implementation to ensure ownership and hence proper operation and maintenance for sustainability is emphasised,

In summary, the following are the findings from the two case studies:

_“) Use of PRA in participatory watershed management techniques development where farmers/land users’ inno.
vations are improved for sustainability, e.g. The water jars are an improvement of the traditional clay pots.

b)

Involving the land users or farmers in any watershed management technique identification, planning and

"'“Plememﬂf.mn . ensures ownership and hence proper operation and maintenance for sustainability, e.g. The opera-
tion and maintenance of the soil and water conservation structures is done by the farmers without problems and,
¢)  The willingness of the land users to participate in any watershed management practices for success, however

dcpcnfls on their economical statvs and the direct impact they have on their lives. With some assistance and
sensetization, the farmers can do great things for themselves.

1.0 Introduction

Watershed management is a con-
cept which is gaining populariry m the
management of soil and water for in-
creased and sustainable agricultural
production. Agriculture is the eco-
nomic staple of sub-saharan Afrjca,
and agricultural production will be in-
creasingly important to her citizens (Lii
lundgren & Geoff Taylor - From Soil
Conservation To Land Husbanry,
Guidelines Based On SIDA Experi-
ence). Agricultural production in tum,
depends on the sound management of
soil and water resources.

The area drained by a river and its
tributaries is known as a river basin or
catchment area; and the boundary of
the catchment area is usually formed by
the crest line of the sorrounding high-
land called the watershed. A water-
shed separates one catchment area
from the next.(R. B Bunnett-Physical
Geography). In the National Soil and
Water conservation Programme
(NSWCP), a programme implemented
by all the districts in Kenya, a watershed
is synonymous to a catchment area.

This paper describes the catchment
approach, a participatory methodology
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towards sound watershed management.

Further, the paper describes
Tharaka Nithi District in terms of loca-
tion, agroecological zones, soils and
rainfall. Two case studies have also
been taken from different
agroecological zones of the district.
The purpose of taking the two case
studies is to outline the differences in
watershed management activities in the
two.

Through Dryland Agricultural Re-
search Programme (DAREP) at one of
the ASAL stations in the district, it has
been established that water conserva-
tion, management and harvesting leads
to increased crop yields but adoption
by land users is low. This is due to re-
search ignoring the land users’ partici-
pation and recognition of the tradi-
tional techniques. Before initiating any
water resource development project,
views regarding water conservation,
management and harvesting should be
sought from the beneficiary commu-
nity through a PRA.

2.0 Catchment Approach Strategy
The Catchment approach is a strat-

egy used by the National Soil and Water
Conservation Programme (NSWCP), since

1987/88 financial year in all the dis-
tricts in Kenya in reaching out to the
farmers/land users’.

A catchment area is a focal point of
learning and extension. The catchment
approach focuses on well defined
catchment areas where all farmers un-
dertake soil and water conservation ata
given time.

The catchment areas to be worked
on are identified early-about nine
months prior to implementation. The
divisional planning team (DPT-one ag-
ricultural technical officer and two ag-
ricultural assistants) involve local lead-
ers in proposing priority catchment ar-
eas within the administrative division.
As a starting point, the DPT conducts 2
Participatory Rural Appraisal (PRA)
prior to launching of the work in the
catchments. The PRAs give chance to
all members of the community to offer
views regarding soil and water conser-
vation and management and afforesta-
tion / agroforestry among other local
problems. Data collected during the
PRA is analysed problems affecting
farmers/land users ranked in order of
seriousness and a catchment action
plan (CAP) is prepared for further dis-
cussion with the farmers- during (¢
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Watershed Management

catchment launching baraza'{CAP is
the plan of action to address the catch-
ment farmers/land users’ problems}.At
the conclusion of the PRA, i.e. during
the launching baraza, The CAP is dis-
cussed with the farmers and a catch-
ment commuttee(CC) is elected by the
community. In this context a CC is
aken as a committee of elders, men
and women who are ready to co-ordi-
nate conservation/ management activi-
ties (implementation of CAP) among
members of the community without
payments. The work in the catchment
among other things, involves the devel-
opment of a land management plans
(LMPs) to address the specific prob-
lems of each farmer/land user in the
catchment.

In recent years, a number of agri-
cultural extensionists, NGOs and rural
development agents have adopted PRA
that gives chance to all members of the
beneficiary community to offer views
regarding extension and other develop-
ment issues in their area.

The overall goal of the programme
(NSWCP) is " increased production
among land users ( Farmers and
pastrolists ) through sound land hus-
bandry”. Incorporating sound soil and
moisture ( water ) management, land
users attain increased agricultural pro-

duction and hence improved. living
conditions.

3.0 Tharaka Nithi District.

The district lies in Eastern province
of Kenya on the windward side of Mt.
Kenya. It has varied agro-ecological
zones ranging from upper highland

(UHO-forest zone ) to lower midland
(LM6-lower midland ranching zone ).

Annual rairfall in the district ranges
from 600 mm to 1800 mm with an an-
nual average of 1500 mm for the upper
zones and 600 mm for the lower zones,

The upper zones (UHO, LH1,
UMI1-UM3 ) have very deep clay to
clay loam soils of moderate to high fer-
tility prompting forest kind of
vegetation.(See Map 1)

The lower zones (LM3 - LMG6) have
predominantly shallow sand loam soils
of moderate fertility and characterised
by grass type of vegetation coupled
with scattered trees and shrubs.

Due to this wide range of climatic
and topographic variation, catchment
areas use different methods of water
shed management depending on their
locality,

The district has a potential in water
conservation, management and har-
vesting structures. This can be clearly
seen from the examples below and two
catchment areas taken as case studies;
one in the upper high rainfall zone and
the other from the lower low rainfall
zone. '

Some of the water conservation
harvesting and management activities
carried out in the district either by
farmers themselves or by projects (col-
laborators) which emphasise the im-
portance of local community involve-
ment include; -

a)Tied ridges for the growing of
maize and millets- These are contour
ridges dammed with small ties down
the slope to prevent runoff flow from
one end of the field to another. The ties

Source: Ralph Jaetzold & Helmut Schmidt-Farm Management Hand Book, Vol
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increase surface storage of rain water.
This is practised in all agroecological
zones but more by the farmers in the
ASAL areas of the district.(see figure I)

b)Rock catchments- Kireru rock
catchment in Tharaka South division
(an ASAL area ) is a good example
where rain water is harvested from the
rock to the side stone gutters, through
the sieves then to the two storage ma-
sonry tanks from where it is taped to
water kiosk for washing and other do-
mestic uses. This is a very successful
and a well managed structure due to the
use of the traditional (local) knowl-
edge, expertise and management prac-
tices of the land users. (See figure 2)

¢)Gully control- This is wide spread
activity in the district which involves
use of check dams to control the speed
of runoff and hence increase infiltra-
tion and encourage deposition for the
gully healing. These have been very
successful where the local community
has been involved and vise versa where
not. Gully control at the Kathwana soil
conservation site was successful but
maintenance of gabbions lacking be-
cause the local community was not
fully involved.

d)Basacha sand dam(in ASAL)--
This was constructed by building a
stone barrier across the basacha sea-

-sonal stream. The barrier was meant to

harvest water storage sand whose water
was channelled to water kiosk for do-
mestic and livestock use. The structure
was however destroyed after comple-
tion due to not involving the commu-
nity at all levels. '
e)Bore holes/shallow wells These
are sunk by the Tharaka water and sani-
tation project in the ASAL areas of the
district and dug by individual farmers
in other areas. They are good in supply-
ing water for livestock, domestic and
kitchen gardening. To some of bore-
holes sunk by the project operations

" and maintenance is at the balance once

the project winds up due to low com-
munity participation.

f) Spring protection/development.
This is a practice scattered all over the
district. The farmers/land users were
involved at all levels protection from

- identification, planning and implemen-

tation. They have spring protection
committees who oversee smooth op-
eration and = maintenance for
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sustainability. ~ Examples

include;
Kijege, kaauni and kanyuru springs.
(see figure 3)

3.1 Case Study 1: Thigaa Catchment

Introduction

Thigaa catchment is in Mwimbi Di-
vision. It is in the agro-ecological zone
Um?2

(Main coffee zone) and covers an
area of abour 4km2 with abour 200
farms. The average slope is 30% due to
the presence of Thigaa hill which is
about 55% slope but cultivated.

The average annual rainfall is
1200mm and is bimodal. The soils are
red sandy loam which are very erodible.

The population density is about 500
persons per km2 with an average fam-
ily size of 7 persons.(Map 2)

After the PRA data analysis, the
following were found to be the major
problems in the catchment;

a)Low yields leading to low incomes,

b)Poor road conditions- the roads
were impassable due to rill erosion
caused by road runoff, surface runoff
from Thigaa hill, shopping centre and
farms. This led to difficulties in taking
the farm produce (coffee, milk and
other foodstuffs to the markets and,

¢)Insufficient distribution of water
TESOUrCeEs,

To address the above problems, the
CAP involved developing the follow-
ing land management plans;

1) Fanya juu terraces--these are
made by digging a trench and throwing
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aa catchment file, Mwimbi Division.

the soil uphill to form an embankment.
They are mainly level terraces with
napier grass on the embankment for
stability. The trench harvest rain water
and the embankment reduce the runoff
and hence water infiltrates into the soil
profile,
2)Napier grass strips-- napier grass
is planted on marked structures instead
of digging fanya juus due to lack of
capital or labour. the strips reduce run-
off and hence increased infiltration
3)Trash lines -- on the marked
structures in newly opened farms be-
fore putting permanent structures. The
trash reduce runoff, increase infiltra-
tion and when it rots increases soil fer-
tility.
4)Retention ditches/channels-
mainly below the homesteads to har-
vest and retain the runoff from the
same. The water then infiltrates into the
soil.
5)Cut off drains--these are mainly
for diverting runoff from other farms
and roads to natural waterways, It is
however not a popular practice because
farmers want to retain all the runoff in
the farms for crop production.
6)Cultura] measures. Examples are;
-Use of cover crops--beans, sweet
potatoes and napier grass are used as
cover crops. Cover crops increase infil-
tration and hence reduce erosion,
-Contour farming-- all land opera-
tion activities are carried out along the
contour. The small ridges created helps
trap rain water and allow it to infiltrate,
thereby reducing surface runoff and

*——“M. J. Minvnn

erosion,
t.l.-Early Planting.-emy play
u J Py
lise well the firg Paing edcrups

and protect the groung qui'clsdﬁots fay

raindrop impact hence redug BBaing,
and increasing infiltratjop g Tungy

-Conservation tillage..
have been useq for weedip
able farmers. Thjs ma
structure, increase
hence reduced runoff
they increase soi] nyt
fertility.

7) Coffee box terraces wigh muc),
ing -- every one or two tree stumpg ;r-
enclosed in a box of soj] bunds, The:
harvcsl the rain water in sity, increas:
Infiltration and hence reduce runoff.

8)Soil  fertility maintenance/ip,.
provement practices,

“Use of FYM ( Thuwmu). The ap;.
mal droppings and beddings are swep
into a pit where it rots, mrned severally
for some time after which it js removed
and hipped somewhere and covered for
further curing after which it is aken o
the farm to increase the organic matter
content in the soil and hence fertility.
Organic matter improves soil structure
and water holding capacity.
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Fig.1 Tioed ridges for the production
of millets in the lower zones of the
district
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“Mulching —~ mazinly in coffee
fzrms. This 15 done by use of weeds,
crop residuss and zzroforestry tree cyr-
m:gs These protect th2 ground from
raindrop impact, increase infiltration
and when they roy increases the or-
ganic mener znd hence fentility into the
soil

“Intercropping other crops with le-
guminous plants such zs beans (le-
gumes fix nitrogen inwo the soil)

“Crop rotation— maize which can-
not cover the ground well is rotated
with bezns or sweet potatoes which
covers the ground well zgainst raindrop
impact 2nd hence runoff.

9)Estzblishment of tree nursery and
pulking plots

“The caichment tree nursery has
razised both forest and fodder
(czlliandra) tree seedlings. This has im-
proved agroforestry and fodder pro-
duction in the catchment. Trees check
wind erosion, toots hold the soil par-
ticles well against being detached by
runoff and leave droppings increase the
organic matter in the soil once they rot.
Fodder improves the quality of manure
for soil fentility.

“Bulking of sweet potatoes and
climbing beans both for cover cropping
for increased water infiltration and
hence less runoff has also been done.

10) Organic farming pits(marima
ma urimi) for the production of kales
Pits of 60 cm2 are dug. The top soil is
mixed with FYM and put back to the
pit for the production of kales whereas
the sub-soil is put on the upper side of
the pit to form a soil bund which acts as
a soil conservation structure. The pits
also harvest water in situ which infil-
trates into the soil profile.

NB: Adoption of the above 10
structures is 70%.

11) Road improvement, road runoff
control and harvesting;

“The community has done 3 km of
various sections of the roads to be able
to market their farm produce, hence in-
creased incomes.

“Road runoff is controlled and har-
vested after short intervals into the
farms for crop production. Harvesting
channels convey runoff into coffee ter-
races and napier plots.

12)Spring protection -kaauni spring
is in the process of being protected to
supply clean water for domestic use.

Water 3(1) April 2000

The beneficiaries were involved zt 2l
!wels— identification, plzanning and
implementation  for ovwmership znd
hence proper operation znd mzinte-
nznce

13) Piverbany protection -- the por-
tion of river Mzrz znd other streams
haf: their banks well protecred by
leaving the natyra] vegetation and
planting napier grass (for livestock
feeding) 1o zvoid riverbank erosion,
(see fizure 4)

14) Roof water harvesting — most
farmers (20/4,) harvest rain water from
iron sheet roofs into 200 litre drums
due 1o high cost invalved in construct-
Ing mazsonry tznks. However around
10% of the farmers have masonry
tznks. The 200 lire drums cost Ksh
1000 (315) whereas an average 2000]i-
Ire masonry costs around Ksh20,000
($300). Roof water harvesting reduces
runoff from homesteads (see figure 5)

15)Shzllow wells -- these have been
dug by around 10% of the catchment
farmers to provide water for domestic,
livestock and kitchen gardening.(see
figure 6)

In summary, the farmers have
stated that, the yields of various crops
have substantially increased, hence im-
proved incomes, road network has im-
proved and marketing of farm produce
is nowadays easy. With the protection
of kaauni spring, the few shallow wells
dug by the individual farmers and the
roof water harvesting techniques
adopted, the water resource distribu-
tion has also been substantially im-
proved.

3.2 Case Study 2: Rwakinanga

Catchment

Introduction

Pwakinanga caichmem is  in
Thzraka Centrzl Division. It iz in the
agro-ecological zone LM4(marginal
cotton zone) znd covers zn zrez of
about 9km2 with zbout 90 fzrms. The
averzge slopz is 6%.

Source: PRwzkinzngz cachment
file, Thzrakz Central Division.

The average znnuzl reinfzll is
700mm and is birnodal. The soils are
szndy lozms znd clay lozms.

The population density is about 200
persons per km2 with an average fam-
ily size of 6 persons.

After the PRA daztz aznalysis, the
following were found to be the mazjor
problems in the catchment;

a)Soil erosion- by wind due w fell-
ing of trees and hence no wind brezks
and due to up & down slope cultiva-
tion,

b)Felling of trees withour replzce-
ment,

c)Insufficient water sources and,

d)Poor soils due 10 the following;

-burning of FYM manure and non
application of inorganic fertilisers and,

-burning of trash after harvesting.

To address the above problems, the
following land management plans have
been carried out;

I)Fanya juu terraces, unploughed
strips and wash lines,{Explanation as
for Thigaa catchment}

2)Stone lines -- hipping stones
along the marked soil conservation
structures. These increase infiltration
of the runoff and hence reduce erosion.

3)Cultural measures, Examples are;

-Contour  farming. and early
planting{Explanation as for Thigaa

. catchn}grm;:t‘}

4)Soil fertility im-
provement practices,

-Use of
FYM(Thuumu) and 10 a
2 small extent compost is
now very popular with
farmers in the
catchment. {Explanation
as for Thigaa catch-

ment}

P -Intercropping other
AT % crops(e.g., millets) with
T | Triae primey Eked &
Yelat Arini dom i leguminous plants such
HE._ipe Z Scel: [¥] Prove hala.

as cow peas and green
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Fig.2 Rock catchment for domestic use.note the stone
guilers,storage masonry 1anks, the water kiosks, the
washing basins and the series of sieves

grams (legumes fix nitrogen into the
soil) and,

NB: Millets, cowpeas and green
grams are only grown in the fow rain-
fall areas.

-Crop rotation - millets are rotated
with green grams or cowpeas. {Expla-
nation as for Thigaa catchment}

5)Establishment of tree nursery and
bulking plots

_The catchment tree nursery and a
number of private nurseries have raised
adequate forest (rees.. This has im-
proved agroforestry/afforestation in
the catchment. {Explanation as for
Thigaa catchment}

-Bulking of napier, makarikari,
vertivar and kericho grasses for the soil
conservation swuctures - These are
planted either on the marked soil con-
servation structures or on the embank-
ments of fanya juus. {Explanation as
for Thigaa catchment}

6)Banana growing pits (Marima ma
urimi)

Pits of 40cm? are dug. The top soil

is mixed with FYM(7huumu) and put’

back to the pit for banana growing
whereas the sub-soil is put on the upper
side of the pit to form a soil bund which
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acts as a soil conservation structure.

The pits also harvest water in situ
which infiltrates  into the soil
profile.(see figure.. 7.)

7)Road runoff harvesting -very few
farmers Runoff is harvested by chan-
nel to the collecting channel to the dis-

tributing channel then to the planting
basins.(sce figured)

8)Riverbank protection-the water
canal has its banks well protected by
planting napier grass.

9) Five (5) bore-
hole/shallow  wells
(8m deep) with casing
have been sunk by
Tharaka water and
Sanitation ~ Project,
collaborators in this
catchment. They pro-
| vide water for domes-

* tic and livestock use.
The farmers/land us-
ers’ participation is in
operation and mainte-
nance.( fig. 9)

10)Contour ridging-

These are hand and
oxen constructed across the slope. The
crops are planted on the ridges and the
space between ridges form depressions
or furrows in which rain water collects
and infiltrates into the soil profile.

11)Water canal/furrow - The com-
munity have constructed a water canal
from river kuuru to provide water for
domestic livestock and small irrigation
(kitchen gardening).

12)Negarims (V-shaped) for grow-
ing of mangoes, pawpaws, 0ranges and
bananas. .

Negarims are regular squares
turned by 450 to concentrate runoff
water at the lowest comer of the square.
At this comer an infiltration pit is
made, and in the pit a planting hole is
dug and FYM (Thuumu) is put to in-
crease the water holding capacity of the
soil and hence increase its fertility. The
whole square consists of a catchment
area and a cropped area. Runoff is col-
lected from the catchment area marked
by the soil bunds and stored in the
cropped area. In this system, catchment
area to cultivated area ratio is a very
important aspect and has to be estab-
lished basing on the crop water require-
ment (cwr), the design rainfall (dr),

runoff coefficient (c) and efficient fac-

Bt
Fig.3 Spring proiection Sfor domestic
water use.Note extent of protection,

the draw pipes and the law water level

draw pipe.

tor (e). The adoption 1s currently low
since it is a new technique but farmers
have seen its benefit in that they can
grow crops they cannot grow under the
current climatic conditions. [see ar-
tached for derails].(see figure | 0)

13)Roof water harvesting into wa-
ter jars (ferro- cement tanks) and ma-
sonry tanks by very few farmers.

The Canadian Save the Children
(CSC), an NGO has rrained the users
groups on how to construct these water
jars. They (CSC) provide cement,
chicken wire, pieces of GI pipe, and
taps whereas the beneficiaries provide
gutters, sand and labour. :

The jars have a capacity of around
500 litres and can last an average fam-
ily of 6 persons for 60 days , drinking
only (water for other uses is got from
the shallow wells and the canal).

The total cost of constructing one
water jar is estimated to be ksh.5,000
($70) which can be afforded by the or-
dinary farmer even after CSC winds up

natural vegetation of lantana camard

water 3(1) April 2000
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Fig.6 Shallow well for domestic,

Iivestoc and agricultural use. Note the
tomatoes grown using the water

rvesti
harvesting & the ecollecting channels
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vell casing

for domestic & livestok use.Note the
pump & the washing basin

Fig.10 Negarims for the production o
mangoes & pawpaws

its operations in the catchment. In con-
trast, the cost of constructing a 2000 li-
tre masonry tank is around ksh 20,000
(8300) which is unaffordable by the or-
dinary farmer,
Conclusion
The adoption rate for this catch-
ment is 85%. The benefits which farm-
ers say are accruing from this are, soil
erosion is now low, afforestation/
agroforestry improved, water resources
at a reachable distance, and due to edu-
cation on the use of FYM and non-
buming of crop residues, the soil fertil-
ity has now improved and they are
realising high yields.

From the two case studies and the
district in general, it has been noted and
concluded that it is important to in-
volve the land users or farmers in wa-
tershed technique identification, plan-
ning and implementation to ensure
ownership and hence proper operation
and maintenance for sustainability. Of
great importance also is to recognise
and utilise whenever possible and ap-
propriate, the traditional (local) knowl-
edge, expertise and management prac-
tices of the land users.

3.3 Limitation/constraints

The following have however been
the constraints in the implementation
of watershed in the districr;
a)Non-implementation of the recom.-
mended LMPs by some laggard farmers,
b)Farmers expecting more than the
project can offer such as asking for an
irrigation scheme and,
¢)Failure by some of the collaborators
to meet their commitments and requests.

Conclusion

From the two case studies, it can be
concluded as follows;

1. Due to the sound watershed
management adopted by farmers in the
two case study catchments, crop yields
have increased substantially, soil ero-
sion managed, water sources at reach-
able distances, incomes of the commu- *
nities improved and hence their living
standards,

IL. It is of paramount importance to
involve the farmers/land users in any
watershed management practice/tech-
nique development through the use of
PRA where their innovations are im-
proved for sustainability.

IIL.Involving the land users/farmers
in any new watershed management
technique identification, planning and
implementation ensures ownership and
hence proper operation and mainte-
nance for sustainability, and

[V.With some form of assistance
and education, the land users/farmers
are very willing to participate in any
watershed management technique due
to their difference economical stamus.
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Drainage df Irrigated Agriculture in Ing,
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Recent efforts in the post independence era to improve the drai
have been described in detai, These efforts include the

Abstract

nage condition of irrigated agricult
adequate provision of fund for drainage comp

Ure in Iﬂ i
onent gf

irrigation project, a network of well coordinated research activities under Indian Council of Agricultury Reseq !
I

and other state Agricultural Universities and adequate train
the Indian industry is capable of providing drainage materi
various equipment required for drainage construction.

Introduction

Agriculture occupies a key position
in the Indian economy because of jts
contribution 10 overa]] economic
growth through supplies of food, raw
materials and exports. It js a source of
livelihood for a majority of the popula-
tion and provides a large market for
non-agricultural goods and services, It
contributes about 40% (o the gross na-
tional product and provides employ-
ment to over 70 percent of the working
Population. However, it has often been
observed that the Indian economy fluc-
tuates with the agricultural production
in the country, which in tumn, depends
heavily on the monsoons which are of-
en very erratic i.e, untimely, inad-
equate and non-uniformly distributed.
Sustained agricultural production over
a period is very effective in controlling
the consumer price index even if there
is drought in some parts of the country
for 2-3 years (IMTP, 1988). Thus both
irrigation and drainage have to play
very important role in protecting and
stabilizing agricultural production in
the country,

Status of Irrigation and

Drainage

After independence, India adopted
the policy of planned development be-
ginning in 1951-52. Agriculture was
given very high priority and therefore,
irrigation development was given a
boost. By the end of seventh five year
plan (1985-90), an irrigation potential
of 80.80 million ha has been developed

as against 22.6 million ha in 1951. The
target for the ultimate irrigation poten-
tial is 113.5 million ha which is to be
achieved by 2010 AD. However due to
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the zeal to create more and more irriga-

tion potential, the due attention was not

given 1o the drainage aspects of agri-
culture. This resulted in waterlogging
and salinity problems in many irrigated
areas. Table - 1 shows the command
deficiencies in projects visited by the
central team on water utilization
(CWC, 1980). In this Table itemno 5, 8
» 9 and 16 indicate the urgent need for
drainage in irrigated  agriculture.,

ing programmes through State Training Institutes STy
als e.g. clay tiles, concrete tiles and plastic Pipes ang als}ul

Bhargava (1988) has estimated g, an
area of 6.0 million ha suffers from pay.
tial or full waterlogging conditigns and
about 7 million ha is affecred by soy
salinity and alkalinity mostly due 1
poor drainage. A state-wise break wp
of waterlogged area is as given in Taple
2. Also the area under salt-affected
soils has been given in Table 2 and
Fig.-1. Except for most parts of Bihar,

Table - | Command Deficienc

Utilization (CicC, 1980)

West Bengal, Orissa and Kerala, the

les in Projects Visited by Central Team on Water

SL. Deficiencles In Irrigation Projccts Number of
NO deficient projects
out of 25
Engineering
1. | Reappraisal of available surface and return flow from 16
Irrigation
2. | Pumping of irrigation water and its effects 2
. 3.. | Silting of reservoirs, conducting sedimentation surveys 11
" and measures to prevent silting ‘
4.. | Insufficient number of hydrological and rueteorological 4
stations in command and catchment areas
5. | Excessive seepage and need for determining it. Lining of canal 22
is required 3
6. | Tail reaches do not get enough irrigation water 5
7. | Absence of conjunctive use of ground and surface water 18
8. | Inadequate drainage system and waterlogging 19
9. | Salinity in soils and ground water 7
10. | Bad maintenance of canal system 19
1. [Improper operation of reservoir and canal system 10
12. | Canal cannot carry design discharge 5
13. [ Insufficient canal structures and their improper maintenance 13
14, [ Lack of communication facilities in the command 12
15. [ Lack of field channels and proper maintenance 11
16. | Improper water management 25
-Agronomy . 39
[7. | Improper cropping calendar and cropping pa!!em x
18. | Lack of research to determine the water requirement of crops 1
19. | Lack of rescarch to determine suitable types of crops to suit the 17
soils in the command 1 ) :
20. | Poor extension services, lack of pilot projects, demonstration 2
farms, etc. 5 4
21. | Lack of detailed soil surveys of command areas 1 J
22. | Excessive application of irrigation water to crops 10

* : Presumably at the (ail of the distributory, not of water course and even then tl;r;
seems low, At the tail of the water course, this Sfigure would certainly be

(WALMI, 1989), :

Sigure
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Table 2 : State-Wise Distribution of
warerlogged Area in India (Bhargava,

1998)

o Waterlogged Salt nffected
. area (lo * 000 ha) | Area (In *000 ha)
b 1090 404
e 620 526
B 810 1295
yE 1" 1
o 348 728
Rafas e 484 1214
iy 57 242
“r ’I' rmataka 10 404
AP 111 240
(ah: 339 534
ra

]‘:'\142‘:!“ 1850 850
i 60 688

Tamil Nadu 18 4
Kerla 61 16
Declhi 1 16

Jammu and 10 -

Kashmir _ -
Total: | 5,986 ~ 6 million | 7,165 ~ 7 million
ha ha

waterlogged area is situated in arid and
semi-arid states of the country, where
irrigation has been developed in the re-
cent years.

The happy development in food
grain production has been associated
with increase in the irrigated area, fer-
tilizer consumption and the area under
high yielding varieties as shown in Fig
2. However, the overall productivity in
the irrigated areas remains quite low as
shown in Table 3.

Command Area Development

Programme

One of the most important steps to
enhance the agricultural production is
the Command Area Development
Programme (CAD) which is sponsored
by the central Governments with equal
Participation of the State Governments.
Currently this programme covers an
area of 17.3 million ha in 130 irrigation
Projects in the country. The important
activities of CAD programme are; con-
struction of field channels including its
lining in vulnerable reaches, land shap-
ing and land grading, systematic
Programme of land consolidation, farm
T0ads, field drains and intermediate
drains, Much emphasis has been given
!0 the construction of field drains and
Intermediate drains, Therefore, yields
are supposed to be improved through
etter soil and water management prac-
tices besides other measures e.g. cred-
1ts, marketing facilities etc. In some
ommand areas surface ditches of 2.0
m depth have been constructed to serve

both as a surface drain and subsurface
drain,

Water 3(1) April 2000

Table - 3 Production Leyels Jor Rice

and Wheay Crops in India (IMTP,
1988)

Crop Year

1951-52

h~‘_'_-__
198384 198990
Rice —
308 81215 (Inigated)
668 | 148

2370 [ Imigated)

225 [Unirrigated)
N3LO [Unimigated)
44.0 [Total ]

1682.0 [Average)

Whea

<> <> <>

9.1 245

. 229 (Imigated)
665.0 1851.0

2100 (lmigated)
3.1 (Unirrigaled)
1058.0 [Unimigaled)
28.0 (Tolal |
2000.0 [Average)
A Areainmillionha, Y : Yield inkg/ha

<>

Vertical Drainage

In canal irrigation areas, because of
continuous and intensive application of
surface irrigation, the subsoil water
table rises up resulting in waterlogging
and salinity hazards. These can be pre-
vented by withdrawing water from
ground water also, which will lower the
water table and reduce the soil salinity
and waterlogging hazards.

In areas where ground water is
brackish and has been rising fast up-
ward, conjunctive use of surface and
ground has special importance. The up-
ward rising trend of saline ground wa-
ter can be controlled by installing aug-

mentation tube wells and the saline wa-
ter can be mixed with cana] water for
making its use for irrigation.

In any tube wel] drainage scheme,
the following aspects of water quality
vis - a- vis depth is considered :

In order to find out the aquifers 1o
be tapped, investigations in respect of
depth of aquifer and water quality is
carried out by extensively covering the
project area.

If the water quality varies with
depth, only those aquifers which are
with good quality water are tapped ,
provided these aquifers are connected
to water table .

In case fresh water floats over sa-
line water, installation of skimming
wells is preferred.

Vertical drainage has been pro-
vided with the installation of shallow
tube wells in some of the command ar-
eas of India. Thus the conjunctive use
of ground and surface water is prac-
ticed to form a dynamic equilibrium
condition i.e. to maintain the constant
depth of water table. Where the ground
water is saline, mixing it with good
quality surface water has also been
tried successfully. A few examples are
as described below:

Gandak irrigation project is an in-
ternational major irrigation and power
project involving Bihar and UP states
of India and adjacent portion of Nepal.

: D

ARAIMT RA
=4 N
;';" - X2

Y M ADMYA PRADEL AN

E-:_- Intard Saline uoils
% Cosatal Ssune soils

Iindia

SALT AFFECTED S0OILS

Sedic solis

Fig.1 Salt-affected soils of India (Source CSSRI,Karnal,1986)
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Fig 2 Progress of food production,
irrigation development,area under
high yielding Varieties (HYV) and
Jertlizer use India (Source-Randhawa
and Rajpur 1986)

In the eastern UP portion of the project,
irrigation was first started in 1971. The
depth of ground water table was high
i.e. 3 10 4 m below ground surface and
showed a further sign of rise. There-
fore, surface drainage system was
planned in the area, but very few field
drains could be constructed due to ex-
tremely small sizes of land holdings.
Hence, it was decided to have vertical
drainage system in the area 10 conwol
the rise of ground warer table consist-
ing of 2000 such tbe wells. Since the
ground water is of good quality , the
water from these wbe wells is used for
immigation (Western Gandak Canal
Table 4 Norms For Categorization of
Waterlogged Areas in the States of
India (Navalawala, 199])

SLNo Name of State Water Table Deplh
_‘ ’ below Ground leve) (m)
I | U.P. (Sharda Sabayak project ): ] ’
; Worst zone ! <1
Bad z0ne ! .
l Alamming zone | 2.3
| Safezone ‘ >3
2 | Poojab:
Very Critical 0-15
Critical 0-20
3. |Haryana:
l Critical Waterlogged 0-15
Chitical 15-3
4 | Karnataka (Tungabbadrs 0-2
) Command): !
s I Himachal Pradesh: ’ 0.2
6. (Mabarastra:
Fully Waterlogged Water al ground surface
Waterlogged 0-12
102

Project Report, 1986). '

In the state of Haryana which is
situated in the semi-arid /arid zone of
the country, the ground water is brack-
ish. Therefore, a system of skimming
wells has been tried with good results.
Water pumped out from these skim-
ming wells are mixed with canal water
and used for irrigation. Similar efforts
have been made in Punjab also (WTC,

1987).
Research Efforts in Drainage

The need for drainage in the present
context was realized as early as 1865
when for the first time the then Govern-
ment of Punjab drew the attention of
the then Governor General to the seri-
ousness of the problem of reh and usar
in the canal commands. In 1876, the
problem of soil salinity was reported
from Uttar Pradesh and at about the
same time from Nira canal command in
Maharashtra. Alarmed by the exodus
of population from Amritsar (Punjab),
a tubewell drainage. experiment was
started with 16 tubewells of 0.0425
cumecs capacity each. Experiments
were also laid out on tile/pipe drains in
Maharashtra and Punjab. Comprehen
sive work on drainage was carried out
in Maharashtra leading to compilation
of observations and design techniques
in the Technical Report No. 56 submit-
ted to Maharashtra Government in
1937. The report is still referred to for
drainage design in the state. A subsur-
face drainage research Institute func-
tioned at Ibban (now in Pakistan). The
Royal Commission on Agriculture
(1928) mentioned “Now lessons have
been learnt and in all future irrigation
projects, drainage will form an essen-
tial component”. However, observa-
tions were mainly confined to papers
and irrigation projects continued to be
commissioned without proper provi-
_sions of drainage, even after indepen-
dence. The concept of irrigation and
drainage to go together was religiously
emphasized by the second National Ir-

. rigation Commission (1972) and Na-

tional Commission on Agriculture
(1976). Several surface drainage
schemes in existing irrigation projects
were laid out mainly as flood control
measures and they provided some: re-
lief to agricultural lands. Because of
realization on the part of the agricul-

e —— L E. R(]v'

tural scientists .lhat farm drajn, .
subsurface drainage wijj] i Be ayg
portant role in the solution Dfi)ra“ Im.
.rclmcd to waterlogging ang $0j
ity, large number of smal] s¢4
ments were carried out by var
utions throughout India as
below:

The major research efforts oy agri
cultural drainage are being madp‘
through the state agricultural unjygg;.
ties, various research institutions undey
the Indian Council of Agricultural p.
search (ICAR), various siate training
institutes i.e. water and land manage.
ment institutes (WALMIs) and irriga.
tion .management lramning institutes
(IMTIs) eic. Some of the imporant
topics of research on drainage arc :

-tolerance of various crops and crop
varieties including paddy to submer-
gence and high water {able conditions.

-Estimation of drainage coefficient
for different areas and crops. Gupta et.
al (1971)developed drainage coefli-
cients for surface drains for different
parts of the country.

-Subsurface drainage design crite-
ria (CSSRI, 19806)

-On farm drainage methads to meet
the requirements of different crops
(Rajput, 1986)

-Reuse of drainage water for irriga-
tion paddy

-Studies on leaching of salts.

The norms for monitoring ground
water table for estimating the extent of
waterlogged area vary from state 10
state in India as given in Table 4

Central Soil Salinity Research Insti-
tute (CSSRI) Karnal, Haryana is a re-
search institute under ICAR, The our-
put of researches at this Institute has led

to the development of effective and
economically viable rechnologies for
the management of salt affected soils.
CSSRI is also researching design crite-
ria for the tile drainage system and its
effects on crop yields. Some of the re-
sults are as given in Table 5:

Studies were carried out on an ex-
perimental basis to develop design cri-
teria of subsurface drains at Punjab Ag-
ricultural University, Ludhiana in
1966. At Jawaharlal Nehru Krishi
Vishwa Vidyalaya (J. N. K. V. V.),

Indore, experiments were carried out in
1970 - 71 to examine the effect of sub-
surface drains by installing two tile

ub]em‘
| salip.
€ CXperi.
oug Instj.
dCSCdde
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jines of 10 cm diameter and 30 cm long
semi-glazed stone tiles ata depth of 1.0
m and a spacing of 14.0 m. At Pa{u
Nagar, U. P, studies were conducteq in
1972 for finding out the proper spacing
of tile drains (between 15 m to 35 m)
and to develop the design criteria for
ransient state condition. Similar works
nave been done and are under progress
atmany other state agricultural univer-
sities (Chauhan, 1988).

Training Activities

[ndia has developed a very compre-
hensive programme for in  service
training on different aspects of irriga-
tion e.g. operation, maintenance, moni-
toring, soil and water management in-
cluding drainage. State Training Insti-
wtes (STIs) have been established in 12
states with the support provided by
World Bank and United States Agency
for  International Development
(USAID). These Institutes offer train-
ing 10 in service personnel of Irrigation
Departments. Courses on surface and
subsurface drainage aspects are inte-
gral pants  of these fraining
programmes. In 1988, under USAID
supported programme, the lrrigation
management and Training project
(IMTP, 1988) prepared ‘a Handbook
on Drainage of Irrigated Areas in India’
which is being used by State Training
Institutes and many universities for
their teaching and training programmes.

Diainage Materials and

Machinery

: India has its own well developed
industry for manufacturing agricultural
tractors and other equipment. Annual
Production of tractors (15t0 50 H. P.)
has alrready exceeded 100,000. Heavy
mat;hmes used for construction of
drainage works e.g. crawler tractors,
€Xcavators, back-hoes, draglines and
trenchers are also manufactured in the
counwry. Tile drains of both clay and
Concre?e are available almost every
Where In the country. Plastic pipes with
Efrfqratmns are also manufactured in

€ sizes of 25 - 200 mm. Recently, the
Tanufacmring of perforated corru-
Ea‘ed Polyvinyl chloride (PVC) pipes

3 also been started in India. All these

Water 3(1) April 2000

ble" 3 Crop Yields for Different Pipe Drain Snaci
Drain spacing Crop Yl;elt;n(gtjh(gssm i
(m) Sorghum | Mustard Barley | Wheat | Cotton
25 0.8 24 42 49 1.8
50 0.7 2.0 29 4.0 1.6
75 0.4 0.9 2.0 2.5 1.6

manufactured materials are standard-
ized by the National Bureau of Stan-
dard (NBS) which is an autonomous
body in the country with the primary
responsibility of framing standards and
specifications for all kinds of goods
and products.

Conclusions

Important factors which increase
agricultural production in irrigated ar-
eas are proper soil and water manage-
ment, quality seeds, application of fer-
tilizers and other chemicals, credit,
marketing, communication and exten-
sion. Of all these water management is
vital. Poor water management results
not only in lower yields but also in
wastage of scarce water and creates
waterlogging conditions and salt re-
lated problems.

India has made planned and con-
certed efforts in the post - indepen-
dence era to improve crop yields in its
irrigated areas by improving drainage
systems and adopting better water and
land management practices. These ef-
forts are through the concept of com-
mand area development programmes
(CAD). In the new projects, adequate
financial provisions are made for the
drainage works so as to obtain sus-
tained production. All the above efforts
are being well supported with very
comprehensive and integrated research

activities through Indian Council of -

Agricultural Research (ICAR) and
other state Agricultural Universities. A
well coordinated training programme
has also been established with the as-
sistance of World Bank and USAID.
Indian industry is quite capable to pro-
vide materials and machinery of good
quality and standard required for drain-
age construction.
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Warabandi - an Eﬁective Water
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Food security is critically dependent on irrigation and some 60 pe!'cent (t)f |':10 fooadg :)r:ic:lltu‘:)t;?:c;? from irrigateg

: ; i o : 1 operated, many other important man tives e.g. an fayy,
lands in Asia. If water distribution system is wel : : ; o

: : ; fore, high water use efficiency can ined. Warabgp

ater management can be satisfactorily realized and there re, . !

:rigid watef distribution system, is widely practiced in India to encourage farmers to make better us‘e of their Water,

to add more value to their existing supplies and to release water for more pressing |:|ses elsewhere. Th'e waraban.d.’ has

been described in detail with the help of an illustrated example. Ideal sntuatlons. ;?nd the. major .co.nslram(s of

warabandi have also been described. Some important issues related with warawandi like equity and lining of way,

courses have also been discussed.

1.Introduction

Water has always played a central
role for the existence of human being.
It is linked to rituals, superstitions and
attitudes and its administration is
largely political. Global estimates indi-
cate that irrigated agriculture produces
40 percent of the food and agricultural
commodities from 17 percent of agri-
cultural land. This makes food security
critically dependent on irrigation. This
dependence is most critical for Asia
where some 60 % of the food produc-
tion is from irrigated land. The relative
contribution from irrigation varies
from region to region and from country
to country as shown in Table - 1 (DFID,
1997). '

In latter 1970s and early 1980s ,
much attention was paid to the distribu-
tion of water among farmers below out-
lets for maximizing the water use effi-
ciency in India. Sometimes this was
called RWS (rotational water supply)
and sometimes RWD (rotational water
distribution) but the most common
term was warabandi. This system was
adopted in north west India and Paki-

stan since at least the second half of the
" nineteenth century and has been de-
scribed in its contemporary form by
Malhotra (1982). In the present paper,
one of the tertiary distribution systems
Le. warabandi has been described in
detail with an illustrated example.
Apart from this its constraints and
some related issues like equity and lin-
ig of water courses have also been
described.
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2 Existing Water Distribution

Approaches

Water distribution is a two dimen-
sional problem in time and space :
technical, i. e. Planning, design and
operation of water distribution system
and social, i. e. literacy, lack of coop-
eration, lack of effective leadership,
pressures from influential farmers,
vested interests, etc. The main water
distribution methods are the following
(Meijer, 1993):

Continuos flow or proportional
flow : In this method water flows con-
tinuously in the entire canal network
and is proportionally distributed to the
irrigated farm areas. Also the flow is
adjusted to match the changing crop
water requirements during the irriga-
tion season.

‘Fixed flow : It is similar to
continuos flow but the flow size is kept
constant throughout the season.

Rotational or on - off system : In
this method, the farmers receive water
in turn at a pre-determined time and at a
fixed rate. Rotation is also applied
among canals i.e. in turn these will con-
vey either the full flow or no flow at al.

Ondemand: Inthis method, there
is a continuous but fluctuating flow in
all canals i.e. the farmer is free to use
the water as he needs. However, to
limit these fluctuations, the freedom of
the farmer is often restricted in one way

or another, ¢

\ Eﬂect
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jid)’
west !
. In
ods ar
made
T
T
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D
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T
of ro
2.1 Requirements of a Water odsa
Distribution Method
The major requirements of a good i «
water distribution method are: ernng
appropriatencss, £
equity (both social and D?}L ‘
locational equity), distr
predictability, gve 1
adequacy, e
timeliness, bigg
flexibility, A
incentive to users and
less scope for malpratices. farn
2.2 Local Names to Important Gau
Rotational Methods in India: yiel
These are : the:
vid

i) Shejpali or Rigid Shejpali or

Rigid Water Supply (used in states of thlLe
Maharastra, Gujarat and Kamtaka), D
ii)Varavaram (used in Tamil
Table - 1 Food Production From
Irrigated Land (DFID, 1997)
Region Food Production |
From
Irrigated Land (%)
Al & %
Pakistan 80 {
China 10 d
India 50 ol
Indonesia 50 '
Middle East and Norih Africa kY]
Egypt 9
Iran 50
Latia America 10
Chile and Pery 50
(food craps for expor)
Sub - Saharan Afrlca 9
Madagasear 0
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Nadu) and 4
jiyWarabandi ( used in North -

West India)

In India, generally rotational meth-
ods are used and the rotation may be
made between :

-Two water users

Two or more groups of water users
‘Qutlets

-Distributories and minors or
-Definite sections of main canal

2.3 Merits and Demerits of
Rotational Methods
The important merits and demerits
of rotational water distribution meth-
ods are the following :

-Closure period is beneficial in low-
ering the ground water levels,

-Smaller cross-section of main ca-
nal, though larger cross-section of the
distributory canals.

‘Helps Engineer to organize his
time and enables him to supervise a
bigger area.

‘Easy for periodical maintenance.

‘Less chances of conflicts among
farmers.

‘If rotation period is more, it may
Cause water stress resulting in reduced
yields.

‘Low field application efficiency, if
there is no control on the time of indi-
vidual irrigation,

‘Farmer has to adjust himself as per
the rotation schedule as these are sup-
plier controlled methods.

525 Ha. /

3.Macro and Micro Distribution

System in Indiz

Macro distribution system consists
of distributories and minor off taking
from main angd branch canals, and mi-
cro  distribution comprises  water
courses off taking from distributories
and minors. The major differences be-
tween the two are :

Whereas capacity of a distributory /
minor decreases from head to tail as the
outlets take off on the way, the capacity
of a water course is constant ihrough-
out its run as it serves its command area
through the off taking tumouts.

Responsibility of regulating sup-
plies to meet the demand of the com-
mand in the distributories / minors rests
with the Government i.e. Irrigation De-
partment, whereas the responsibility of
distributing flows in the water courses
to various holdings rests with the farm-
ers themselves with the minimum in-
terference from the Irrigation Depart-
ment under warabandi system in
which the time in proportion to the area
of holding is allotted to each farm.

Maintenance of macro distribution
system rests with the Government
agencies and that of the micro network
rests with the beneficiaries. However,
the initial planning, layout, design and
construction of micro system from
Government controlled outlet to 5-8 ha
sub-chak turnout will be borne by the
Government.

SCHak _

55 Ha.

aihe / /
—— B fwen A Ey

\ 4-0 Hao,

Thus the micro distribution net-
work comprises part of the canal sys-
tem below the irrigation outlet. The
command area of an outlet is called
chak which is generally from 30 to 60
ha, average being 40 ha and the dis-
charge of the water course varies from
21 to 42 litre per second, 30 litre per sec
being the average value. The irrigation
channels in the command area of a
chak are:

Water course which carries water
from the outlet to the turnouts for irri-
gating 5-8 ha size sub-chaks (Fig 1)
and '

Field channels carrying water from
turnout to individual holdings of about
2 ha and above within the sub chak.
Sometimes farm channels are also con-
structed within a holding to irrigate in-
dividual fields. Losses in the unlined
water courses and field channels in-
cluding field application constitute
about 50 % of the total losses in the
water conveyance system. Therefore, it
is imperative that the water courses
which are generally constructed by the
Government, are lined to save the
scarce water. It is also desirable to line
the field channels but this depends
upon the farmers’ financial resources
as these are constructed and maintained
by them.

AN

\
)

70 Ha. N 425 He < SCHAK . <
v SCHAK - 1 \\\\\ SCHAK -3 \\ ;
\K * - /4 Syt e
SUB- CHAK
Fig.1 A CHAK of 26 ha CCA
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Table - 1 Statement of Warabandi Roster Within the Specified Chak* (Fig- 1)

"SL| Nameof | Arcaof | Lengthof Time Filling Depletion thTi.l_:ne Takingl Over }mdm_g‘—wm__
No | Sub-Chak | Sub-Chak | W/C(m) Allotted | Timein ’I';m'cin Hr. Min. point Over Paint Day&g %
: (ha) Hr. Min. Min, Min. | i Dy
(1) ) [6)) (4) (5) (6) [6) (8) 9) M it |
1 | SCHAK-1| 17.00 200 (AB) | 45.09 10 - 4519 | Head outlet (A) | TOR- I(B) | Mon— F%
. 600 | ED

7 | SCHAK-2 | 525 150 (BC) 33.52 7 . 33.59 TOR-1(B) | TOR-2(C) ‘WW,__%LQ
! 31 i
SCHAK-3 | 425 225(CD) | 2725 11 5 27.36 TOR-2(C) | TOR-3(D) I_THT‘-%'I*\‘
13-18 |
§ | SCHAKA | 5.50 300 (DE) | 35.28 15 - 35.43 TOR-3(D) | TOR -4(8) | M 1St\5¢ |
16-54 i |
S | SCHAK-S |  4.00 200 (EF) 25.48 10 35 25.23 TOR-4(E) | TOR-5(F) | SUN Molj\ |
4-37 6-0{.] |
| Total : 26 1075 167.42 53 35 168.00 —
S ——— ]

4. Concept of Warabandi

‘Wara’ means wrns and ‘Bandi’
means frxation ie. warabandi means
fixation of rurns. In this method, the
available water is allored to cultivators
in proportion to their holdings. The uti-
lization of irrigation supplies is left en-
tirely 1o the cultivator who is under no
obligation 1o grow any particular crop
in an area. The main canal feeds two or
more branches which operate by rota-
tion and may or may not run full. This
is the primary distribution system and
runs continuously througheut the irri-
gation season. Branch canals supply
water to a large number of
distributories which must run at full

supply level (FSL) by rotation. This is
called the secondary distribution system.

The distribution of water coming
out of an outlet is managed by cultiva-
tors. The distribution of this water is
done on a 7 days rotation basis with the
help of an approved roster which di-
vides 168 hours (i.e. 7 days) in propor-
tion to the holdings. The outlets have
no gates and it is illegal to keep any of
them closed when the parent
distributory is running. This is called
the tertiary distribution system.

Each cultivator is entitled to receive
the entire water in a water course only
on a specific week day and at the speci-
fied time in warawandi system of water
distribution.

5.An lllustrated Example of
Warabandi

To illustrate the warabandi distribu-
tion, let us consider a chak of culturable
command area 26 ha as shown in Fig-1.
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Based on topography of the area, the
chak has been divided into S sub-chaks
and each of these is served by an inde-
pendent turnout. Since it is easy for
even an illiterate farmer to remember
the day of a week than the date, the
warabandi roster is prepared for week
days e.g. Monday 6 AM to Monday 6
AM (1. e. for 7* 24 = 168 hours). Fill-
ing and depletion time of the water
course is accounted for while calculat-
ing the allotment of time. Based on ex-
perience the filling and depletion times
for a lined water course are taken as 3
and 2 minutes and for unlined water
course as 5 and 3 minute respectively
for a length of 61 m (200 feet). While
working out the net time of allotment
filling time is credited to and depletion
time is debited from the account. Fill-

ing of water course starts from the head

and proceeds towards its tail. At the

end of the rotation, the whole length of
water course, which has been filled

with the common pool time, is utilized

by the last farmer. Hence the depletion

time is debited on the account of the

last farmer i.e.the depletion time is zero

for all sub chaks except the last .

The net time allotted to each of the
sub-chaks is calculated proportionate
to the area of each sub-chak by the fol-
lowing formula :

The warabandi roster for the gy
given in Fig - 1 has been prepareg
based on the above concepr and hy
been given in Table - 1.

6.Equity of Water Distribution

In many irrigation projects, power,
wealth and personal communications
are used to exercise swong political
pressure in order to favour ceruain we.
ter user over the others. The greater the
degree of flexibility, the greater will be
the opportuniry for an allocation policy
to be corrupred by these human factors
A demand based schedule is the mos!
flexible allocation policy and, there:
fore, the most sensitive 1o influence
(Walker , 1998). One essential criterion
of well managed project is the ability 10
distribute water equitably to all farmers
within the command area. The criterior
of equity is of critical importance wher-
ever water supplies are scarce in rela-
tion to demand. The term equity ma!
not be taken as strict equality burt 1¢
meaning should be taken in social con-
text.

In general, equity means that al
water users receive their fair share with
regard to flow rate, frequency and du-
ration of supply; all users share equally
inconveniences such as night irrigation
or day irrigation in certain regions with
sprinkler system of irrigation or de-
layed supplies (Walker, 1998). Equal-

168 —roral iilling ime + rotal deplenon  nme

Net runming nme in hourse per unir =

Tora! CCA of chak (”

Net running nme in haurs per umt of CCA* Area of

Total fime for each sub _chak in hours =

Suh  chak - us filling me ~us filling nme  its deplenngnme  (2)
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v may be interpreted as all water users
hare Equa]ly surpluses and Shoﬂage§.
-\iso. it should favour the undf:r-prm-
ieged small holders over the privileged
[arge farm holders.

Farmers who have to irrigate at
night feel themselves worse off than
those who can irrigate during the day.
Anarchy favours the strong and ruth-
less, and penalizes the weak and timid.
It is common for head reach or other-
wise powertul irrigators to have gained
the pre-emptive rights to irrigation
flows during the day. However in north
.west India, warabandi wrns rortate
each year berween day and night i.e. a
farmer who has day in one year, has
night in the next (Chambers , 1988).

Equity can be classified into wo
types:

6.1 Equity Between Large and
Small Farmers

If the water is allocated in propor-
tion of the land holding, large farmers
geta larger share of water as compared
to small farmers (e. g. Warabandi in
north-west India), Such type of alloca-
tion is inequitable from the social point
of view, In Maharashtra, Shejpali sys-
tem which is a sort of modified demand
system, water is allocated as per the
area demanded by the farmers, and if
area demanded exceeds system’s ca-
pacity, differentia] *cut’ is applied i. e.
more cut to large demands and less cut
10 small demands (WALM], 1989).

6.2 Locational Equity

.lI means the equity of warer distri-
Ution in differen; locations of the sys-
'em at macro ang micro level. Follow-

ing ir}dica!ors can be used to judge the
locationg] €quity:

; Vériation in cropping pattern/crop-
ping Intensities/yie

b lds/water availabil-
o ten up_per one - third (1/3) ,
% © one third (1/3) and tail one

rd (173) of the maijp system.

e zznat.lon m cropping  pattems/
abili? nbg 'ntensities/yields/water avail-
midd)lf Etwr:er_l upper one-third (1/3),

€ one-third (1/3), and tail one-

thi
ird (1/3) of water course command
loutley Commang),

Water 3(1) Rpril 2000
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7. Lining of Water Courses

It is generally seen that by lining
about 40-50 % of the length of warer
course / field channels, about 70-90 %
of the seepage loss could be saved,
Such selective lining will also ensure
adequate size of farm stream for the
sub chaks / fields at the tail end, There-
fore, about 50 % of the length of water
courses / field channels including vul-

nerable reaches should lined, The vul-
nerable reaches will be:

Very pervious soils (full length)

Embankment of height 0.5 m and

more i.e. Canal in high filling (full
length)

Curves (upto 5 m on either side, in
addition to the curve length )

Upstream and downstream of struc-
tures e.g. Drops, measuring devices

and crossings (S m up stream and 5 m
down stream)

Black cotton soils (full length).

If the length of lining in the above
reaches does not add upto 50 % length
of water courses, additional lengths
may be lined to make up 10 20 % as fol-
lows in order ;

Section with a running period of 4
days or more in each rotation

Sections with a running period of 2
to 4 days.

The factors involved in evaluating a
criteria for determining the length of
the water courses to be lined are ;

‘The increase in production from
the cost of water saved by seepage re-
duction must justify the additional in-
vestment in lining,.

‘No farmer in the command of a
water course would have to carry water
for a distance in excess of 550 m from
the water course to his field.

Thus the lining of water course in
the reach AB (Fig-1) is the most cost
effective (running period = 7 days) and

perhaps lining beyond D ( running pe-
riod = 2.5 days) may not result in sig-
nificant reduction of seepage loss com-
mensurate with the extra cost of lining,

For uniformity, it may, however, be
considered to line the entire length of
the water course. In general, the re-
sponsibility of construction of field
channels rests with farmers, whose fi-
nancial condition may not permit them
to line even the selected / vulnerable
reaches of the field channels. There-
fore, it should be decided in principle to
have unlined field channels in the
project with an advice to the farmers’
organization to line the wvulnerable
reaches when the benefits of projects
begin to flow and improvement in their
economic condition takes place and the
general awareness to derive maximum

benefit in an equitable manner is real-
ized,

8. Discussions

The idea of introducing warabandi
outside the north west of India has a
history. Both second Irrigation Com-
mission of India 1972 and the National
Commission of Agriculture , 1976 saw
warabandi with fixed times but taking
water throughout at night. Also the
central Govt. of India provides support
of Rs 350 per ha to state Governments
for the introduction of warabandi
(Chambers, 1988). However, there are
few major constraints for the proper
execution of warabandi, as described
below :

There is shortage of identified land
ownership for the allocation of timings
and turns. The revenue records are gen-
erally not updated in time. Other com-
plications arise where consolidation of
holdings has started but not complered.
With very small holding sizes, a
warabandi schedule is likely to be com-
plicated to draw up and difficult 1o
implement.

For the success of any warabandi
distribution system, the field channels
are required to be brought direct to the
farmers’ fields. The construction and
maintenance of field channels is the re-
sponsibility of farmers. Due 1o lack of
financial resources and proper motiva-
tion, farmers do not construct their
field channels in time. Also field chan-
nels are generally unlined and poorly
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maintained, therefore, it is difficult to

implement warabandi.

The third condition for the success
of warabandi is consistent water sear-
city. If water is not scarce, there Is no
need for strict turns. Also, the scarcity
has to be consistent. Therefore,
warabandi works well in the north west
part of India and its performance de-
clines as one MoOVEs eastwards in the
Gangetic plain into the areas of higher
rainfall. In this part of India, majority
of projects are run of the river schemes.
Also scarcity is vital for enforcing
night irrigation.

The fourth condition for the success
of a warabandi is the constant flow
through the outlet at pre-fixed times. If
the flow varies, the farmers will not get
equitable share and the scheduled turns
will automatically lose legitimacy.
Singh (1983), who undertook a much
perspective research on Command
Area  Development (CAD) in
Sriramsagar (Pochampad) project in
Andra Pradesh, India has quoted a
farmer saying :

- But Sahib, when people don’t get
water, why should they maintain
the field channels ?”

¢ If there is enough water, we can
manage things on our own.”

- Now I will tell you the truth. You
give us the water and we will distribute
it ourselves. We don’t need CAD, if
you really ask me.”

There is no provision in this system
to compensate any individual farmer,
who does not receive water in his turm
because of the reasons for which he is
not responsible like fault in operation
or breaches in the canal. This system
also does not compensate for the losses
in the water course.

9. Summary and Conclusions

Any water distribution system like
warabandi is adopted to save the scarce
water and to encourage the farmers to
make bertter use of their canal water, to
add more value to their existing sup-

plies and to release water for more
pressing uses elsewhere. For imple-
menting warabandi, farmers need both
financial and technical support from
state Irrigation Departments and Com-
mand Area Development Apgencies.
Warabandi, if implemented properly,
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elsewhere:

Jdentified land ownership for the '

allotment of timings and turns
.Existence of field channels to indi-

vidual farmer’s fields.
.Consistent water scarcity
.Constant flow at the outlet at pre-

determined schedules.
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gustainable Water Resources

pevelopment in Ethiopia Perception on
approach Frame work |

Tefera Woudeneh, Metaferia Consulting Engineefs, P.O.Box. 3192, 4

Sustainable development concept has evolved in the past decade a
cources management. Basically the concept embodies the principle of
society has to consider the needs of the future generation in utilizing
present day development should not undermine the ability of the future
This means that in development endeavors the long term consequences
tions that may jeopardize the ability of the future generation should
sustainable development concept has been considered as an approach g
to how this aspect is taken into consideration under a specific set of
misapplication of the concept to suit specific objectives of developme

In Ethiopia, the concept of sustainable development might appear far

Abstract

ddis Ababa,Eth iopia

$ a principal guideline for efficient natural re-
inter generational equity in which the present
existing natural resources in such a way that
generation in its effort to meet its requirement.
has to be projected and any potential malfunc-
be adjusted. While this general perception of
uideline, there is no agreed operational rule as
development activities. This has lead to wider
nt planner and managers.

fetched and perhaps luxurious mainly due to
the fact that the need of the present generation is so enormous and overwh

geared to meet this requirement for survival. Ethiopia is endowed with su
developed will contribute to the amelioration of the various needs of th
development has to be implemented in such a way that the need of the
out curtailing the ability of the future generation to cater for itself,

In this paper, the complex nature of water resources devel
sustainability are discussed in a general manner and su
tion towards the understanding of the basic issues an
common and acceptable formulation of sustainable de
sustainable development as applied to the Ethiopian co
tion of an approach framework. Some elaboration o
Finally proposals on the immediate course of action

generating discussion on this im
further analysis based on detaile
development in Ethiopia.

Introduction

Ethiopia is one of the few African
countries endowed with substantial
volume of water resources. The rainfall
that occurs over the extent of the coun-
tTy BIVEs rise to an estimated 110 Bil-
lion cubic meter of mean annual flow.
Atpresent population level (62 million
;Islalb999) the per capita water resources
=) out 1780 m3 per year which is con-

ered to be at the upper water stress
ﬂﬂesh.ho]d condition. (A water stress
condmon. is defined as existing when
w:tgllanmy of naturally available fresh
e Supply less than 1700 m3 per

: co:ef year). The agro-ecology of
g inUY 18 such that large areas of
Vi, %s and benefits from rainfall
it adeguate for single or double

P Production Wwhilst vast areas of the

.
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low land. needs irrigation for agricul-
tural production.
Ethiopia is also one of the few
_ countries in the world where the socio-
economic well-being of its people is at
“the lower thresh hold with rampant
poverty exacerbated by drought in-
duced recurrent famine leading to star-
vation and death. Agricultural produc-
tion mainly from rainfed does not met
the requirement of its people as a result
of which large portion of the popula-
tion is sustained by foreign handout.
Energy mainly from biomass sources
has been depleted to such an extent that
large part of the population barely met
the food preparation requirement with
no spare for other economic activities.
For Ethiopian, the choice is either
to use the natural endowment such as
its water resources or keep on living in

elming as result of which developments are
bstantial volume of water resources which if
e present society. In this context water resources
present society is met on a sustainable basis with

opment and the application of the concept of
ggestion on approach framework are presented as a contribu-
d generate wider discussion that would eventually lead to a
velopment framework. The paper provides general concept of
ndition and on the basis of this suggestions on an initial percep-
n the main element of the proposed approach has been given.
has been outlined for the purpose of creating awareness and
portant issue. The thrust of the paper is to provide ideas that may be strengthen by
d studies and research on the state and the requirement of sustainable water resources

abject poverty, depravation and suffer-
ing as result of low level of develop-
ment. The socio-economic equilibrium
is easily affected by natural occur-
rences such as cyclical drought which
often brings the country on the brink of
disaster. On the other hand, the water
resources that can provide energy, in-
creased agricultural production, im-
prove heath and sanitation, originate in
the country and traverse its interna-
tional boundaries providing sustain-
able means of livelihood to millions of
our neighbours. In this process billions
of tons of fertile soil are transported out
of the country turning the once fertile
agricultural production area into de-
graded land scape of insignificant pro-
ductive value. On the other hand water
resources development means ad-
vancement in the use of science and
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technology, increased agricultural pro-
duction improved health and well be-
ing, generation of energy for various
uses, containment of degradation and
conservation of the land resources and
generally impraved socio-economic
condition.
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While the need for
water resources develop-
ment is strikingly obvi-
ous, its undertaking re-
quires huge effort, com-
mitment and application
of advanced knowledge.
The assessment of the re-
sources base, its poten-
tial utilisation, develop-
ment  planning and

implementation will
dedicated

ctnl

/
need
organisation, skilled and

OPMENT FAAMWORL

experienced manpower,
the full participation of
informed public, strong
and visionary leadership
. and management. De-
rvaiwiinl | yelopment means chang-

e, 5 ing the delicate balance
of the state of a given
socio-ecological equilib-
rium and if such changes
are in the negative direc-
tion, the outcome will be even more di-
sastrous and could lead to lower level
of existence. Hence sustainability of
development is equally as important as
initiating and implementing the devel-
opment endeavour. In the context of
Ethiopian reality sus-
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ol with to bring abour the
desired level of water
—— 4 resources develop-
; dimension y Legel M i
o N Bt | ent, as sustainable
Dimension venture, some prelimi-

nary ideas on the ap-
proach framework are
suggested in this paper,
the objective being to
generate wider discus-
sion that would eventu-
ally lead to a common
and acceptable under-
standing of sustainable
development  frame-
work. In this paper, the
ge_neral concept of sus-
tainable - development
a§ applied to the Ethio-
Pian condition has been
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The Socio-Economic Contgy

Ac;ording to The 1994 ¢ep
Ethiopia population is estim,
(62 million in 1999 (CSA 19;3 .
is projected to inc 5

rease o 129 myj;

by year 2030. In 1995, life expecey..
at birth is 49 years compa;edp\:ii;nsy
percent for Sub. Saharan Africa (ss;
with infant mortality rate of 1]3 ]
1000 live birth compared with 9h2 pr;
SSA (World Bank 1998). The average
consumption of food is estimated 1o be
.1’770 calories per capita per day which
is less than the FAQ./WHO recom.
mended calorie minimum intake of
2000 calories per capita per day. High
level of malnutrition is one of the most
serious problem affecting the well be-
ing of the Ethiopian people.

The per capita income was est-
mated to be US $100. in 1995 (World
Bank 1998) and is considered to be o
of the lowest in the world. About 52
of the population was earning less than
US $1 per day (world Bank 1998). The
deep rooted poverty Is considered 0
the single most important basic facto!
determining the present stafs of socil
- economic and cultural condito® of
the people.

In 1998 the total land under €™
rary crops was estimated by A :g
about 7 million ha. Of this abovt 6‘on
million ha was under Meher Seajvas
crop while the Belg croP coverage ™
0.82 million ha. The Meher P*
of seasonal crops which ¢
als, pulses, oil seeds and mlrlor,hile
rary crop was 7.4 million 7 .
Belg production was 074 ! 3
The total combined productio?
7.7 ha cultivated in that Y%
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Jated to be about 8.1 million tons. The
Ir?ombined average was 10.6 qtl/hg. The
;e ¢ capita production for .thfs espmated

opulation of abou? 60 million in 1998
was about 1.35 quintal per person per
year. , ..

The production level lndlcatefi for
1998 season is typical of the rainfed
sector and could be considered as rep-
resentative of the staws of the Ethio-
pian agriculure under rainfed condi-
tion. With increased use of modern in-
put such as better seeds, fertiliser and
jmproved cultural practices and land
management, yield from the rainfed
sector might rise 1o double of the 1998
level. But the fundamental constraints
limiting the potential production from
the rained sector is the low moisture
supply at the critical crop growth cycle
and the inability to produce through
out the year on all productive areas due
to the seasonal limitation of rainfall. It
seems that all of the Meher season ar-
eas (6.85 million ha in 1998) could be
double cropped if water can be made
available through irrigation. The avail-
ability of moisture at critical growth
stage for areas under rainfed crops

could enhance the impact of

Tefera Wm_ldeneh

the modern input packages
thus. increasing yield and *
sustaining it ata very higher
level.

In terms of food re.
quirement the estimated
calorie intake of 1770 calo-
ries per day per person
would translate to 0.52 kg
of cereal equivalent per per-
son per day or 1.9 quintal
per person per year. If the
calorie intake is increased
to 2000 calorie per person
per day, the food require-
ment in terms of cereal
equivalent would be about
2.15 quintal per person per
year. If the above target is
assumed to be attained say
by year 2010, the total sea-
sonal crop production
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lion quintal as the population is ex-
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This would mean that the yield from
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crease to 346

million quintal or yield from the sea-
sonal cropped area (7 million ha) has to
be about 50 quintal per ha. This level of
yield can not be attained and susrained
without wide spread use of irrigation.

Need for Water Resources

Development

The water resources potential in
terms of mean annual flow is estimated
to be about 110 BCM (EVDSA., 1990).
The land porential suitable for large
scale irrigation is put at 2.5 million ha (
EVDSA. 1990) . The hydro power
generating potential is estimated  ar
161,000 Gwhiyear. Other warter re-
sources potentials include 40,000 tons
per year of fish production, 1900 km of
water ways suitable for transport and
other immense scenic, historical and
cultural resources. In terms of
utilisation, 22% of the Ethiopian popu-
lation has access to clean water while
only about 7% has access to adequate
sanitation. About 3% of large scale irri-
gation and 2% of the hydropower po-
tential has been developed in the past.
The aquatic resources exploitation is
less than 10% and water based trans-
port development is negligible.

First and for most, the water re-
sources development will be required
to provide clean and secure adequate
water supply to meet the need of hu-
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of food crops shoyld
pe arained- I:rigat{on
will greatly contrib-
ute in the increase of
food productiop by
supplying ~ moisture
at required level for
areas under rainfed
pmducdon, bringing
more areas under
production by en-
abling double crop-
ping or cultvation of
areas without suffi-
cient rainfall. The
other need for irmiga-
tion will be in the
production of fibber
and sugar crops
whose consumption
is at a very low level
at present.

y A smudy con-
' ducted in 1993 has

.
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timated per capita

: consumption for fi-
bre was 7.8 m2 per
year. The East Afri-
can average at the
same period was

about 15 m2 per
capita per year. This

indicates the tremen-

dous disparity in the

ability of the Ethiopian people to have
20 opportunity for proper clothing. If
the fabric required is to be increased to
m2 per person peryear, the raw cot-

‘on production of 0,009 ton per person
PET year has 1o be attained.” For the
Population feve] of year 2030 (129 mil-
tomr]epe}?pk) the cotton production has
o 40 1.16 million 1op, In terms of
a,oth:s Would mean (he irrigation of
. p‘i‘: Ea a]ssgmipg a yield level of 3
Al 1 3 migation will also be re-
il Produce sugar for local con-
S m’;il 1994, the consumption of
sbout 3 10pian wag estimated to be
Sdered Person/anny This is con-
Consuy E_VCQ’ low when compared
shout 39 k};non n Kenya which was
SSsuneg atifraperson per year. If it
g - gzg tonsumption would
year, g, b 8 per person per
ducry, Y year 2030, the tota] pro-
aboy; 2,53me_e"lhls demand would be
1on tons, f 19 ton of

_ endowment thro

thzt o n
mand for 2oric “
areas gf jr”;av-h‘ -_;
take place iy

mous hydrop,

POver -
the energy depn,_

Al presen; abouyr

tion of €nergy wag ..
about § million ton5 o5 .1 .

which is 95,000 G'.Z.Hu-: :1 ‘_fquwajem
electric energy fE"-"Dé.;\. 1990). ¢
this supply, electric power :ons(iﬁncd[
about 2.5%. Fue] od. canle dyp,
and cereal swraw supsjiaq abour glgz

UoA

P ded

of the requirement. The yq. of wood,
cattle dung and cerea) staw for fie]py,
resulted in sever environmeny| degra-
dation from clearing  of the forey
cover, deterioration of soil fernlity and
erosion of the soil potennal. If 50% of
the above requirement is to be ma
from hydropower supply for the con-
sumption pattern of 1982, the annual
production has 1o reach about 47,000
GWH/year. This would wanslate 1o the
development of about 30 % of the total
hydropower potennal of the counay.

In addition to the above, water re-
sources development will be rE_qUHfg
to exploit the mansport. aquancff:;e
scenic resources for the bepeﬁl:and).
Ethiopian people. More mp;)ources
the conservation of the watere
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Sustanable Development in the

Water Sector

Conceptual Basis

Sus;l;!l\:a!;;osl widely used .dcﬁnilion of
> by e B.c development is that given
i rundtland Commission on En-
the ant“& Development in 1987 in
feport * Our common future”. The

definiy :
Vei:}“““’“ given was” Sustainable de-
Pment jg dcvclopmcnt that meets
€ needs of e

Promising the bpl.’cscm without com-
800t mees i '!“y of future genera-
Wotld tc thcl'r own nceds”. The
SUstainab? ¢h Ipstm'ue state that “ A
its neegs ‘:,sl‘:cm)‘,ls one that satisfics
Pect of 1hll out diminishing the pros-
Mot Watec future generation,”  The
tion ' Tesources oriented defini-

Sustainable development is

Watey 3(1) April 2000

y

given us” the development which en-
sures that utilisation of resources and
the environment to day doces not dam-
age the prospects for their use by the
future generation™ (Day & Perks). Wa-
ter resources development is consid-
ered to be sustainable if it is * socially,
environmentally, cconomically and
technically acceptable and the water re-
sources system is in a dynamic cquilib-
rium over along period of time. *
Sustainability embodics long term
perspective, integrated approach, re-
spect for diversity and pluralism, eq-
uity, justice and reliance on participa-
tory development. Development has to
be cnvironmentally ecconomically, po-
litically, socially and culturally sustain-
able, Societics well being depends on
good government, democratic pa_rticn—
pation, economic efficiency, equitable
distribution of economic resources,
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the process of depletion of non-yese -
able resonrces, socicty most ensure an
orderly translation 1w other activitics
through alternative development,

Sustalnability and Water
Resources Developiment

The vanslation of the concept of
Sustatnabifity in v the arena of the
Ethiopian water resources develop-
ment would imply the following,

The need of the present generation;
Sustainability embodics two basic prin-
ciples i.c. providing for the need of the
present socicty and considering the
needs of the future yeneration. In the
contexl of the Fihiopian reality the
need of the present society is so enor-
moug guch that if it is not met, the con-
tinuity of the socicty to produce the fu-
ture generation that replaces it is under
threat, ‘The main focus of water re-
sources development would then be o
penerate the means of livelihood pri-
marily to stop the decline in the socio -
cconomic statug of the present genera-
tion and then provide for better socio-
cconomic well-being,

Long term vision: Sustainable wa-
Ler resources development would mean
long term vision and knowledge at
cach key step in the future time hori-
zon, In the context of Ethiopian reality
the long-term vision should at least ¢x-
tend over the generation  time frame
i.c. a minimum of about 30 ycars and in
thig time frame there should be a clear
understanding of the action and activi-
tics of water resources development
projected up to and beyond the set
minimum time frame.

Poverty Alleviation: sustainable
water resources development mcans
that the output of the development
should contribute to the enhancement
of the existing socially 2nd culturally
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crippling poverty situation in th? coun-
try. This should be a central objective,
as a poor society can not be deemed t'o
lead a sustainable life. Poverty as mani-
fested in Ethiopia is not to able to eat
adequate quality and quantity of food
for meeting the normal, need of the
body, to be inflicted by various disease
and not 1o possess the means tor treat-
ment ,to be without adequate clothing
to protect from the changing condition
of climate, 1o live in an inadequate
shelter, to be directly interacting with
the environment without the benefit of
modern technology and to be illiterate
and live in darkness away from the op-
portunities and benefit offered by mod-
ern knowledge. The benefit from water
resources development should aug-
ment food supply, create wealth for the
society to be able 1o produce goods and
services, produce agricultural raw ma-
terial for clothing and energy supply,
provide clean water supply to meet the
daily body needs etc. Sustainability
over a generation ume frame and for
the future generation can only be en-
sured if the development of the re-
sources is geared to contribute to the
alleviation of  these problems at
present.

Environmental Integrity: Water
resources development should be car-
ried out within an integrated socio-eco-
logical frame work under a constant
condition of dynamic equilibrium. The
overall integrity of the environment
which is governed by principle of inter-
dependence should not be violated so
as 10 cause an imbalance and hence en-
vironmental degradation and eventu-
ally to the unsustainablity of develop-
ment efforts. The human and other liv-
ing communities and non living mani-
festation are interconnected in a vast
and intricate network of relationships
in a mutually dependent process. The
understanding of this relationship and
planning and implementing water re-
sources development within this frame
work will ensure environmental integ-
rity and contribute to sustainability of
the development.

Proper Knowledge and Under-
standing: Development should be un-
dertaken on the basis of adequate
knowledge of all socio-ecological fac-
tors, including the resources base, dis-
tribution, its pre development equilib-
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rium, the existing and future demand
on it and anticipation of potential im-
pacts on proposed developments. The
planning and implementation of water
resources activities should be guided
by sufficiently qualified and experi-
enced professionals with clear under-
standing of the need and aspiration of
the people on one hand and ability to
device the means for exploiting the re-
sources to overcome poverty and bring
about better quality of life on the other
hand. Water resources development in
Ethiopia is a fairly new undertaking.
The awareness of the people on its ben-
efits is low. The scientific and techno-
logical requirements for assessing the
occurrence and magnitude of the re-
sources and carryout development has
not reached the population at large. In
other words water resources develop-
ment has yet to be the culture of the
people.

Self Reliance: It would be fruitless
10 think of sustainable water resources
development that is not based on the
use of indigenous resources, capacity
and technological base. Sustainability
of water resources development can
not be contemplated if the major actors
in the development are outside of the
country such as donor driven imple-
mentation. No matter how good and
well meant is the motivation, schemes
that has been implemented without the
major participation of the local effort
are suspect to all sorts of destabilising
effects.Indigenous resources utilisation
means that there should a meaningful
participation in the financing of the
project, that the full cost of operation
and maintenance should be from the
local resources mainly from the output
of the projects and that the beneficia-
ries should have full control over the
planning and development based on in-
formed and conscious appreciation of
all factors. Development planning and
implementation should be mainly car-
ried out by local expertise and adopted
technology suitable and modifiable to
suit local condition. Sustainability in
the generation time and beyond would
be enhanced through this approach.

Meaningful Participation: The
participation of the public in all facets
of development planning and imple-
mentation based on adequate aware-
ness information and democratic pro-

ffgger;:m greatly ensure gy,
our;es developmems Nabj,

opment that is implemenyeg o ey,
technocratic decision gpq in n Purcj
the general public and the spefi";m o
eficiaries is prone 1o inSIabilizbe i

failure without meeting jt Objeé d
There are bitter experiences othistl‘.“'
ation in the country as mog, ofthesf‘rg.
ure of the few warer resources deve]all'
ment that has taken place i the pa“0p.
attributable to this fact, o
Appreciation of the Existin
tion: Some of the of destabilising fy,.
tors or instabilities that could affect the
sustainability of past developmep, ef.

forts could be attributed to:

Instability of policy, strategy ang
institutional set up arising from
changes in the direction of successjye
government policies. This has been e
single most critical problem that has af.
fected the performance of water re.
sources development in Ethiopia and
failure of existing schemes,

Lack of broad and integrated plan-
ning based on good information,
implemented by competent profession-
als and informed public participation

Lack of competent water resources
management organisation and skilled,
motivated and highly trained and expe-
rienced staff.

Dependency on foreign expertise
and resources for development

Lack of adopted technological base
and support of research and develop-
ments.

Lack of indigenous industrial base.

g Cong;.

Water Resources Development

Process

Development Initiation Tasks
The water resources development
process in the Ethiopian context is per-
ceived as a set of activities that would
commence at given moment in tme
and be progressively implemented with
in the general generational time frame-
work of minimum of about 30 years 10
bring about change in the socio-eco-
nomic stas of the people in sustain-
able manner. Figure 1 shows the main
elements of this process and the flow of
activities leading to the attainment of
sustainable development. The proccss
is conceived as a series of activili¢s
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ater Al implementa-
crete 1mplem

. Jead 10 @ IS

'.\'msh le

- rasks OVET the plan period. Thc ol
foe -« (he achievement of sustainable
resu\;;pnwm in its total context.
devfrhe initiation process eventually
s the overall development frame-
ork within the envisaged e f’a".‘e'
}I\';C main component activities during
ihis period are briefly outlined as fol-
jow. P
4ssessment of Resources: This ac-
fivity aims at establishing the resources
base in its spatial and remporal occur-
rence and the existing and projected
demand on it. At present this activity
has advanced with the preparation of
the preliminary country wide water re-
sources development master plan and
the specific integrated river basin mas-
ter plans. With some additional work,
an overall assessment of the resources
can be achieved.

Assessment of Needs: Need or de-
mand, sets the utilisation pattern of the
water resources and will establish the
main areas of water requirement. In
this analysis, all potential users on the
resources will be identified. This will
include human and other life forms, ag-
riculure, energy, industry, environ-
ment or ecological needs. A substan-
tial amount lot of work has been carried
in national and river basin context and
with some additional work a full plan-
ning picture could emerge..

Development Strategy: The devel-
Opment strategy will set the matching
of the resources with the demand dur-
Eﬁl‘::os:szning period. The strategy
Wik and wfa‘llll gverall planmr'xg frame-
v eac;\ i efine the. action to be
ment goals andey\f-I HEs. i aedeldp
and formulateq 7 JECUVCS - deﬁped
it b and the action required

m are elaborated. At
Present there is ne comprehensive
Sh'a.tegy on water res
ment over a generat e p
tction P!Iga .eratlon tlme frame.
lows from the : = 1iE EEHGn p]_an fol-
i 2 essomyi trategy formulation and
Strat 12l part of the development
°8Y. The action plan will el
SPecific projects th e a.bome
Mented wigh, allt at would be ’1mp1e-
the other peripheral

Activitieg :
: and will provi
NVestmeny 5 provide the overall

bl qQuired to implement the
this Process, the investment
w
Ster 3(1) April 2000

) -

budget requirement for the envisaged
development over the planning period
is estimated. Action plans are nor in
place at present.

Fund Identification And Alloca-
tion: Water resources development in
Ethiopia will require enormous amount
of financial resources for its implemen-
tation. The financing sources and plan
has to be carefully worked out and
overall allocation need to be made for
the duration of planning period. Fi-
nance could be obtained from interna-
tional sources, allocation of govemn-
ment budget, private investment, user
participation, cost recovery and such
like. Special water resources develop-
ment taxes could even be considered.
The most important aspect at this stage
is to know the global financing level
and availability and 1o allocate it to
various development components set
in the strategy and action plan docu-
ment. There is no comprehensive di-
rection on the identification and alloca-
tion of financial resources at present.
Institutionalisation: Institutionalisation
refers to formulation of appropriate
short term implementation, policies,
laws and regulations governing the re-
source utilisation and management and
the various proclamation establishing
the required organisations and defining
the legal relationship berween the ac-
tors in the development, In this context
policy is used to define short terms ob-
jectives set by the government of the
day while strategy defines the overall
frame work for guiding the long term
implementation. Strategy may be re-
fined but may not be radically altered
while policy could be changed based
on the emphasis of the government of
the day but not out side ot the strategy
framework. There are a number of in-
stitutional measures in place at present,
which need to be reviewed in the con-
text of the envisaged plan and antici-
pated development need.

Organisation: This refers to the es-
tablishment of various organs of the
development and engagement of the
human resources and other require-
ment for implementing the envisaged
strategy in all sectors of the society.
The government has established the
Ministry of Water Resources as the
Federal organ in Water Resources De-
velopment and Regional Bureau to take
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care of regional concerns. While this
by itself is step forward, the preseni
organisational arrangement is not con-
sidered 1o be adequate. A more elabo-
rate and comprehensive strucrunng
covering all actions, stakeholder and
all warer resources development activi-
ties need to be formulated and imple-
mented.

The successful implementation of
the initiations tasks will lay the foun-
dation on which the implementation of
the water resources development will
be based. These aspect needs careful
consideration and sufficient time and
resources should be used to prepare the
component tasks and the overall frame-
work considering the generational
time frame. For this purpose, year
2000 could be, for example, taken as
the starting point in time and extend to
year 2030 as the period over which
development in a sustainable frame
work could be considered .

Implementation Tasks

The implementation tasks deal with
the operational aspects of water re-
sources development activities. The
main implementation activities are
briefly elaborated as follows.

Awareness And Capacity Building:
This includes creating or enhancing the
awareness of the public about water re-
sources through public education,
popularisation, training at all level to
create the necessary skill and profes-
sion, and undertaking overall capacity
building in all aspect and at all level.
Capacity building has to be on
continuos basis and has to cover all
participating actors. Atpresent the ca-
pacity building 1s skewed in that it 1
mainly catering for with government
establishments. There is no visible ca-
pacity building activity in the public
and private sector. As the overall na-
tional capacity is very low, whatever
development is taking place is mainly
being planned and implemented by for-
eign organisation.

Regulation: Regulation refers to
the administration of the set of policies,
laws and other institutional measures
mainly by the government. This is a
policing activity to ensure that water
resource development takes place
within the envisaged parameters such
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that sustainable results are obtained.
Data Management:Date manage-
ment includes the collection of all types
of dara in all relevant sectors and sub-
sector, processing, storage and distri-
bution for project planning and imple-
mentation. Certainly basic data will be
required at the initiation stage for re-
sources assessment need evaluation
and preparation of strategy and action
plan. This aspect of data management
will be a necessary pre-requisite for
completing the initiation phase tasks.
Resources and Needs Assessment:
The potentially utilizable water re-
sources under a given technological
and management framework should be
established. The need of the society
and other user should be assessed and
matched with the resources in a given
time frame. The river basin based mas-
ter plan is the most appropriate ap-
proach for this aspect. :
Project Planning and Implementa-
tion: This aspect deals with project
identification, preparation and imple-
mentation including operation. Project
ideas are drawn from the strategy con-
sideration and the action plan. Hence
the project planning and implementa-
tion by itself is a huge under taking and
will require efficient organisational set-
up and management. Derails on pro-
posed approach are discussed.
Research and Development: Re-
search and development should be con-
sidered as an integral part of the imple-
mentation process. This aspect is com-
pletely missing from the Ethiopian Wa-
ter Resources Development scene. Re-
search and Development under pins
sustainability in that solution to
instabilizing factors could be sought or
obtained and appropriate adjustments
can be made to ensure that the process
* of development is taking place to attain
the set objectives without deteriorating
the environment.This aspect is pre-
sented in more detail in Section 7.4.
The implementation process will be
demanding and require the integration
of human ingenuity, technology and
vast financial resources to develop wa-
ter resources for various uses. The im-
balance in the system as a result of im-
proper action in implementation could
have a disastrous consequences on the
natural system. The end results of the
implementation process is envisaged to
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be sustainable water resources dev.el-
opment that has attained the objective
set in the plan period.

Water Resources Development

Perspective

Component of Sustainable
Development Framework

In general terms water is required as
an economic, social and .environment
good subject to private and public use
under sustainable management. Water
resources development and manage-
ment is always carried out within a
given socio-economical and socio-
ecologicl sphere of influence facili-
tated by the technical and institutional
infrastructures organised by develop-
ment managers. The above condition
calls for the formulation of a multi fac-
eted framework that integrates the so-
cial, economic and environmental as-
pects into an efficient management
process. Figure 2 shows five main
components of an integrated sustain-
able water resources development ap-

proach frame work for which outline
discussion are given.

The Development Frame-work

The organisation of water resources
development in the Ethiopian context
should be under pinned by six main ap-
proach frameworks as shown on Figure
2 so that the fundamental relationship
between the socio-economical and
socio-ecological interdependence can
be properly understood. These devel-
opment frameworks as foresee are
briefly discussed as follows.

Strategy Framework: This sets the
discrete global and local objectives and
provides the general direction and plan
during the envisaged development pe-
riod. Strategy sets the states long term
goals while policy sets the govern-
ments short term objectives.

Institutional  and Organisation
Framework: The short term policy ob-
jectives, the legal and regulatory as-
pects are defined and appropriate
organisational arrangements are de-
vised.

‘ Project planning and Implementa-
tion Framework: The procedures for
project identification preparation and

—_—

implementation are defin
Figure 4 provides the pr
ning and implementatig
which elaboration are gi
1.3

Cgpamty Building and A“’“Enessi
Creation Framework. In b fram |
work the approach and actiong Tequireq "
to create strong and efﬁciem‘_
organisational set-up will be defineq {
long term public education ang aware.|1
ness creation strategy will be formy. |
lated and implemented. ‘

Finance and Investment Frame.?\
work: The level of investmen; re. |
quired in the plan period and allocatigy, |
of sources will be defined. }

Science and Technology |
Framework:Research and developmen; |
for supporting the with planning and |
implementation  process  will be|
institutionalised. The proposed re. |
search and development framework s |
discussed in section 7.4 and illustrated |
on Figure 5. :

Development Issues And

ed ang e
OPoseq p),
1 stages g, ‘
Ven in Sectigy

|

ATy

Context ‘

There are multitudes of issues that |
should be properly underswod and ad- |
dressed in the process of water re-
sources development in Ethiopia 10 |
safe guard the sustainability of the sys-
tem. The issue should be analysed in a
structured manner covering all devel-
opment influencing factors. Figure 2

provide an overview of the aggregation
of the issue under a set of important

factors affecting or influencing water |
resources development as described |

below.

The Environmental Dimension:

The natural resources particularly for- |

est and soils are severely degraded. |
This situation has to be contained and |
possibly reversed as it affects water re-
sources develdpment tremendously.
The effect of water resources develop-
ment on the environment should also |
be clearly identified and minimised. |
Development may disturb existing |
equilibrium ‘and trigger a process that
may set a new equilibrium. Sustainable
development means that the new equi- |
librium should be in a dynamic bal |
ance without creating anetnegative effects:
Historical Dimension: ~The b¥
tory of water resources developme'

i
{
1
|
{
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Tnstituti
past there has been 2
suability in the institutional set-up of
waier 1esources development. It seems
on the average every 10 years, institu-
tional change takes place resulting in
enormous set backs in terms of destruc-

nancial condition under which water
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lopment will take place. ~ mu
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Social Dimension: The present ten-
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sources in the river basin system that
can be directly used or serves as an in-
put for the development of other re-
sources. Water transfers energy in the
river basin system through the hydro-
logical cycle and matter from the high-
land to lowland through erosion and
sediment ransport,

Holistic & Integrated Develop-
ment: In the holistic and integrated ap-
proach, the development has to take
into consideration all possible human
and environmental requirements in the
river basin system. All aspect of the oc-
currence, distribution and potential
uses are analysed and development in-
tervention in all sectors including hu-
man. agricuirure, energy, mineral, in-
dustrial, infrastructural and social areas
can be planned and implemented with
water as the core resources. Essentially
holistic refers to the consideration of
all aspect of water resources develop-
ment and integration refers to the
harmonisation and balancing of the
various areas to which water can be
used.

Master Planning: The master plan
approach provides a long term inte-
grated resources development plan
considering the spatial and temporal
occurrence of the resources over the
management boundary i.e. the river ba-
sin. At present river basin master plans
have been prepared for Omo- Gibe,
Baro Akobo. Abbay and Tekeze river
basins. This process has 10 be com-

pleted for all river basin in the country
followed by legal measures for their
use as basic plans for the development
of the water resources of the country
Appropriate Project Planning &
Implementation Procedures: Appropri-
ate project planning and implementa-
tion procedures based on the project
cycle concept should be applied. The
conventional project cycle includes
identification, reconnaissance, pre-fea-
sibility, feasibility, design, construc-
tion, operation and monitoring and
evaluation. If the master plans are pre-
pared in sufficient details the process of
identification, reconnaissance and pre-
feasibility may not be required. Feasi-
bility studies will be undertaken to as-
certain the alternative possibilities and
analyse the social, economic, environ-
mental and technical aspects of the
projects. Proper design and construc-
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tion, efficient operation and consistent
moniforing and evaluation will greatly
contribute to the sustainability of the
development endeavours. Figure 4 in
Section 7 provides the stages of proper
project preparation and implementa-
tion process.

Use of National Resources: In the
past foreign financial resources and ex-
pertise has played prominent roles in
the development of water resources of
the country. Foreign financing comes
with conditions thar may not be
favourable to our situation and foreign
experts lack the political, economical,
social and cultural appreciation of the
country. Sustainable development pre-
supposes the substantial use of own fi-
nancing and manpower expertise and
idignization of warer resources devel-
opment technology.

Appropriate Technology: Technol-
ogy has to be adopted, indiginized and
grow with in the framework of the ob-
jective realities of the country. In this
context, there is need for a comprehen-
sive and concerted efforts for technol-
ogy transfer and development in the
water sector.

Fully Participatory Development:
The achievement of water resources
development at the desired scale will
require the full participation of all the
stake holder in their respective areas of
interest, Full participation means well
informed and concerned public, trans-
parent planning and appropriate insti-
tutional and organisational mecha-
nisms for ensuring the participatory
process on a continuous basis. In sec-
tion 6.6 derails on the stake holder and
the general areas of participation are

presented.

6.5 Water Resources Development
Tools

The envisaged water resources de-
velopment are enormous and are antici-
pated to contribute 10 the socio- eco-

nomic transformation in the country in

a sustainable manner. Along with ap-

propriate planning and implementation
approach, appropriate tools need to be
used at all stages of resources manage-
ment. The main tools as identified in
Figure 2 are briefly presented as fol-

lows.
Data & Information: Data of suffi-

cient coverage and appropriate quality

—

is a basic inpur for Wwater

velopment planning apq rl.crim]‘rcu q[* and 8F
tion. Various types of dar, a mcn.m.: ous S¢
mation need to be collecteq, " ln‘lm. tion I"
stored and distributed fo, uge Clessmi, all)’el:.
process of developmen. Basicn.[hE wal[ed
should be collected at a Nationg| iaé[a l’ccct ]
on a continuous basis. Co]lecnmf\e} 5; y
soil, topographic, climate, vege,an(f; quch i
animal, water resources ere. dzua. for 1
preparation of maps at the requy.  sourc
scale are very important Planning 1o0); = gratet

The preparation of at least the | 150,000 | vice?

scale maps for topography, soils, jang A
use & cover etc. could be a priority are; | Educ
of interest. Data for specific projec;  basic
planning and implementation purposey | siona
should also be collected. prese
Skilled & Motivated Professionals =~ ning
A cadre of highly trained, skilled anq | ried !
motivated professional will be requireg | hight
to plan and implement water resources | and !
development. The past human re. thel
sources management approaches has | that'
not created the required base and levei | VeloF
of skilled manpower. The state of the | Wil
water resources development at present | 1™
could be mainly attributed to the lack | ™P¢
of adequate trained manpower which = oV
has been exacerbated by the inability of | §
effective use of the scant existing man- | Cap:
power base. | st
Proper Facilities & Infrastrucrure: | ¢
This include laboratories, information | E:L

centres, study and design facilities, | 1

data collection and analysis equipment i

and instrument, education and training | o
facilities, offices etc. Water resources | co“f
development will require the place- | i
ment of huge facilities and infrastruc- | o
wre for undertaking the various devel- ' P
opment process and activities. l E;e:
Indigenous Skill & Technology |
Adaptation: Indigenous skill has to be .
developed at a wider scale. Construc- | &
tion skill and manufacturing of basic 1'he:
components and equipment capacity v
has to be developed. Technology has 10 !
be transferred art the appropriate scale %::‘
and popularised such that it becomes T}:
part of the indigenous skill and con- o
tinue to be used on a sustainable basis. o
Local Industrial Base: The indus- an|
trial base for producing components en:
and application for water resources de-
velopmenr  has to be created and ity
widely developed. Sustainability of sh
water resources development can no' Pa
be ensured when major technologi€s
W
water 3(1) April 2000
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ater 1€ (his situation: The other as-
b opment is the

P fec[e s deve]
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energy etc. as an input
Water re-
ent has to be inte-

SOATCES | development and

orated with industria
o

icg versa. i P
v1ce% ropriate Education Facilities:

i i iliti training from
tion facilities for :

Edguiiaskill 10 advanced level profes-

; Id be established. At

sionals shou
present advanced water system plan-

ning and implementation iy Belrly ar:
ried by foreign experts. Institutes of
higher learning should be strengthened
and new once established to cater for
the high demand of skilled manpower
ihat would be required to undertake de-
velopment at envisaged scale. Training
facilities for basic skills in construc-
tion. manufacturing and other fields of
importance should be established all
over the country.

Strong Research & Development
Capacity: There is a need for a strong
research and development capacity in
the water sector. More discussions on
lh.is aspect is presented in Section 7.
Figure § shows the R & D activity flow.
- Stong Local Consultancy Capac-
1y: Meaningful development of local
t;msultancy capacity has to take place
tio‘;“i;gake Pfﬁr}r{ing, project prepara-
B Supervision of development
l Presentemanon' It s ammaean
| E r’ Fonsu]tancy services have
‘ lm:j:::,ied by foreign consultants.
! iITlPlementa?itoer Lesources planning and
| e group, Lr;c:ls Ly
. ‘.‘Ylis Presently o consultancy capac-
- infaney, i Semg created and is at
| e ey ctor has to grow and
‘, Orameaningfull)pm Vylll be required
¢ majoy Capacity to be created,
Sour Portion of the water re-
h annin .

%10 be cam 8 and implementation
S i gyt ed out by local consult-
tngy Anability js ¢ ;

ted, 0 be practically
iryi?ng Loca) ¢ .
sht;ul 185 ANother ?nl':stmcu()n Capac-
Paciy [be ®Stablisheq Portant area that
O unden with adequate ca-

€ construction of
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advanced water resources facilities and
infrastructures. The past and present
experience shows that major water
construction has been undertaken by
foreign contractors. Local capacity for
construction of small and medium level
infrastructure is growing but need be to
strengthened.

6.6 Stakeholders In Water
Resources Development

Sustainable water resources devel-
opment in Ethiopian attracts a number
of interests, involves large number of
participants and will directly or indi-
rectly affect various stakeholder. Fig-
ure 2 lists the main participants and
stakeholder that may have influence
and direct impact on water resources
development and its sustainable man-
agement. The indicative but in exhaus-
tive areas of involvement and responsi-
bilities of the various stakeholders are
presented as below,

Federal & Regional Government

As stakeholders the Federal and Re-
gional govermnments will participate
and have responsibility for the follow-
ing main aspects;-

Primary responsibility for the as-
sessment of resources potential and de-
velopment need

Primary responsibility for data col-
Jection, analysis, storage and dissemi-
nation

In consultation with other stake-
holders, setting of goal, objectives and
strategy and legalising them as devel-
(;pment guiding principles

Primary responsibility for prepara-
tion and legalisation of action plans

Primary responsibility for fund
raising and allocation for various pur-
poses.

Establishment of appropriate ins.ti-
wutional and, policy mechanisms and is-
suing of regulating measures and over-
all organisational setup " .

Participation in project preparation,

implementation, operation monitoring

and appraisal with other stakeholders.
hrough fair distri-

Ensuring equity t
bution of the benefits 10 various Sec-
tors

Primary responsibi
local capacity, establ
creating awareness an

lity for creating
ishment R&D,
d training of
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manpower.

6.6._2 .Public & Private Sector

Pamcxpat.e In goal objective and
strat'egy setting directly or by demo-
cratic representation

Participation in resources potential
and need assessment
» Undertaking project preparation,
implementation operation and moni-
toring

Direct users of accrued benefits

Undertake adaptation of technol-
ogy, establishment of industry etc.

6.6.3 Urban & Rural Community

Participation in goal objective and
strategy setting

Support resources potential and
need assessment and action plan prepa-
ration.

Participate in project preparation,
monitoring & appraisal

Undertake project implementation

Primary responsibility for opera-
tion

Direct beneficiary of development

6.6.4 Professional Associations &
Scientific Community

Assist and participate in need and
resources assessment, goal, objective
and strategy setting and preparation of
action plan

Undertake R&D activities and pro-
mote technology transfer and indigna-
tion

participate in project preparation
and implementation

Undertake monitoring and evaluation

Support capacity building particu-
larly in human resources development

Undertake preparation of guide-
lines, standards and other applied hand
books. _

Institutions of Higher Learning

Primary responsibility for human
resources development i

Undertake R & D activities and
project related scientific analys?s

Participate in public education and
awareness creation efforts _
Undertake monitoring & appraisal
Assist in goal, objective and strat-

egy setting and preparation of action
plan

Internatio Cox
Support harmonisatio
international water resources a

nal Community
n efforts on
Jlocation
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and development
Provide financial support for devel-
opment planning and implementation
Participate in general development
efforts

Support technology wansfer and
indignation effors

Support human resources develop-
ment and other capacity building mea-
sures

International Agencies:

This includes multilateral, bilateral
and international agencies. Their role
is set as follow.

Support need and resources assess-
ment efforts, goal, objective and strat-
egy seuting :

Participate in action plan prepara-
tion

Provide financial support for gen-
eral and specific development efforts

Participate in project preparation
and implementation

Support capacity building and tech-
nology transfer efforts.

Support harmonisation efforts on
international water use

Neighbouring Countries

Create conducive ammosphere for
amicable utilisation of transboundary
resources

Participate in and support the cre-
ation of enabling environment and in-
stitutional arrangement for equitable
utilisation of transboundary water re-
sources.

Undenake data collection and cre-
ate exchange mechanisms for develop-
ment planning

Local & International NGO’s

Participate in need and resources
assessment and setting of goal and ob-
jectives -

Support action plan and project
preparation

Implement water resources devel-
opment

Support project operation ang un-
dertake monitoring and appraisal

Support capacity building, adapta-
tion of technology and human re-
sources development

Participate in public education and
awareness aclivities.
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Conclusions

General
The important issues related to sus-
tainable water resources development
is the establishment of proper and ap-
propriate  development framework.
Some general ideas has been put for-
ward in this paper on the approach
framework that are considered to be
essential for the planning and imple-
mentation of fure development. The
presentation is not exhaustive and com-
prehensive enough to cover all aspect
at the required detail and depth. In this
frame work sustainable development is
conceived to be altainable if the re-
sources and needs are properly know
and an all inclusive integrated develop-
ment plan is prepared and implemented
with full the participation of all poren-
tial stakeholders with adequate and
continuous financial allocation under
an efficient, professionally guided
management system. Proposals on a
course action for laying the foundation
for sustainable development are out-
lined in the following sections as par-
tial recommendation of this paper.

Proposal for Short Term Start UP
Activities |

Figure 3 shows a series of tasks that
would constitute a start up activity for
laying the foundation for sustainable
water resources development over the
comings 30 years. The start up activi-
ties could commence for example in
year 2000 and be implemented up to
year 2005 as a five year programme.
The start up programme are presenied
in four discrete but interrelated activity
components as indicated in the follow-
ing paragraphs.

Preparation of Action Plans:

At present the master plan for four
of the river basin has been completed.
For the remaining basins basic plans on
water resources are available except for
Genale Dawa basin which is the least
studied basin in the country. With con-
certed effort and allocation of re-
sources the master plans for all river
basin and the preparation of an action
could be completed with in a period of
2 to 3 years. The action plan should
cover a minimum of 30 year develop-
ment time frame.

Pre Action Plan Implementation
Activities

— ]

The result of the action

; 1
lead to the Preparation gng eP;:m shy)
: a
of lhr_ee Important impkm‘cm‘t‘m
strategies. “Matigy

Formu']atmn of financing iy
and securing of financig] sour, -alc'v
project to be implemented iy, lhc.L
to medium time frame, say § ILS
after year 2000,

Preparation of action play imp|
mentation policy o suit the genf,:i
development frame work of (he Goé
ernment. For example at presen, l}:,:
Government follows a five year devel.
opment plan period set in the ruling
party program. The policy formauo;,
could be integrated  with h
programme of the government.

Preparation of enabling legal meang
and mechanism necessary to imple.
ment the action plan.

S f()r
Shgn
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Institutional Set Up

The institutional set up emanates
from the enactment of the policy and
legal measures and should include the
establishment of appropnate
organisational strucrure in the govern
ment, public and private sector, 10 cre-
ate the organisation base for imple-
menting the action plans.

Action  Plan  Implememation
Programme

A set of six programme component
are envisaged to implement the action
plan.

The Development Planning &
Implementatien Programme: This -
cludes project identification, prepard
tion and implementation activities and
the operation of the schemes as pre-
vided for in the action plan.

Capacity Building Programme
This is geared to create the necessdry
capacity in terms of facility infrasouc-

ture, technology and manpower.

Training &  Skill  Build-wp
Programme: The programme will ded
with the training of highly advanced
professional to low level skilled ma¥
power needed for implementing the 4¢
tion plan.

Public Education & Awaren¢®
Programme: The objective is 10 fd”;
cate the public and create the necessd)
awareness to enable the mcﬂ"'"gr:‘

participation of the public jn water!
sources development

prfl 9—000
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Play, gl z and Devclopn;;:{l;
enacm | ResCaI'C . This is geared to (frr -
:memamn. program™ ’wilh the necessary 1m »ra
hun? e <3P port the implementation
g Sty | SUCTre t.o su];;m_
3uch‘e§3‘_ U{[hcﬂCUOT Pon of Water Résources
Vthe ‘h zc]r: PrOP‘:;zm ]mplcmenmlion Stagesr .
05 )‘E;. gvelop lanning and deveIOpm§n1?
The p ces requires €X1ensive _and
N iy | Wt Lej:llafm(;um of data cg]lecuo:;,
© Bengy cnum;ex analysis and evaluation Of;l -
the Goy, Comp've plans, huge mv'eslr.nen.t or
Cseny, I-emi“:nenlaﬁ(m and 1115t1mt|on§l,
€ Gy, P eisational and financial commit-
1€ Tyl orgafofﬂ nation for operation. For this
ormauu;l mcl_l n a staged planning and develop-
With imo. roach need to be applied 1o
! memr:]ilﬁa: planning 1s correct to the
4l meay :2::m possible. Water resources Fieve]—
© inple opment should be planned an.d 1q1])le-
| mented insix stages as shown 1_an|gure
| 4 for which the general activities and
p | output for each stages are dlsgussed b_e—
| low based on the integrated river basin
CIMANAES  Gevelopment master plan approach.
licy ang Reconnaissance Stage: The recon-
Clude: the < TS H consists of field and of-
Propriake| - fee snudies with the objective of pre-
P BOVEIM paring 9 preliminary river basin devel-
RO U opment master plan, Initially the avail-
mplel able national data is smdied and
| amlysed followed by rapid field study
mnmnon: and site investigation in which the as-
sssment of the natural resources are
mponent made Ap invenrory of the resources in
1€ ANt of quaniity and quality, oceur.
] renc.t'., Prospective use, limitation con-
g A: Sams, etc. will be pProduced as a resu]t
TIAHS, o lhf’ nitial anempr, rther site inves-
rzleef:l:d‘ :gmmfl' Observations ang data collec-
S G s e
2 aCtivitiesr);u ¢ final result of
rramme: imingry maston 5 0 produce the prfi-
zeessaty|  indjcyy the Plan report \thlCh will
‘rastrue| ooy - eSOUTCes Potential, devel.
& m’;‘np.rospeqs and the ploha) el
Build-f| ey, engr Quiremen, The social,
vill dedl] - cq d5pecyg & technical 4pg econom;-
vanced| ey o | 4T€ assessed oy Preliminary
od man| gy bfnelﬁ): Potential jsgy g, —
g 4 Maste, Plan;
Sage s the T€paration Stage: This
o 0 MWy MPOrtant Planning
10 cdl_J’ the deVElop amentj) decision op
C('Tssa(l)l ihttrerme of ¢ Of Tiver basin anq
ning u‘ ; ﬂluglcalb e alteration of the o
ater € | Msgng an ¢ taken, Ty, "
e ang o5 Shoulq pg ¢ de o,
€Quate epth o
and th
2000 key y
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decisions at each phase and at the final
plan should involve wide sector of the
public and private interest. Essentially
the master plan will present the magni-
tude of the available resources, com-
prehensive need assessment on the re-
sources, the development options and
recommendation over a jong period
time frame i.e. from 30 10 50 years. The
completion of master plans for all the
river basins of the country will be nec-
essary for the preparation of develop-
ment strategy and action plan,

Project Preparation Stages: At this
stage specific development projects
such as irrigation, power, soil conser-
vation, drainage, flood coniro] erc. or
programmes like livestock improve-
ment, environmental health control,
wildlife conservation erc. are prepared
for implemeniation. The projects or
programmes are studied and prepared
in the sequence and in accordance witl
the River Basin Development Master
Plan. The main objective at project
preparation stages is 1o make a detailed
Investigation and analysis of physical,
environmental, social and economical
aspects and make alternative technijcal
analysis in order 10 determine the most
effective method of implementing the
project.

Implementation Stage: Implemen-
tation is the activity concerned with the
execution of the project or programme
that has passed through preparation
stage. Implementation may involve
strucwral or non-structural measure or
combinations of both, as determined
from the project preparation reporrt.

Operation Stage: At the operation
stage the development s giving fruit,
The main activities at this stage is to in-
stitute the management systems for en-
abling the production or performance
at predicted leve]. Maintenance, reha-
bilitation and Production are the main
elements of thig activity. Successful
operation will depend on appropriate
management, institutional set-up,
Organisational structure and financial
Source and commitment,

Monitoring Stage: This is post au-
diting activity of monitoring and evalu-
ation of the executed works of planning
and development with the objective of
making critjca] analysis and review 1o

PIesent a reliable starus report on the

achievemen; of development

Tefera Woudeneh

Programmes. Monitoring and evalua-
tion will inform planners, developers
and the general public on the positive
and negative aspects of pianning and
operation, on the achievement of in-
tended objectives, on unforeseen ef-
fects or impacis and so or,.

Proposal on Research &

Development Frame Work

Research and development (R&D)
in the water sector is lacking at present,
There is no institutional responsibility
and what ever little activities that are
being carried out in this area are geared
to meet the individual research objec-
tives. R & D in the water secior will be
an important parn of the overal] devel-
opment efforts as this aspect will deal
with the scientific and technological re-
quirement for the envisaged water re-
sources development. Without 11, sus-
tainable water resources cap not be
contemplated. In view of the impor-
tance of R & D work in the water sec-
tor, 4 proposal on approach frame work
is presented as shown on Figure 5.
Three basic Sieps are envisaged which
will lead to meaningful contribution of

R & D to sustainable water re-
sources development.

Assessment of the Existing Situa-
tion

This step is basically an enury point
and the objective is 1o know the exist-
ing activities if any and rationalise
them in the context of the proposed
frame work.

Approach Framework

R&D in the sector should be aimed
at identifying water resources develop-
ment constraining problems and seek-
ing solutions at all levels and in all wa-
ter resources development activities,
There are two main components that
should be analysed and integrated into
an overall R & D frame work and op-
erational direction. These are:-

Investigation of National, Regional
& Community Specific Problem: The
main problems constraining water re-
sources development should be identi-
fied at national, regional and commu-
nity level and the role of R & D in
bringing about solution to development
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Sus

ic
problems should be d_eﬁn;d'. ?g&::f;'
areas of concem are m<.hc.ate n e
Integrated & Holistic Reseafr z.“er
& D has to cover all aspects 0 \'Nd's-
1eSOUTCes development 1n 2 mu}tl:n;e_
ciplinary approach and present z;n lder_
grated solution to the problems ; in -
ing sustainable development. The sp}
cific areas of interest wou}d be the
analysis of the socio ecological, water
resources management, water use and
water resources development systems
to sudy links, interdepcndcncies a.nd
disturbance level and provide solution
within this frameworks.

The expected out put

Having assessed the problems in
the context of the two main approach
paramerers R & D would be carried out
1o provide appropriate solutions for in-
tegration in planning and implementa-
tion of water resources development
activities. Basically R & D will lay the
base for the adoption and indignization
of water technology, build up profes-
sional capacity in the sector, provide
solution based on applied research and
will assist on the integration of science
& technology into the public domain.
The end result of properly imple-
mented R & D undertaking would be
to underpin sustainable development
on robust scientific and technological
base. In the final analysis R & D inthe
water sector has to be institutionalised,
with the institutes of higher learning
and government establishment taking
leading roles. This aspect needs com-
mitment and urgent attention.In the
preceding sections the issue of sustain-
able water resources development in
Ethiopia has been discussed in a
broader and general context. For Ethio-
pia, sustainability has to be realised in
the generation time frame . The crip-
pling poverty and the general depen-
dence of the Ethiopian agriculture, en-
ergy sources and lack of water for
health and biological requirement has

put the present generation at risk. A
generation at risk may not be able to
ensure the need of the comings genera-
tion even if the need is considered to be
equal to that of the present one. Sus-
tainable  development  has to
operationalized with in this existing re-
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1.Introduction

ence of farmers ha_s es-
the progress of s-c?encc
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e and improved ani-
te favourable con-
crease in the pro-
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logy,
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™ ensive agricultur
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cvity of the soil. e
duci\;’l;)l’ication of nitrogen fertilizers

has particular importance. ThlS. is I?e-
cause nitrogen is one of the basic min-
cral elements required by plams'. Un-
formnately in most soils thfare is not
enough nitrogen to provide hlg}} yleld_s.
Application of nitrogen fertxhzer_s In
soils enables to increase crop yields
rapidly and to improve their quality ap-
preciably. However, only about one
half of the fertilizer nitrogen is taken up
by plants during the year of applica-
tion. This value may be as low as 25%.
About 25% of the nitrogen applied is
lost from the soil plant system and
about 25% of the nitrogen applied is
immobilized in soil the first season of
ts application .
iZerliJrrxe;:,iltc}lle dominant nitrogen fertil-
Restien agriculture, Consumption
ated to be fifty million metri
tons 2hnually. Hence i e
should be Biven w special attention
red with the yge ofproblems s
hese Problems re urea as a fertilizer.,
sult largely from the
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goil Quality on the
Eﬁeﬁm osition of Urea Fertilizer

-er, Arbaminch Water Technology Insitue, P.O.Box. 21, Arbaminch Ethiopia

Abstract

The chemical, biological and physi-
cal properties of different soils strongly
influence urea transformations and ni-
trogen loss from soils . knowledge of
the basic urea- nitrogen path ways and
transformations is needed to improve
its fertilizer use efficiency in agricul-
ture. Therefore it is necessary to know
the urea release pattern in a given soil
so that it matches the plants need for
nitrogen.

1.1 Determination of nitfrogen in
soils

There are several methods for the
determination of ammonium and ni-
trate in soils. The standard method used
for the determination of ammonium
and nitrate in soils is the Kjeldahl distil-

" lation method .

Electrochemical studies over the
last 20 years on ion transfer across the
polarized oil/water interface have
shown that this interface can be em-

ployed for  voltammetric and
amperometric determination of ions.
2.Theory

Electrodes are devices with which
one can detect the movement and sepa-
ration of charges occurring at phase
boundaries, as well as induce and vary
such processes by means of a forced
current flow, An electrode can be a
metal wire immersed into an electro-
lyte solution or two immiscible electro-
lyte solutions in contact with each

f the main issues in agriculture all over the world. One way to increase
lication of fertilizers. Urea is the most extensively used nitrogen fertilizer in the
ot be taken up by plants as it is applied, for it has to be decom-
ence special attention should be given to the problems encountered with the
match the decomposition of urea to ammonia and nitrate with the demands
n of the atmosphere as a result of ammonia volatilization and pollution of water as a
the decomposition of urea depends strongly on the chemical, biological and physical
to. The knowledge of the pathways of urea decomposition and the transforma-
t for the effective utilization of urea fertilizer. The release of ammonia and
the application of urea has been investigated in three soil samples. The chemical
rried out by the classical standard methods and in-.comparison with another method
he laboratory. The results are discussed on the basis of the chemical properties

other. The electrodes are referred to as
metal/electrolyte  solution electrode
and electrolyte solution/electrolyte so-
lution electrode respectively .

2.1.Analogy Between Metal/
Electrolyte Solution and Electrolyte
Solution

When two immiscible electrolyte
solutions are brought in contact with
each other, where one of the solvent is
water and the other is an organic liquid
and when the aqueous phase contains a
strongly hydophilic and the organic
phase contains a strongly hydrophobic
electrolyte, then the propertes of the
interface (ITIES) become completely
analogous to those of a polanzable
electrode .On the other hand if there 1s
sufficiently large concentration of ions
with high exchange rares present in
both phases, the ITIES behaves like a
non-polarized electrode.
—| +
= W S
Capacitor

Resistor

R---->0 ideally non-polarizable electrode
R ----- >¥ ideally rolarizable electrode

Fig.1.Electrode surface model on the
corresponding equivalent circuir.
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Effect of Soil Quality

In both the metal/electrolyte solu-
tion electrode and electrolyte solution /
electrolyte solution electrode a poten-
tial difference will occur between the
two phases which is called the Galvani
potential difference (GPD). The mag-
nitude and sign of the GPD depends on
the composition of the rwo phases in
contact with each other. Inorder to
measure this galvani potential differ-
ence one has 10 build up an electro-
chemical cell. This is done by employ-
ing reference electrodes. A reference
elecrode is an electrode which pos-
sesses a constant GPD at the interface

between the metal and an electrolyte
solution .

3. Experimental

3.1. Standard (Kjeldahl) Method

Kjeldah! tlasks and condensers
used for this experiment were made (in
the chemistry department glass blow-
ing workshop).

Five soil samples were brought
from Gojam (Angenea) in co-operation
with the Ethiopian soil conservation
project.

3.1.1.Determination of total
nitrogen

10 grams of each soil sample was
taken and the nitrogen of the nitrog-
enous substance in the soil was con-
verted into ammonia by boiling with
concentrated sulphuric acid, which was
fixed by the excess of acid as ammo-
nium sulphate. The latter was deter-
mined by adding an excess of 40% so-
dium hydroxide solution and distilling
of the liberated ammonia into excess
boric acid mixed indicator solution 1o
be absorbed as follows

NH, + H,BO, ---->NH,” + H,BO,’

The borate ion formed was deter-
mined by titration with standard 0.1 N
hydrochloric acid, one mole of HCI be-
ing required for each mole of NH,.

H,BO,- + H'

The solution at the equivalence
point contains H,BO, and NH Cl, so an
indicator in the pH range 5-6 was nec-
essary. A mixed indicator
(Bromocresolgreen-methylred)  was
satisfactory.

3.1.2. Determination of Available
Nitrogen.

Available (nitrate and ammonium)
nitrogen in the soil sample was deter-
mined as follows:

10 gram of each soil sample was
added to 100 ml of 10 mM CuS04 so-
lution into an Erlenmeyer flask and was
shaken for 1 hour using Gallenkamp
flask shaker. After filtering, the extract
was transferred into the Kjeldahl flask
for the determination of ammonium-ni-
rogen and nitrate-nitrogen by distilla-
tion with MgO and Devarda’s alloy-
MgO mixture respectively. The re-
maining procedure was the same as
3.1.1.

3.2.Electrochemical methodu

Fig.7 and 8 show the block diagram
of the experimental set-ups for the elec-
trochemical method used in the experi-
ment.

3.2.1. The flow system and the

sample

The flow system was realized by
utilizing a gravity flow. A container
filled with 10 mM copper sulphate so-
lution was positioned at the required
height and the carrier solution (10 mM
copper sulphate) was made to pass
through a tbing to the sample loop.
The 'sample loop injects 25ml sample
solution to the carrier stream.

A dialysis membrane (PT-600)
having a thickness of 45 m was used to
stabilize  the  water/nitrobenzene
interface.The membrane was fit on to a
teflon twbe by the help of a plastic O-
ring. The teflon tube was filled with 10
mM solution of EtVTPB in nitroben-
zene which was used as a supporting
electrolyte in the organic phase. The
supporting electrolyte in the aqueous
phase was 10 mM copper sulphate so-

Counter electrode (W)

I
Potentiostat] |
A
Ref, (W)
rnterface ] (W)
Ref. (0) I (0)
T
Ccunter electjrode (0]

Fig. 2. The four-electrode
potentiostat
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3.2.2. The ammonia sensor | p
The ammonia electrode ORIONl
uses a hydrophobic gas-permeabyl 1ic
membrane to separate the sample sol| g
tion from the electrode inem i
solution.Dissolved ammonia in th th
sample solution diffuses through th
membrane until the partial pressure of
ammonia is the same on both sidesof  fi
the membrane. In a given sample the| d

partial pressure of ammonia will b
proportional to its concentration.

Ammonia diffusing through b
membrane dissolves in the ' internd
filling solution and, to a small extent
reacts reversibly with water in the fill
ing solution.

NH,+H,0 - NH, +OH-

and

[NH,] . [OH)/[NH,] = constant

The internal filling solution cor
tains NH4Cl at a sufficiently high level
so that the ammonium 1on concentr:
tion can be considered fixed. Thus:

[OH] =[NH,] . constant

The potential of the electrode s
ing element with respect to the inter?
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nitrate across ITIES
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is caused by dis-
.on of the injected sa'mple plug In
inar flowing carrier stream, 15
the Lo he current- time ‘re-
monitored by the
spor:;;en 25 ml of _the stapdari solu-
rion of nitrate was injected mFo the car-
rier solution at different apphed poten-
tials with in the polarization ra'nge of
the supporting elecuolytes, different
current-time responses wWere observejd.
For potentials sufficiently negative
from the half-wave potential, a limiting
diffusion current is obtained. This lim-
iting current is given by
i = kZD’C,
where,
Cb = the bulk concentration
D = the diffusion coefficient
Z = charge of the ion
k=a constant which depends on the
ﬂow'rare, the viscosity of the carrier
solution, the geometry of the wall-jet
amangement and the dispersion of the
mjected sample.
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for the transfer of nitrate across a mem-

brane stabilized ITIES.

4.2.Application of the method to soil
samples

Five different soil samples were de-
termined for their nitrate and ammo-
nium content using the flow injection
amperometry (FIA) and ammonia sen-
sor respectively. The values obtained
were in good agreement with the values
obtained by the standard (Kjeldahl)
method (Tables 1 and 2).

Since only ammonium and nitrate
can be taken up by plants from urea, it
is of great importance for farmers uti-
lizing urea as fertilizer to know the time
when these two ionic species are
present at maximum concentration af-
ter the application of the fertilizer.

The aim of this investigation was
two fold:

i) the determination of ammonium
and nitrate in soils by electroanalytical
methods and to compare the results
with those obtained by standard meth-
ods used for the determination of am-
monium and nitrate in soils.

ii) A search of the literature has re-
vealed that little has been done on the
time dependence of the decomposition
of urea into ammonia and nitrate in the
soils of Ethiopia. Therefore the time
dependence of urea decomposition into
ammonia and nitrate in selected soil
samples has been investigated employ-
ing the electroanalytical methods

The electrochemical method was
then applied to the determination of ni-
trates and ammonium in three selected
soil samples with low, medium and
high total nitrogen contents. Samples

Sample 1 2 3 4 5
Kjeldahl | 6.8 | 7.0 [ 7.5 ] 6.8 | 11.2
FIA 6.6 6.7 ]|7.4]6.7|11.1

Table 1. Nitraie content (in 10° M) of
soil samples determined by the
standard(Kjeldahl) method and FIA

Avail ¥,

Total | Total C/N | Molsture [ pH
wxio™

cartbon | nitrogen | ratio | content
() (V) (Y

Sample
nuzber

1 0.28 0.03 9.3 10.2 5.8 | 2.3

2 1.06 0.13 10.6 | 11.5 65 |27

3 4.08 0.28 .6 |8 S48

Table 2. Ammonia content(in 107 M)
of soil samples determined by kjeldahl
method and ammonia sensor

Abraham Meressa

Saxple

nurber

Total | Total 5 | Moistaze
carta | nitrogen | ratis | coatent
1) t] )

=
H l hril.3,
(hai0™

[

1 0.2 |en 9.3 12 AR AT

3.t

2 Lot jour  fuee fus les las

[5.4 Jza

]
3 L fon fas |

Table 3. Total carbon, ro1al nitrogen,
available nitrogen, C/N ratio, Moisture
content and pH of selected soil samples.

were analyzed for pH, moisture content
and carbon content.

From Table 3, it is shown that the
amount of available nitrogen in sample
no. 1 is very low. This may be due to
the low total nitrogen content. The
available nitrogen in sample no. 3 is
less than that of sample no. 2 though
the total nitrogen in sample no. 3 is
much greater than that of sample no. 2.
The possible explanation for this is that
nitrogen mineralization is a microbio-
logical process controlled by several
factors such as pH, temp,
moisture,...etc. Several smdies have
shown that the soil pH is known to be
the limiting factor for nitrogen mineral-
ization. This process has been found to
be minimal at low soil pH. As result, ’
nitrogen mineralization in sample
number 3 is slower due to the lower soil
pH, and consequently lower nitrogen
availability.

To the above soil samples, fertilizer
urea was added (4 mg/kg soil) and its
decomposition studied by measuring
the total nitrogen, nitrate-nitrogen and
ammonium-nitrogen daily for 32 days.
All values reported were the average of
at least four measurements.

As can be seen from Figures 4,5,6,
there is a large increase of ammonium
concentration in all the soil samples
one day after the application of urea.
This increase in ammonium concentra-
tion suggests that urea hydrolysis oc-
curred rapidly.

Compared to the other samples, the
increase in ammonium concentration
in sample no.3 is slow. A possible ex-
planation for this is that, the overall rate
of urea hydrolysis in sample no.3 may
have been slower due to the lower soil
pH and lower moisture content.

Urea is hydrolysed by the enzyme
urease and the optimum pH for the ac-
tivity of this enzyme has been reported
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1o range from 6.5 to 9. It has also been
found that greater soil moistur®content
promoted hydrolysis of urea.

In the first 5 days after the applica-
tion of urea, the nitrate content in all the
soil samples showed little or no change
. This could be due to the nitrification
inhibiting effect of high pH resulted
from the fast hydrolysis of urea. The

activity of nitrifying bacteria is found
to be inhibited at soil pHs below 6 and
above 9.

The NH,* concentration started to
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decrease quickly in samples 1,2 and 3
respectively 9,10 and 12 days after the
application of urea. This decrease in
NH," concentration may be due to am-
monia volatilization, nitrification and
immobilization.

The driving force for ammonia
volatilization is the ratio of NH, to
NH,", which increases with pH.

Urea hydrolysis can be represented
as follows.

CO(NH,),* 2H+ 2H,0 ---> 2NH," +
H,CO,

The net result of the above reaction
is the consumption of 2H+ ions from
the soil for each mole of urea hydroly-

718192021 222324 252627282930 3132

- vs tme after application of Urea

sed. As aresult of this H+ consum,
tion, soil pH increases substantially ang
the proportion of NH, increases pr.
moting ammonia loss to the am.
sphere. ) !

From the curves, it can be seen thy
the amount of plant available nitrogen
content 1n soil samples 1, 2, and }
started to decrease respectively 10, 1]
and 15 days after the application of
urea. This may be due to the loss of
nitrogen to the atmosphere, as a result
of ammonia volatilization and denitri
fication, and immobilization of niuo-
gen.

As a result of the loss of nitrogento
the atmosphere the total nitrogen con-
tent of all the soil samples is expected
to decrease. However, Fig.7. shows
that the decrease in total nitrogen con-
tent in soil no.3 is not significant com-
pared to the other two. From this ob-
servation it is possible to conclude that
the major reason for the decrease of
available nitrogen in sample no.3 is not
loss of nitrogen to the atmosphere but
incorporation of the available nitrogen
into the organic mater of the soil.

This could be explained by the high
carbon content and high C/N ratio.
High level of available carbon in soils
encourage proliferation of soil micro-
organisms that are capable of rapidly
immobilizing the available nitrogen
present. Microbial nitrogen demand 15
mainly determined by the amount of
carbon present in the soil. And the high
C/N ratio indicates a higher rate of 0

water 3(1) April 2000
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Small-Scal

Appropriate Treat

Esayas Alemayel, Ke

Small-scale sand filter as a method of appropriate
impurities at household level In an attempt to test the cd (
wrbidity. color, Iron, manganese and effectf ?n pH an. e. i,
from smiche stream was conducted after initial examination
small-scale sand filter from Nov. 10,1998-Jan 8,.1 999,

Small-Scale sand filter was made from a 160 litre barrel. A
barrel. A 10cm deep well-washed coarse sand (dia. 1-2mm
fine sand (dia. 0.2 -Imm) was laid over the layer of coarse

it to filter up to 150 liters of raw water per day LRSS ‘ :
[orlt,};ebz:tory test rﬁethods and instruments used are:- determination of fecal coliform by multiple tube Methgg
k)

i : ure by el X i
(MPN); turbidity by turbidimetric; color, Iron and manganese by palin tests; pH and temperature by electro Meterj,

bede Faris, Gebre Zelcke,

o Sand Filter as a Methoq
ment for the Remoy,
of Biological, Physical and Chemical
Impurities at Household Level

Jimma Institure of Health Sciences,P.O.Box. 973 e, gy,

Abstract

methods were conducted, in SHE laboratory in JIHS.

The initial laboratory test resulted an average concentration of fecal coliform to be 2004.6 MPN/100mL; turbidyyy

treatment for the removal ofpiological, pl'lysicalland che
ffect of samll-scale sand filter in the re.ducl.mn of fecal &l
mperature; initial lnboraror'y examinations of sampj \
de. Represcntative samples was filtereg ),

half inch out let pipe with its accessories was fitteq t0 h,
er of gravel; And 60cm deep very
sand. The max. Filtration rate was set :at 0.15my/h, lm@nded
provided water is added at reasonable intervals,

)was laid over the lay

Pigy

mical
|0“\
ake
Ough

C'(‘;]n

116.1 NTU; color 108.3 TCU; iron 0.26 mg/L; manganese 0,169 mg/L; pH 6.4.3-8.7; and ter.nperatu‘re ]&fu(_l, 2.5
Sample which was filtered from the same source shows that very good reduction of contaminants “3:&; hieved, (;mer
1-4 weeks of operation, the average concentration of fecal coliform was lp\vered downto 1.5 MQPI\ n?L (99.925y,
redu.); turbidity 3.32 NTU (97.14% redu.); color 4 TCU (96.31% redu.); iron 0.07 mg/L (73.08% redu.); manganes

0.071 mg.L (58.0% redu.); pH 6.98-7.56 and temperature 20.1°C -21.7°C.

This study has revealed that filtration of raw water through small-scale sand filter of the type used for the Study
can remove contaminants upto the recommended vaues by WHO and/or standard books. As the number of operatiop

days increased the efficiency of the filter increases.

Communities, whose water sources are unprotected and not treated, can use the method adapted for this study,
Larger families may require larger filter which can hold more filter media and water. La. ver filter cfin be built with
bricks and mortar in the same way, or even traditional pots or cement jars can be used.

I. Introduction

Water is life, and one needs to look
broadly at the indispensable nature of it
to human life, because with out which
life is not possible (1,2). It is a unique
substance and one of the most impor-
tant natural resource but its amount in
nature is fixed ; of all the water avail-
able on earth only 0.007% is fresh wa-
ter that is renewable and available for
use on a sustainable basis (3). Its avail-
ability alone is insufficient to support
life . Its quality is also of supreme im-
portance.

Of course, more than 25 millions of
people lose their precious lives each
year in the world due to diseases spread
through consumption of unsafe wa-
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ter(3). It has been reported that, of the
4.5 billion population of the develop-
ing world, more than a billion have no
access to supply of safe drinking wa-
ter(4), with the result that diseases re-
lated to water are the major causes of
high morbidity and mertality in devel-
oping countries.

In Ethiopia, up to 1990 the esti-
mated coverage of urban and rural
population with safe drinking water
was 18.8% (5).0n the other hand data
obtained from the UNICEF, for the
year 1992 indicate that more than 87%
of the total population live in rural ar-
eas. Out of these only 19% get access to
safe water, with the remaining 81%
drawing their water supplies from con-
taminated sources. Apparently, warer

from these sources has a large chance
of being contaminated with the fecal
matter as well as other impurities, pro-
vided by the fact that about 80% of dis-
eases prevalent among the people of
the country are water- related(6). All
these signify that much of the world
population and much more of Ethiop-
ans are suffering from luck of safe wa-
ter and water borne diseases. In this
case water to be used by a community
needs some method of eliminating con-
taminants, :

Although safe and reliable water
supply is badly needed, the installation
of conventional water treatment plants
in rural and suburban area of develop-
ing countries is, at present, impractical
due to operational consideration, eco-

water 3(1) April 2000
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ganisms and complex salt in solution,
has, in its passage through some 40-
50cm of filter meddum, become virtu-
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able of reducing the toual bacteria
content by a factor of 1000 to 10000
and the E. coli content by a factor of
100 to 1000 (9). The bacterial activity
described is most pronounced in the
upper part of the filter-bed and gradu-
ally decreases with depth as food be-
comes scarcer. When a filter is cleaned
by scraping off the top layer, the bacte-
ria in the layer are also removed, and a
further ripening period is necessary to
bring the population up to the required
strength (10).

Filter operation needs care in some
aspects, scouring of the filter bed and
resuspension of settled matter, due to
uncontrolled addition and drained of
warter, must be avoided. This will cause
surges of water through the sand. By
careful addition and draining of the fil-
ter, water quality can be improved sig-
nificantly. Drying of filter bed should
be prevented berween filter runs. If it
occurs, the filter media should be taken
out completely and replaced again. If
not, cracks, will be formed that actas a
conduit allowing short-circuiting of
raw water. The filter should be cleaned
when the flow is reduced, normally af-
ter a few months. To clean the filter,
drain out the water and scrape off a
very thin layer, about 10mm. thick
from the sand surface and thoroughly
washed and replaced in the filter. For
sufficient treatment by filtration the
initial water source should be selected
if available, other wise if the source
water is too muddy, it must be allowed
to settle in a drum or tank before adding
it to the filter (8,9,10).In a properly op-
erated sand filter, the filtered water
may be safe for drinking, there by
avoiding the need for chemical disin-
fection.

2. Objectives of the Study

2.1 General Objective
The general objective is to deter-
mine the efficiency of small-scale sand
filter using microbiological, physical
and chemical parameters before and af-
ter filtration process and make recom-
mendation based on the result.
2.2 Specific Objective
1. To detect the load of fecal
coliform organisms of water samples
and after filtration.
2. To determine the level of turbid-

Esayas Alemayehu

ity and color of water samples hefore
and after filtration.

3. To measure the temperature and
PH of water samples before and after
filtration.

4. To determine the level of concen-
tration of iron and manganese of water
samples before and after filtration.

5. To formulate recommendations
based on the results on 1ts applicability.
construction, cost and the need for fur-
ther in depth study.

Limitation of the study

- The study is limited only on those pa-
rameters found more indicative for the
efficiency of small- scale sand filier.

+ Since there is no established national
water quality standard in the country,
the data analysis and interpretation will
be based on guideline values recom-
mended by WHO and/or drinking wa-
ter standards recommended by several
developing countries.

+ Shortage of materials and reagents.

- Time was a limiting factor 10 perform
a detail analyses.

3. Methodology

3.1 Study Design:- An experimen-
tal study was conducted from NOV.
10,1998 to JAN.8,1999 in Environ-
mental health school(SEH) laboratory,
Jimma Institute of Health Sciences
(JIHS), Ethiopia.

3.2 Design and Preparation of the
small-scale sand filter:-

Filter Barrel :- small-scale sand
filter was made from a 160 liter barrel.
It was cleaned out and painted with
none water soluble anti-rust paint. A
half inch out let pipe with its accesso-
ries was fitted 1o the barrel. The under
drain pipe which was perforated and
covered with wire mesh(dia.<lmm.)
was fitted horizontally with the water
delivering pipe as shown in figure 1, so
that the out let pipe rises 3cm above the
top of the filter sand. This ensure that
the existence of some layer of superna-
tant water on top of the sand bed at all
times to keep the biological film active
and alive. The cost of materials rc-
quired for a single filter barrel as of
NOV.1998 market prices(Jimma town)
is Birr 225.
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wributing the water $
hed. .
- Filter capacity
contro]:—With su
parrel will have a
which will be ready for use after4 1035
nours of operation. If water is added at
reasonable intervals, the unit can treat
up to 150 liters of raw water pre day,
which is sufficient for an average fam-
ilv of 10 persons at the demand indi-
cated (4.11). Although the filter w_o;k
clining rate of filtration, 1t 18
essential to control the maximum rate
of filtration to get an effluent of good
quality. This is provided by fitting a
faucet (Tap) on the out let line as
shown in figurel. And the head is regu-
Jated by opening or closing the Tap by
half or full round to have the maximuim
filtration rate of 0.15m/h
3.3 Survey and measure the water
quality
In developing national standards,
it will be necessary to consider 2 vari-
ety of local, geographic, socioeco-
nomic, dietary, and industrial condi-
tions. This may lead to national stan-
dards that differ appreciably from the
WHO guideline values. For small com-
munity water supplies only a limited
selection of parameters could possibly
be used to survey and measure the wa-
ter quality for public supplies. The
WHO guidelines suggests that the
main emphasis be placed on microbio-
logical quality, followed by aesthetic
considerations. Furthermore, the re-
moval of many chemicals constituents
from water requires sophisticated treat-
ment processes that are beyond the eco-
pomic capability of people in develop-
ing countries (9,12). So, this project
concentrates mainly on the removal of
pathogen, solids, organic matter and
some chemicals in the raw water.

and filtration raté
ch arrangement the
25 liter capacity,

under de
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3.5. Frequency of Analysis:-

To observe how the filter bgd of the
small-scale sand progresses with time,
the bacteriological quality of the raw
and filtered water is analysed wgekly.
A total of seven samples with an inter-
val of one week for six consecufive
weeks- were collected. For other
paramenters, a total of 13 samples with
an interval of three days for six con-
secutive weeks were collected.

4. Results and Discussions

The efficiency of small- scale sand
filter to eliminate fecal coliform, wir-
bidity, color, Iron, manganese and ef-
fects on pH and temperature were mea-
sured. The effect of the treatment on
each paramerter are discussed in the re-
spective headings.

4.1 Microbiological test:-

According to the study findings the
load of fecal coliform bacteria in the
raw water on average decreased to only
28.26 (98.64% reduction) before
amonth of operation (table 1). This is
probably because of the principal pro-
cesses by which particles are brought
into contact with the sand grains. But,
after a month of operation on average
it decreased further to 1.5 (99.925% re-
duction). This is due to the formation
of filter skin (SCHMUIZ DECKE) on
the surface of the sand.

. after a week of operation it decreaseq

—

Tabe | Microbilogical reg, .
sy

bfifo. re and aﬁer a month of’ N
0
Per.
I(H,q‘

) -
MP ]
Sample | Date Raw m]n\
pumber Waer |q | %
Wale; | :
Befor "
1.V clored 1 2030.84 | 28¢
monthe R84
| |
VIVID | Afler | 200401 {15 |
month l 9.9
\

4.2. Physical test

The physical parameters haye ",
improved greately by incrcasing l;
number of operation days. 3

Turbidity:- Before a week of o
eration it decreased to mean 24pi
(86.4(’/0 redu) (Table 2) This may };e
noticable and consequently objectio,
able 1o consumer as well as i ¢
stimulate the growth of bactenia. By,

further 10 3.32 (97.1% redu.). This j
pecause of the principal processes,
such as screening, sedimentation, mass
attraction and adhesion are increased
once the sand bed is matured.

Color:- Filtration of raw water,
which had on average of true color of
108.3 TCU resulted in the reduction of
color 10 4 TCU (96.3% redu) (table 2).
This is probably because organic mat-
ter (primary humic substance) and met-
als such as iron and manganese (Which
are the major causes of color) are
brought into contact with the sand
grains . This met the drinking water
standard of WHO (12) But, for the first
week of operation, it did not achieve
the recommended value. 1.e.28.3 TCU.

Temperature:-The initial tempera-
wre of the samples varies between
18.5-23.50c (table 2). But, after fil-
mation in the filter the temperawre
level of the filtered water was on avel-
age of 20.9 oC . This is probably be-
cause the adsorptivity of sand media
increases as the temperature drops and
temperature increases as the rate of
sedimentation and filtration decreas¢
(12)

4.3 Chemical tests

The removal of many chemical
constituents from water requires SO

water 3(1) April 2000
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: og(f)rt;;ca()rlatio[r)x, the filtered
ve met the drinking water
quality grandard that became 0.071:ng'/1
of Fe and 0.071mg/1 of Mn. Tt.us is
the electrostatic at-

robably because -
fraction perween a negative charged

particles of colloidal matter 'fmci a cat-
ions of iron and manganese increased,
once the sand martured.

According to the study finding the
initial hydrogen ion concentration(pH)
of the sample varies between 6.43 to
8.7pH; but after filtration, which have
met the WHO recommended standard
value of pH for drinking water supply
l;)z)’nii: ibetween 6.98-7.56pH (table

‘ s probably because in most

/% level of

! /(NTU)’,T color (TCU) Temprature
] e P M
18 0" Tubidy sredu oc
‘;zfp GAF gredu
I.ﬁ wBF - 165.3 g1.7 |18.5 - 23.5
24.1 :
1633 5.3 |4.00|96.3 |20.9
week g7.1 108.
£ 1€ 2

natural water treatrment processes, pH
is controlled by the carbondioxide-bi-
carbonate-carbonate equilibrium  sys-

tem(8,10).
Conclusion and

Recommendation

. The finding of this study proves
thart, the small-scale sand filter to be ef-
ficient in reducing the fecal coliform
bacteria, turbidity, color, iron, manga-
nese, hydrogen ion concentration(pH)
and temperamre levels to their recom-
mended values by WHO and/or stan-
dard books. However, full ripening of
the filter bed and hence its efficiency
may takeup to a month. As the number
of operation days increased the effi-
ciency of the filter increases.

. This simple technology has been
designed that can be made from locally
available materials, and that can be op-
erated and maintained by the house-
holders as well as it is affordable by
most of them. Therefore, in most rural
and suburban communities, whose wa-
ter sources ar€ unprotected and not
reated, water quality can be achieved
by filtering raw water in small-scale
sand filter.

- Larger families may require larger
filter which can hold more filter media
and water. Larger filter can be built
with bricks and mortar in the same
way, or even traditional pots or cement

Table 3. Chemi
e 3. Chemical test re. or . -ati
M T 1 sults before and after a week of operation.
Mean level of
1
ron (mg.L) Mangance (mg/L) pH
i ] WBF
g WAF fredu WBF WAF sredu
before | 0183 | 0.136 | 25 Bl
- -7 0.1273 | 0.153 6.43- 8.7
026 0.
week 07 73.1 0.169 0.071 6.98 - 7.56
58.0

Wat,
er 3(1) Reril 2000
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Jars can be used.

* The impurities remov i
of the filter will be analyoz‘eil] ?c:.rﬁfl:?}?l\
ter media used during the sccoxlu-i
cycles(Fine sand:- dia. 0.2-1mm: acui-
vated carbon: dia. 8-10mm and CI';.lSh d
bricks: dia. Imm.-2mm, )
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An Objective Approach to Drought

Management in Ethiopia

Berhanu Adugna, Arbamin

Ethiopia is one of the most drought-affected cf)untrle i
times in recent years. Nowadays, due to the alarming trend of pop y
to year is becoming more apparent than ev ' )
(NMSA) an attempt was made to quantify the mter:snt)
observed that the worst period appears to be the 1980°s an

Abstract

of the country was mainly affected severely by droughts/famines.

Drought need not lead to panic among the people rfor i.t is linked au'toTlmtlcdal(l)):l “1::1:,:::32;:::; fagly ‘
systems, droughts prone area programmes to relieve the misery of t'he victims, dr ! gLon e nd m;
measures, drought preparedness etc., are, currently, always there with ‘the planr;c(; . htg Wai erm
on integrated basis will provide relief to the solution to withstand'the'lmpact 0 .rOl:g l. e :~0urces de\’elop_ '
ments for drought management in Ethiopia is an essential step. Irrigation plays a vital role In mitigating the

of drought.
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s in Africa and has faced the blunt of drought/ra
increasing demand for more foud mmany
er before. In the study done by the National Meteorological Servie, gzear .
and severity of drought for the country a5 wholc, [ hey
d the worst drought year happens to be 1984, NO"‘hern Wy
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The main objective of this paper is to better understand the factors pred‘is.posing people and landscapes 1o heigp,.
ened drought vulnerability and actions which can reduce drought vulnerability and move towards sustainapye deyg).

opment in Ethiopia.

Introduction

Hurricanes, cyclones, floods, earth-
quakes and tidal waves are natural di-
sasters which are more or less sudden
and occur in a short time but drought is
a worst disaster because it comes on
slowly and causes cumulative loss and
suffering over a long period of time
over a wide area. Since the beginning
of humanity the drought throughout the
world had severe and sometimes cata-
strophic effects on vital activities of
people. It is a phenomenon which oc-
curs in different parts of the world with
unpredictable frequency with the result
that the countries concerned are often
unprepared for the eventuality. It is
generally viewed as a sustained and re-
gionally extensive, occurrence of low
precipitation. It is a creeping phenom-
enon; its accurate prediction of either
onset or end is a difficult task. Drought
severity too, is difficult to determine. It
1s dependent not only on duration, in-
tensity and geographical extent of spe-
cific drought episode, but also on the
demands made by human activities and
by the vegetation on a regions, water
supplies, soil moisture, evapotranspira-
tion rate, etc.

Nearly 80-90 % of the annual rain-
fall in Ethiopia falls in the months of
February to September due to Inter
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Tropical Convergence Zone (ITCZ).
Hence, this rainfall is quite erratic in
space and time, leading to extreme situ-
ations of floods and droughts in the
country. The span of rain season is re-
garded as critical in Ethiopia and a
negative deviation from normal during
this period is supposed to have serious
repercussions on the crop productivity,
Consequences of droughts are many:
economic, social, and political. Im-
pacts on agriculture and rural popula-
tions are of particular importance that
can result in tragic consequences fre-
quently. occurring in Ethiopia. An ad-
verse impact of drought on agriculture
produces a chain reaction on all other
sectors of economy. The food produc-
tion declines, shortages lead to more
dependence on food imports. The share
of agricultural commodities in export
trade also decreases. Every incidence
of drought to be more or less severe
blow to Ethiopian economy which has
its own in built weakness. Drought is
not an autonomous problem. It is
closely linked to the larger problem of
our approach to the management of the
country’s land and water resources po-
tential as the components of an inter-
acting ecosystem.

The main objective of this paper is
to understand more fully the factors
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predisposing people and landscapes 1
heightened drought vulnerability apq
actions which can reduce drought vy;.
nerability and move towards sustaip-
able development in Ethiopia.

Country Background

Ethiopia covers approximately ap
area of 1.1 million Km® of which S3% 1
are under pasture, 12% are arable, 7%
arc covered by forest, 10% covered by
lakes and rivers and 18 percent are
desert or swamps. Ethiopia is a country
«f great ecological diversity, located in
North East Africa, between 3N and
15°N latitudes and 33E and 48°E lon-
gifudes.

Ethiopia is physically and ecolog)-
cally sitated in an environmentally
rich geographical regime. The awral
resource base that includes significant
flora and fauna enabled the country 1o
be one of the best and most significant
biodiverstiy areas of the world. It owes
its diversity mainly to its contrasting
altitude, climate, geology, soils and
vegetation. The variations in these pa-
rameters are quite wide resulting into
many agro-ecological zones in the
country. But ask virtually any one in
the world what they know about Ethio-
pia and they will point out famine,
drought and starving people. This mm-
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a5 used Eht and famine. Considering
plaia droug rential of this country, 1t1s
:(he vast PO he society is confronted
, paradox [ha[But one should not forget
with dlsagtef}-l re is the combination of
the fact_heS i:managemehr. a rapidly
ccopomic 1 ulation, wars and of
expanding POPY d ht.
the recurring arought..

LA be seen from sratistics re-
As can be S€ D
iea;ed by the National Bapk Ef I(Eithloi-

oia (1991/92) ?grnculmre is the dom
nant sector of the economy accounting
for about 50 per cent of GDP and 76
per cent of export revenue in 1991/92.
It is estimated that 1t provides liveli-
hood for 85 per cent of the total popula-
tion. It is estimated that there are more
than seven million predominantly sub-
sistence farm families who, on average,
have a holding of 1.5 ha or even less
per family to cultivare. Despite such a
telative importance of agriculture,
gowthin agriculture was nominal dur-
Ing the eighties, whereas the population
f_;g;":lhwis unabated, with consequent
decades():\::fizsa. thlnrlg the pa§l three
whieve dagrowlih 0od production has
Year, while the oratle o'fabom 2.% per
e rate of 3 o ;’erpu:uon has risen at
€ estimateq foody o (DFID, 1_997_)-
thiopia gpg i ulgr'am Production in
WYyears ar 5 .Eh()atlo].'l over the last
Wnin Table 1. The
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ins Production and Population of Ethiopiq *
'“',re’” Economic Condition in Ethiopias)

growth of agricultura] production hag
not kept pace with the growth of Popu-
lation in Ethiopia.

Expressed on a per ca
1988/89 production was
a year. This believed to be 25 per cenp
below the nurritionally minimum calq.
rie requirement for the Population. If
the total production and nutritional re-
quirement are disaggregated, the N
and North Central regions are see
be the poorest in terms of per ¢
production and hence also In terms of
calorie intake. Table 2 shows the ap-
nual food aid to Ethiopia, which indi-
cates thar a sustained program of agr;-
cultural development is needed to over-
come the need of prevailing food aids,
A strong national policy and commit-
ment 10 rtackle the root causes of
drought could lessen this problem. As
many of the largest markets for food
CXports were once food aid recipients,
countries like Taiwan, South Korea,
Mexico and China, there is no reason
that Ethiopia can tum into food self-
sufficiency. Some former recipients
even have become donor nations.

Pita basis, he
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Drought Overview

Ethiopia is one of the densely popu-
lated countries in Africa. It has often
suffered from acute droughts and fam-
ines causing unprecedented misery to
people. Droughts are reported as early
as 253 BC over the counury (NMSA.
1989).

Danielov  (1987) prepared a
drought probability (P) map of Ethio-
pia based on decile method as sug-
gested by Gibbes and Maher (1975).
The analysis was done based on 137
stations for the main crop growing sea-
son. Some stations have observation of
up to ten years only. According to him
a year was considered to be a drought
year if two months were with rainfall
less than their second decile value dur-
ing the vegetation period, that is from
March to October. Also a year was a
non-drought year in case the monthly
rainfall is close to or more than the

\Belvh

dnu Adugna

or
rraqnsmaration_ € areas yy Vapg.-
'J‘O.Sand P>0 ”hP(‘U.E_

transition angq hiLl;Sdare Marked as jg.,
g€h droyp e
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1969 . 1987 hag be
Ethiopia by the NAMs
Generally, the study
northern ang southea

A (NMSA, 1989,
revealed that the
SIemn parts of the
drought Prone. Bejo
ceptible for droughl;

1975 for Belg,
1984 for both se
60 % of the co
drought.

‘Klrmet is the main rainy season. in
which 85 - 95 v of the annual food
CIops are produced. The percentage of
ram.fall during this periog (June -hSep-
tember) to the annual mean values var-
ies from 10 to 90 9 The Beig season
covers the period from Feb;uar\' 10
May and accounts for 5 - 15 % of the
annual food crop production. The con-
tribution of Belg rainfall to the annual
total varies from 5 10 50 94 Belg and
Kirmertare the rwo important rainy sea-
sons of the counrry.

asons when more than
Untry was affected by

Definitions of Drought

There is no universal definition of
drought as it is location specific and
random one. It is so uncertain event
too. It varied from field to field and
place to place. Definitions of droughy
are difficult and controversial as they
depend on a professional viewpoint or
economic activity. Many of the defini-
tions of drought are based purely on
rainfall status. However, all definitions
of drought make it clear thar “Want of
rain” lies at the root of al} drought situ-
ation since a long period of time many
attempts have made drought precisely,
but so far nobody has been able to give

133

Gener ated by CantScanner fromintsig.com



Drought Management

a definition which is acceptable 1o all
concerned. The following are few defi-
nitions which are given to understand
what is drought.

Droughts are periods of abnormally
dry weather that are sufficiently pro-
longed for the lack of precipitation to
cause serious imbalance in the hydro-
logic cycle. They result in water short-
ages, crop losses, reduced smeam flow,
diminished ground water resources and
depleted soil moisture.

Droughts are distinguished from
dry spells, which are periods of ap-
proximately 14 days with little or no

precipitation. They may be classified
according to climate conditions in the
affected areas. Thus permanent
drought exists where the climate is per-
petually dry and agriculture can be car-
ried out only with constant irrigation.
Seasonal droughts exist where wet and
dry seasons regularly alternate, The
farming is done during the dry season,
and must also rely on irrigation.
Contingent  or unpredictable
droughts exist where normaliy ex-
pected rainfall fails to occur most char-
acteristically in humid and sub humid
areas, they tend to be most severe when
they coincide with the increased water
needs of the growing season and are
thus the most serious of the physical
hazards 10 farming. A fourth type of
drought called invisible drought is
harder to recognise. It occurs where
precipitation fails 1o counrer balance
the moisture lost by crops through
€vapotranspiration and it makes itself
felt by reduced crop yields rather than

by wilting or some other observable
form of crop damage.

Event Based Definitions

When dealing with droughts, prac-
tical, realistic, and workable operation
of water resources projects is w be
scheduled based on the past experi-
ences of such events. Toward this, g
few definitions that are based on events
and experiences of the people are
worth to be quoted herein in a tabular
format (Table 3). More detailed de-
scription /definition of drought has
been dealt by Yevjevich (1967) and
Dracup er al (1980).

Definition by : Description of

Drought

GUMBEL Drought is the smallest
annual value of mean daily stream
flows. This results in one occurrence of
drought event per year and limits its ap-
plication in daily management of
drought,

CHANG Drought is a measure of
stream flows, i.e. stream flows are be-
low specified truncation levels. The
truncation method is to abstract
drought events from a time series.

DRACUPetal. A shortage with ref-
erence to a specified need for water in a
conceptual supply and demand rela-
tionship.

INSLEY etal A period  during
which sweam flows is inadequate 1o
supply established uses under a given
Waler management system,

According to Tannehil] ** drought
belongs to the class of phenomenon
which is popularly known as spells of
weather.” Indian Meteorological De-

partment has de-
Definition by: Description of Drought fined drought as a
GUMBEL Drought is the smallest annual vaue of |  S.fUation occurring
rought i1s the smallest annual value o .
mean daily stream flows. This results in In any area when
one occurrence of drought event per year the annual rainfall
and limits its application in daily is less than 75 % of
management of drought. y the normal. British
CHANG Drought is a measure of stream ﬂows.. i.c. Rainfall Organiza-
stream flows are below specified i
truncation levels. The truncation method tion (1936) has de-
is to abstract drought events from a time fined absolute
series. : drought as a period
DRACUP et al. A shortage wi!_h reference to a specified of at least 15 con-
need for water in a conceptual supply and ti d 6
demand relationship, secutive ays :
LINSLEY etal. A period during which stream flows is none of which is
inadequate to supply established uses credited a rainfall
under a given water management system. of 0.1" or more,
Table 3: Drought Definitions The U.S. Weather
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The term drought has differen, Con. Hist
notations in various parts of the worg |
In Bali, a period of 6 days (one “'Gekj
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ness due to lack of sufficient water. It is sugg
associated with prolonged and abnor. Duri
mal deficiency in the rainfall amounts one
over a wider area. seve)
The various professionals view of A
drought as context based are given be- cruel
low. Fora Meteorologist, it is reduction FAS
in rainfall due to various meteorologi- mill;
cal mechanisms. A Hydrologist consid- droy
ers it to be associated with depletion of year
surface water and runoff from lakes, Fror
rivers and reservoirs for generation of relat
power and other uses. Hydrological mor
drought is concemed with the shormgf of t}
of water in rivers. For Groundwater droy
Hydrologists abnormal falls in ground- Spe
water 3(1) April 2000 ™
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s not a new

attempted to

i the history of
ir i ton

ine and their 1mpac
. an::f Ethiopia from differ-
d international docu-
reported as earl.y
country. Analysis

events of

»s droughts/famines has been

ivided into four parts and the analysis
qggested some interesting features.

During the period from 25
ome drought/famine was

3BCto AD,
reported in

seven years period. From the beginning
of AD to 1500 AD, there were some

wuel famines known

as ASAH,

FASSAS and HGLAH which killed
nillons. In this period, there were 177
droughts/famincs, about one in nine

years, was re
from 1500 10
telatively bage,

ported in the country,
1950, the information’s

Ybased on recordeq data and is

entury, 10, 14
f‘fDUghts/famines were ;'

Suggesting 69

u
Rtey 3 April 2000

- From 16 ¢ the 1% half

21,16 and 8
€ported, re-
events in g

period of 450 years. This signifies that
an average the occurrence of one
onought in 7 years. The two notorious
?‘;rm'nes known as QUACHINE and
KIFUKEN which devastated major ar-
eas of the country were reported in this
eriod. The reports from 1'950 onwards
sre well documented w1¥h scientific
data. The analysis of the rainfall data in
this period indicated 18 firoughts/fam_
ines in 38 years, suggesting the occur-
rence of drought in every two years.
The decadal analysis shows that the
decade 1970 - 1979 was the worst hav-
ing 7 disaster years in terms of fre-
quency. The highest frequency of
droughts/famines occurred in the 2nd
century AD followed by the 1st part of
the 20th cenwury and an increasing
trend from 16th cenmry onwards.
Twenty thousand people were thought
to have lost their lives by the 1973/
1974 famine and eighteen percent of
the total population was affected by the
1984/1985 famine in which over a mil-
lion people are said to have lost their
lives. The worst period appears to be
the 1980’s and the worst drought year
happens to be 1984. The northern parts
of the country appeared to be highly
vulnerable to recurring drought and
famine. An examination of the chro-
nology of disaster events reveals that
there is an increasing trend in the oc-
currence of droughts over the country.
Nearly 60 % of the total area and 25 %
of population live in drought-prone
zones of Ethiopia.

The Causes of Drought

The critical factors that predispose
people and landscape to drought vul-
nerability are many. Some of the fac-
tors that generally promote deficient
rains over an area are attributed to the
lack of adequate water vapor, the ab-
sence of optimum number of conden-
sation nuclei, presence of sinking mo-
tions, absence of organized synoptic
weather systems, etc. Other suggested
possible causes include changes in sur-
face properties such as reflectivity or
soil moisture, presence of deep layer of

(dust, the amount of green house gases

in the atmosphere and the warming up
of tropical sea surface temperatures
(WMO, 1983). The principal causes of
drought is quasi-periodic oscillation of

Berhanu Adugna

rain Producing weather 5

ystems, wip.
gered by the combined effects of l}i
so-called EL-NINO (“the "

duced by the anomalous behavior of
the sea Surface lemperarture, Recent
finds have revealed that ENSQ events
have great impacts on the recurrence of
drought in Ethiopia. Ininda ¢, al.
(1987) concluded that op qualitative
basis that warm ESNO events are gen-
erally characterized by drought in
Ethiopia. Quinn (1992) found thar the
high (low) Southern Oscillation Index
SOI is related to anomalously high
(low) rainfall over the Ethiopia high-
lands region.

Some of the other Ethiopia’s con-
comitant factors responsible for the in-
crease in vulnerabilities include rapid
population growth, land degradation,
war, wrong policies and unstable politi-
cal situation, very weak economy, erc.
Therefore, the cause of drought has
complex nature.

Impacts of Drought

Drought produces a complex web
of impacts thart spans many sectors of
the economy and reaches well beyond
the area experiencing physical drought.
Impacts are commonly referred to as
direct or indirect. Direct or primary im-
pacts are usually biophysical. The few
examples of direct impacts include re-
duction of crop, rangeland, and forest
productivity; increased fire hazard; re-
duced warer levels; increased livestock
and wildlife morality rates; and dam-
age to wildlife and fish habitar. The
consequences of these impacts illus-
trate indirect impacts. For example, a
reduction in crop may result in reduced
income of farmers and agribusiness, in-
creased prices for food, unemploy-
ment, reduced tax revenues, increased
crime, migration, etc.

The prolonged drought periods had
a significant impact on national
economy and severe consequences for
human life. The impacts of drought can
be listed as economic, environmental

or social.
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Drought management in |

Ethiopia

Drought is inevitable, a normal part
of virtually every climate on the planet,
even rainy ones. Drought is a menace.
Iiseffects on the society are dangerous.
Past experiences of the effects of
droughts of Ethiopia are the pointers
forsustained measures 1o be taken atall
levels 10 contain and control the evils
o ant ot of
s ;lel\)/el essionals of water re-

oPments are to address

themge] ;
ves with varj .
certajn l0us queries under

bl condiFions. How long the
wil continue?, How severe a

Watey 3y April 9000

pt will be? and What inflows a
draps ir will. obtain? Thus, planning
reservol mitigate drought which gives
aha?::;: makers the chance 1o relieve
dec!

he most suffering at least expense is
the

tial.
essi:n[oods and droughts are the two ex-

remely varied hydrological processes.

-« pronounced and established con-
e pd relief measures are available
ol A% former case. For the later, there
for the ently slowly and steadily a
aLe s being developed with the
mechanism1s £ dev .
help of radar and 581_6111(5 comr.nunrllfla-
tions for the developing countries. The
existing awareness 1s not enough in
some of these countries.

The major objective is to c‘ontrol
the severity and rec_iucc the period of
drought. Toward thl;, proper manage-
ment to reduce the impact of drought
on the society, redu‘ce the damage an_d
minimise the negative consequence is
the need of the hour. Small 'per-xod
drought will have a great damagmg_ m-
pact on the agriculture and society.
Continued period of drought might
even lead to abandoning society itself.
So the major objective is the quick re-
lief and long term preventive measures
with development aims.

The followings are suggested as

key combatant/mitigation measures to
reduce drought vulnerability in Ethio-
pia: \
(1) Meteorological assessment of
drought can play a vital role in manage-
ment and mitigation plans of drought,
in the planning and management for
various socio-economic activities. The
knowledge of volume of rainfall is use-
ful in problems related to water man-
agement, crop planning, hydroelectric
power generation and assessing the
availability of water for human con-
sumption. The Palmer Drought Sever-
ity Index (PDSI) can be used to de-
scribe the characteristic of drought
events in time and space and as support
for drought management in areas.

Enhancements in computing capa-
bilities, modernisation of data collec-
tion equipment, improved communica-
tion, better prediction algorithm, devel-
opment of better structural technology,
and better management of water re-
sources should all improve the effec-
tiveness of drought forecasts.

The experience of USA, Australia,

Berhanu Adugna

China or India for meteorological as-
sessment of drought can be utilised fo-
better forecasting, 10 gain some experi-
ence and to have a berer vision. It js
inevitable 10 look for €xpericnces some
where else where there are only little ag
home.

(2.) Deep comprehensive under-
standing and integrated approach for
watershed management thay goes be-
yond mere soil and warer conservation
10 promoting production and economic
benefit 10 create sustainable livelihood
1s required.

Watershed management is integra-
tion of technologies within the narural
boundaries of a drainage area for opti-
mum development of land, water, and
biomass resources to meet basic needs
of the people in sustained manner. [t
takes the physical and biological con-
servation and biological production in
a system framework. The main prin-
ciples of participatory integrated warer-
shed management (PIWM) includes:
utilisation of land according 1o its ca-
pacity; maintaining adequate vegeta-
tive cover for erosion conrrol; conserv-
Ing maximum rainwater at the place
where it falls through physical (ditches,
bench terraces, etc.) and biological
conservation (planting of grasses, wees
in bench terraces, waste land reclama-
tion to raise production of crop, fruit
and plants to generate income for liv-
ing, etc.); draining out excess water
with a safe velocity and storing it in
ponds, dams, check dams, shallow
wells, etc. for future use; preventing
erosion n water courses and gullies
through various measures and increase
groundwater recharge; conrrolling
floods and reducing sedimentation: in-
creasing soil nutrients using organic
(compost, manure, crop residues) and
chemical fertilisers; developing and
creating high production micro-envi-
ronments  within the watershed;
maximising productivity per unit area
of rainfall and per unit of water; and
maximising the combined income from
the interrelated crop-tree-livestock-
labour complex over years in a sustain-
able manner.

(3) Agricultural aspects (plant ma-
nipulation for drought resistance, crop
modelling in relation to water stress,
soil management for soil and water
conservation, and crop management
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unless adequately augmentcd by Id'

ated agriculture- Therefore, to eradt-
: crease and sustait

cate famine, 10 in. case
food production. frrigation develop-

ment is of urgent necessity.
[rrigation is an important tool 10

minimise the effects of agricultural
droughts and improve agricultural con-
ditions in water-stressed environments.
This considers irrigation management
techniques under water deficits, irriga-
tion techniques to achieve water sav-
ings, improvements in the management
of irrigation systems. Management - at
the crop, the farm or the project level -
is the area where there is the most po-
tential to help imigated agriculture
withstand drought. Irrigated agricul-
ture is more productive than rain-fed
agriculture and contributes nearly 40 %
of the .world food production on 17 %
of cultivated land,
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also(8) A comprehensive resource

analysis should be c‘:onducted flc:r
drought prone areas which §hould take
into consideration of cropping pattern,
water Tesources and other land use¢ pat-
remn of the area. To achieve food secu-
rity, the resource base for food produc-
tion must be sustained, enhanced, and
where it has been diminished or de-
stroyed, restored (The World Commis-
gion on Environment and Develop-
ment, Our Common Future, 1987). For
example, land degradation is caused
primarily by the misuse of land. It fol-
lows that an examination of misuse is
essential if lasting solutions to country-
wide degradation are 1o be found. The
analysis of current realities in Ethiopia
leaves us no option but to be committed
to environmentally sound management
of our natural resources.

(9) Great emphasis should be given
to the generation of appropriate tech-
nology which is based on indigenous
kn0wledge supported by a strong basic
and applied research. This will improve
g;;;ﬁp varieties, response to different
fertlise of fertilisers (type of

thsers, method of application and

time of applicatjgp;
mulching (crop
mUIChCS) and Wa[erres
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all else fails, consideratio, m
times be given 10 relocating jypq,
to areas where degradation isnld Usg
vere and yields potentialjy highess i
location schemes need 1o b, ‘v' Re
tary but should be backed by altraocl:'m'
economic 1r_1cemive5. An FAQ aSScl::
ment mission to Ethiopia’s Ccm']
highland area in 1993 reponeg
;Acleafly the land has a finite humg
capacity ... it is doubtful that techy
ogy can both catch up and stay ahe
current population growth in the higy
lands and adequately provide for bas
human needs and environmental st
lization. This is an inescapable reality;
Climate is often blamed by those why
fail to appreciate land use - runoffreli
tionships: “The drying up of streams
and the wilting of crops are such cor-
vincing symptoms of drought” T
misconception that wet years are 10-
mal’ and dry years are ‘bad’ has fre
quently been behind the failure of ¢
velopment  projects in the  tropicd
drylands.

(12) The non-structural measus
are summarized below:
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h an area of 1.05 mil-
is the largest
ry in the Hom
t history
ia, the

Ethiopia, wit
lion square kilometers,
and most populous count
of Africa. With a very ancien
fhat dates back to many millenn
country has recently been verified to be
le place of the origin of mankind. But
islong history has dotted with alternat-
?ega periods of wars, famine and relative

ce.

Water 3(1) April 2000

Drought is 2 normal fearure of clj-
mate. The occurrence of drought ap.-
peared to be a random phenomenon,
Among natural disasters, only drought
has produced more deaths, property
damage, and human misery than
floods. Everybody knows that drought
need notbe always linked with famine.
Drought Planning ahead to mitigate
drought is important as it gives deci-
Sion_makers the chance 1o relieve the
most suffering at least expense. Gov-
ernment policy must promote a greater
self-reliance in drought management,
jncluding the use of risk management
srategies rather than crisis manage-

ht plans should be incor-

ment. Droug
porated into general disaster and/or wa-

ter management plans wherever pos-
sible. Drought preparedness by the
people is a key issue t0 the success of
managing 2 drought. The experiences
of the droughts of 1973/74 and 1983/84
of the country have given the pcople'a
strong basis that was instrumental in
greatly averting the drought recurrence
in the year 1994. The year 1984 was
found to be the worst drought in Ethio-
pia. About 60 % of the total area and 25
% of population live in droug.hg prone
zones of Ethiopia. In furure, '1r.r1.gat10n
may assume greater rejspc?nsnblhty'for
drought security in Ethlopxa. The prime
responsibiliry for halting the droughtn
Ethiopia rests with the government.
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Introduction

All Water that appear in public or
private supplies has been exposed to
pollution while falling as rajn, unning
over the ground surface or jn stream, or
percolating through soil. In addition
the increage of Population and techpo.
logical development brings about the
Problem of wastes Which will pollyte
land water and air, whjch
indirect impact in the 4
Water quality, Because

has direct of
eterioration of
of these prob-

To alleviate the
Water safe for

propriate
r.
n potable wate ' o
£ et offaer 112 ‘1v]atoerridated water was used to see effect of story
i m.% z":: t:rbidity color, and fluoride. j‘l:e respective sq
ICOI'Id(')tr 6,1,2NTU; color 90 TCU; and pH 6.4 at a tempe ature 0f20 01
N/100ml; lu.rbl ]; Y ots, plastic (jerrycan) and metal bucket, The f1
stl'lrl]t:re{i[t’hrough crushed brick and porous_ clay pot
red in the laboratory was also three days of storage, where, fecal cothorm wa
god redction ofcotaminanis after MPN/100ml in clay pot. Turbidity
s r:dl::t:ogotj‘IPN/lOOm] A 1t47 d to 20 TCU in metal bucket. On
metal bucket, in plastic and clay pot an 4
bucket; Color rylsgnflill?nl; lay pot was reduced to 4.22 mg/l; 2.f13 mrgt/l a:t((j) r1a4 ::
ot w'lrthl . Tl%ere was no change of fluoride concentration after ' dg .
storag : respte m,‘;r) 3 23 mg/l became 3.52 mg/l when ﬁltere((ii ::rough crushe
ﬂuor’de on entration was reduced to 0.62 mg/l, when ﬂlte'r ed throu
P SOH i i have different efficiency
1 d that different containers IcH
e i anisms, plastic jerrycan for turbidity, and cla
iy c0]0]foril;aﬂdotrhgat‘stora’ge of raw water and using clay filters ¢
This study has revea ! ' -
contaminants (fecal coliform, color and fluoride) up to a level recomme

storage and Simple F,
e|\'[‘|eth0ds of Appropriate
r the Removal of Biolq,,.
chemical Impuritieg
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Abstract

water source can

water is often remote and unsafe. In ar-
eas  where conventional treatment
plants are available, all of the commu-
nity at the vicinity are not capable of
utilizing the system, For example study
done by Sisay Wondimagn (1994) has
showed that the majority (76.5%) of
the people in Jimma town, in which
Water treatment plant is available, yse
from unprotecteq sources (2)..

This could be,

the socio-culturg) co

that addresses
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sidered (4). Worlq healt
also €ncourage the seq;
solution of water re
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socio-cultura] conditions, becauge iy
accessibility could be i most case due
to low socioeconomic standards, Any-
how to make water safe for consump
tion, need some method of treatment
for the removal of biological, physicl
and chemical contaminants.
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Samplel cted from unprotected spring
were colle coliform, wrgidity

r fecal

weam for £€C washed
an: ::olor rests using Jerrycans s
an"h deionized water. These sou

wi

were selected because of the n;ed of‘
: iderable amount ot con

gee B laboratory test. In ad-
minants 01 106 e of Ethiopian
dition, since the majority O 10p
communities are using from sucih un-
safe water sources, it will be possible to
imitate the result of the study for the
users. For fluoride test, fluoridated wa-
ter was prepared in the laboratory; by
adding 0.221gm of Sodium fluoride
(NaF)salt in to 10 litters of tap water to
get 10 mg of fluoride per litter, or add-
ing of 0.0663 mg NaF in to 10 litters to
get 3 mg fluoride per litter and the like.
The study was devided in to three.

1. Storage of raw water in different
: ctontainers

ordir::mgfl: of samples were made in

by loe?ll clay pot (pots which are made

b bucI:(OttteIS)’ Plastic jerrycan and

e CZ » because thege containers

Wnspotis r;m:fn]y used vessels for

l:;;:szori nthstorage of water by
: as

o il bzdpggsi%llz o L

ow o PUrify their 0 recommend
¥ hayg, Water by the mate-

L1
ey 3 RApri| 2000

¢ Ethiopian commu- -

After initial measurement of fecy)
coliform, turbidity, true color (color
determined after filtration through fj).
ter paper), pH and temperature,
samples were stored in each vesge] To
know the effect of clay pot on the Te-
duction of fluoride concentration, three
samples having different concentration
of fluoride (10,5,and3mg/1 each) were
stored to the three respective clay pots,
Plastic jerrycan was also used to store
fluoridated water as control, since
clean plastic containers have no effect
in changing fluoride concenuation as
fluoride standard solutions are stored in
plastic bottles.

2. Filtration of fluoridated water
through crushed brick

A conical filtration apparatus which
was made of sheet metal was prepared
for holding the filtration media. The
apparatus has an internal diameter of
50 cm top, 25 cm bottom and 75cm
height. The bottom part was covered
with aluminum sheet which is perfo-
rated using 2.5mm diameter nail for the
passage of filtered sample. The filtra-
tion media was prepared by crushing
bricks (those which are used for con-
struction purpose) to a size from pow-
dery form tolem across. Generally a
total of 0.046 cubic meter. of crushed
media was used for filtration.

Different samples having different
concentrations of 12.7mg/l, 5.5mg/l,
and 6.5mg/1 fluoride were poured to the
vessel to be filtered through the media.
After the test of each sample the media
was rinsed and washed with deionised
water. The need for variation in con-
centration from 12.7 mg/l to 3 mg/l is
Just to know the effect of defluoridation
at different fluoride concentration. In
addition the ground water of the Ethio-
pian rift valley area which has caused
endemic fluorosis has an average fluo-
ride concentrations of 10 mg/l; so the
study will give relevant solution based
on the results achieved, and it will be
possible to seek a solution (12).

3. Clay pot filtration

An ordinary clay pot, which is
made by local potters around Jimma,
was used to filter the sample. It is
known that after local clay pots are
bought from the market, user should
glaze the pot using fire to make it

— Argaw Ambely

filtration,

cermine g ot
color, and fluoride “""“» rl'l\”bld'“y, e
test (MPN), wrbidi ek 1ullxgle oo
) Imetric, palin test,
and SPADNS respectively as recom.
mended by STANDARD METHODS

_Sample size fora single test of feca]
cphform. Turbidity, Color and Fluo-
ride were 105, 25, 10 and 8 ml of warer
respectively.

Three tests were done for each
study parameter with the same step and
procedure. Arithmetic mean was com-
puted from the results of each test made
for each variable. The most probable
number (MPN) of fecal organisms in
100 ml of the original sample was esti-
mated using statistical table of prob-
ability table with confidence interval of
95%.

Data were collected from labora-
tory results of individual values and
analysis made after one, two and three
days of storage. In addition fluoride
data were the result of analysis made
after the water has filtered through the
crushed brick and clay pot filers. Data
were processed using handhold calcu-
lator. Tables are used For compilation,
summarization and comparison of data.

Resuit

The average number of fecal
coliform, turbidity, and color before
storage were 578MPN/100ml,
61.18NTU and 90TCU respectively
with average pH of 6.44 at a tempera-
ture 0f 20.6 OC. .

After one day of storage contami-
nants has reduced at different degree
except the fecal coliform count stored
in clay pot. As shown in table 1, mctal
bucket has reduced the fecal coliform
load to 4 MPN/100ml(99.3% redn.)
and 0(100% redn.) after two and thr.ec
days of storage respectively. After third

’
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P SN

Appropriate Treatment

cantaine Day of storage S
T [Swmay
' meter rops . - = > - o\l
! 0(inital) |1 % redn. 2 % redn. 3 %% redn,
: clay pot | 578 578 0 177 694 147 746
e &‘:g m plastc 578 375 354 118 79.6 60 895
. colifor
' ! Jr:‘:!ya.lm 578 272 52.9 4 9903 0 100 —
' (MPN/100 | bucket
2 ?j )bid.ity clay pot | 61.2 388 235 [39.6 354 (283 33a
2 ur!
( ) plastic 61.2 45.5 26 38.5 37 234 603
jerrycan
Jr::)al 612 46.6 23.8 41.2 326 293 527
bucket
3 color clay pot | 90 55 389 40  55.6 15 833
o plastic 90 68 24.4 42 533 15 833 1
f jerrycan
i metal 90 68 24.4 45 50 20 778
{ bucket

® percent reduction

Table 1.The average results of the study parameters after samples are stored in
different containers for different days, JIHS, Oct. | 997.

Container type Day of storage and % redn. ]
0 (initial) | 1 Y% redn |2 Y%redn. |3 % redn.

Clay pot 1 10 7.15 285 4.25 57.5 23 .77.0

clay pot 2 5 35 300 1.99 60.2 12 760 |

clay pot 3 3 2.0 333 1.05 650 0.7 76.7

average value 6 4.22 29.7 2.4 59.5 1.4  76.7

plastic jerrycan | 10 10 0 10 0 10 0 ]
Table 2. Fluoride concentration (mg/l) and percent reduction ( % redn. ) of
samples after storage in different container, Jimma, oct.1997.

water sample | initial F" conc.” (mg/l) | F conc. after % redn. e h]

filtration{ mg /1)

1 12.7 5.85 53.9

) 5.5 2.05 62.7

111 6.5 2.65 39.2

Average 8.23 3.52 57.2

* fluoride concentration

Table 3. Fluoride concentration of different water samples after filtration
through crushed brick filter media, Jimma,oct.1997.

Water sample | initial F conc.* | F conc. After 26 redn.
filtration

1 10 0.65 93.5

I1 10 0.62 93.8

111 10 0.60 94.0

average 10 0.62 93.8

*fluoride concentration

Table 4. Reduction in fluoride concentration (mg/l) after filtration of water
samples through clay pot, Jimma, Oct 1997.
L ]

day of storage fecal coliform count be-
came 147MPN/100ml (74.6%redn.)
and 60MPN/100m!] (89.6% redn.) in
clay pot and plastic jerrycan respec-
tively. In the same day of storage tur-
bidity became 28.3NTU, 24.4NTU and
29.3NTU in clay pot, plastic jerrycan
and metal ‘bucket containers respec-
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tively. And also color became 15 TCU
both in clay pot and plastic jerrycan,
and 20 TCU in metal bucket after three

_ day of storage.

Clay pots have shown removal of
fluoride from fluoridated water sample
stored in them. Clay potl having water
sample with 10 mg/l of fluoride was re-

Discussig,
StOl’age of ¢
as one of the gj
ing water by
Isms, turbidity,
9). On the other
ride warer throu
known in remo
tion (_9). The efficiency of
chemlcal, physical apq -binlo :
taminants depend on the dElcall con.
storage and type of congy;
store the sample,

AW wara. -
mp] Water g ady,
1_P'est Methog Careg
Iminatipg fors trea,
soloy and Oride(s y
hang filtrai, (

R
n Ofﬂlm.
1a] Is alSo
OHCEnm

rsm()\rin

gh clay Mager,
Ving ﬂuoride ¢

Fecal coliform removs|:

. Among containers meral bucket i
Slgnlﬁcgntly better than clay pors ang
plastic jerrycan (p.<0.005). And alg
plastic jerrycan is significantly betterin
removing fecal coliform organisms
than clay pot in fecal coliform removil
(p.<0.005). The complete elimination
of the organisms in the metal bucket
could be due to the sterilizing nanre of
mertals as suggested by Hobbs (10).

As also indicated by Wood. C.H.e.
al. (7) the reduction in all storage ves-
sels is achieved mainly because, mm}?'
organisms are likely to settle 1 © l;
bottom together with settleable P
ticles when water is stor¢

water 3(1) April 2
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Fluoride removal:
Storage of fluoridated water in clay

\ ot and filtration
bicks and clay pot hav
nation of fluoride in di
Asthe day of storage incre

3 fluoride concentration of different
dliquots that are stored in different clay
10t decrease by 28.5 to 76.7 percent.
Better reduction of fluoride is achieved

fferent degrees-
ase from 110

Uater 3(1) April 2000

-

“pant (

from the aliquot whose initial fluorige
concentration 15 lez'\st, The unchangeq
fluoride cgncemraugn of samples tha
are stored in the plastic jerrycan in each
day of storage reveals that the fluoride
concentration reduction is due to the
effect of clay pors.

Filration of fluoridated water
through clay pots and crushed brick
media have eliminated much of the
fluoride by an average reduction of
57.2 and 93.8 percent respectively.
Purdom (12) have explained that, water
with more than 1.5 mg /1 fluoride can
be defluoridated by 100 percent using
ion exchange method which is compa-
rable with the results of this study ob-
tained from the filtration though clay

ot. The finding showed defluoridation
of water up 10 the value recommended
py WHO, using clay pots and crushed
pricks. Study done by Hauge-S; et al.
Also have showed that, ordinary clay
pots and crushed bricks fired at an opti-
mum temperawre are efficient to bind
fluoride from water.

Water sources that have high con-
centration of fluoride can be .rerr?oved
pest using clay pot filter. Thxls Slmp?e
deﬂuoridation method is applicable 1n
any community whose water SOurces
are fluoridated abovs the recom-
mended limit like Wonj! Showa §13).

As the study showed selection of

contain€rs in respect 10 the contami-
e removed should be made

r rearment of raw water.
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estimation of the trop
{ ‘ To test the validity of the new
To examine the impact of eutrop

1.Introduction

1.1 Background

The Ethiopian Rift Valley is one
of the richest regions of the nation
in  natural resources. Owing to its
unique tectonic formation, it amasses
varied mineral resources, Satellite
‘ sensed dara of the rift depict multiple
ff j megalineaments and so called ‘ring-
‘ like structures’. These are credible in-
| - dicators of accreted minerals, some-
times also called ‘geochemical barri-
ers’, which form ore bodies and min-
i eral aureoles. The presence of fertile
| st e e
ine hours al-

most throughout the year have im-
parted the region its high “bioclimatic
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To test the validity

ging system for lacustrine productivity;
fish and trona crystal being produced at Lake Abijata,

The hot springs do have ash extraction;
le 5. Man- induced eutrophication and

siltation of lakes.

potential’. :
significant scenic and therapeutic 10
as a result of which tourist and agro-in-

dustry is getting momentum.

Agro-industrial development in the
Ethiopian Rift has been impinging
upon the environmental status of the
region. By and large, the following ten-
dencies have been observed.

1. Rise in salinity of irrigated land
and deflocculation of soil;

2. Increased ago-industrial plumes
in lakes and reservoirs;

3. Persistent deflational and river-
ine erosion leading to soil loss due to
forest clearance and the appearance of
Bold watersheds;

4, Shore recession of lakes resulting
from pumping for irrigation and soda-

Lake Abijata
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sverhaul the anthropogenic stress on
Lake Abijata. )
1.2 Location

! Lake Abijata is one of the lakes
. constitating  the ‘Lakes Region of
| Ethiopia’. Lake Abijata is found some

25 km south of the capital; Addis
‘ Abeba. The geodetic frame of refer-
| enceof the study area is:

i
i

meaningful
tion. In order ¥

=T"30'32" N to 7950' 5" N
=38°30' 5" E 38940" 24" |
As per  Landsat TM Reference

Trapezoig
» the study area is withs
160 path ang 055 Toyw a is within the
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1.3 Geological Structure and
g Lithology.
Ethiopian Rift System is partof
_Arabian rift system “The Afro
Rift system is one of the long-
. more than 6000 km. with an intri-
s rructural arrangement of inter-
atal link of the world Rift sys-
formation on the whole relates
nthropogeny, but in some in-
more ancient manifestation of
bserved” ( Belousov

The
the Afro
_Arabian
€
cate S
contin€
em. Its
io the 2
stances,
riftogenesis Were o

,1974). ) ) ) :
The Ethiop1an Rift System is a typi-

cal belt of ‘Wilson’s cycles ofgpening
- In the lake region there are active vol-
canoes . Earthquakes and tremors are
frequent. Hotspring and ljumarole are
ubiquitous. In the lake region, the'sub-
surface temperature 1s exceedingly
high. For instance, the “SUbsu‘rface
temperature in the thermal spring of
wondogenet and Wesha from SiO,
contents and Na/K ratio is about
2000°C”.(Chemnet, 1982).The region
has a high geothermal potential. The
Aluto peak north of Lake Langano is a
ood instance.

After the regression of the Meso-
zoic sea to the southeast, there was a
major tectonic uplift called the * Ethio-
Arab swell’, especially the Tertiary
uplift had resulted in the four major
sectors of the Afro-Arabian Rift belt.
These echelon like articulated rift sec-
tors are the Western (Rukwa-Nyasa-
Tanganyka) , the Eastern (Gregory-
Ethiopian), the sub latitudinal Rift
(Gulf of Aden-Carlesberg ridge) and
the Northen (Gulf of Suez-
Levant).The ‘Afar triangle’ is a tec-
tonic knot of three rifts; Red sea-levant,
Aden and the Ethiopian Rift.During the
end of pluvial period which extended
between 7000 to 12000 years, the Rift
Lakes Region level was higher than its
present level. At this time, Lakes
Ziway, Langano, Abijata and Shalla
used to be a single macro lake (Grov,
1970). According to Chernet, aban-
doned lake terraces are found at levels
150 m, where Ziway became a separate
lake larger than its now. An additional
60 m drop resulted in the separation of
Langano and in a further drop of few
meters Abijata and Shalla separated
(Chernet, 1986).

1.4 Climate and Climax Vegeratio
Lake Abijata is ar the leew .
) ward side
_oflhc WO rain bearing prevailing winh'
|p Ethiopia, namely the South wcster(.:
lxcs-and the South easterlies. since itex-
peflence a double leeward, usual‘h
foéhn condition prevail. “The amount
of mean annual precipitation ranges
from 200-600 mm, while mean annzxal
temperature is  19.3°C™ (Gamechu
198§). The area has a semi-arig cli:
matic condition. f
When considered as a “biome* , the
study area is within a woodland savan-
nah belt. Along river courses riparian
galleries are common The main species
of trees include Acacia albida, Acacia
senegal and Acacia tonillas, Grass spe-
cies include, Cenchurus cilaries.
Chrysopogon auchena and
Hyparahenia ruffa (Amharic senbeler)
are the dominant cover types. Hydro-
philous include Typha thoning;,
Shefflera abyssinica.

1.5. Faunistic Resources

The Lakes Abijata and Shalla are
the habitat for migratory birds of
Palaearctic and Ethiopian faunistic
realms. Some of the Palaearctic realm
birds have most of their residence time
at Lakes Abijata and Shalla. Some of
the bird species include Ostrich
(Struthio camelus), Lesser flamingo (
Phoenocopterus phoniconais, Cormo-
rants (Phalacro corax carbo), Grebes
(Podicerps),  Pinkbacked  pelican
(Pelicanus rufescens), the Great white
pelican (Pelicanus onocratalus), Afri-
can fish eagle (Heliaws vocifer), Pied
Kingfisher (Ceryl rudis), Darter
(Anniga rufa), Sagittarius serpentarius,
Black storck (Cironia nigra L.). wart
hog and antelope are common in the
Abijata-Shalla park.

1.6 The Morpphometric Parameters
of Lake Abijata

The year 1972 is noted for the ac-
quisition of acrial photographs for the
Lakes Region for the 1:50 000 topo-
graphic map production. Better results
on the morphomertric parameters of
Lake Abijata were achieved using this
map. In this study, however, the mor-
phometric indices were determined !?)'
digital planimeter and GIS analysis.
Some of the morphometric parameters
are given in (Table 1).
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3. The Ecological Degradation
of Lake Abijata and its

Catchment

Ecological degradation. Is the
temporary of permanent loss of good
and acquiring poor status of an ecosys-
tem due to natural or anthropogenic
causes. Persistent follow up through
suwei]lancc and monitoring are of
prime importance. They help to detect
the quantitative and qualitative
changes resulting from anomalous or
smergent characteristics of the given
system. Like other ecosystems, lacus-
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Shoreline
Development

(Gezahegn®:

mg.l water quality change resulting
from.aurochthonous nutriems..The lake
has a higher Dissolved Organi¢ Matter

(DOME). Owing to eutrophication,

i< pigmented;
Theldke i nce and the ap-

2. Ve etation cleara
y f bold watersheds followed
lian and fluvial erosion.

bute nutrients influx to
the chemical, physi-
| structures of the

pcarance o
by increased €0
Leachate contrl
the lake resulting
cal and biologica

lake;
3. Increased salinity as 2 result of

the lowering of discharge by rivers.
Horakelo, Bulbula and Gogessa,

4. Shore recession due to coupled
anthropogenic (soda ash - extraction)
and natural (climatic) factors;

5. Landuse change around the lake
basin, especially expansion of live-
stock feedlots, tillage and  quarrying
activities on lacustrine deposits around
bird’s habitat,

3.1 Diagnosis of the Ecological
Status with Tct'and Tndvi
3.1.1 Data Transfer and Subscene
Extraction
The acquired GEOCODED Landsat
TM scene was recorded in Dec., 21
1?89. The acquired raw data were pre-’
:gewed §0as to ascertain whether or not
ey are free from crossover and cloud

contgmination. After
viewing, the data Were £ lhOrngh -
from cloud comaminal,%n top, M
limited horizonta] Stfe;:kn’ buth:r'e,‘; :
were noise free, they wer. SinCQ :
workablg.From the ’0ta|re fouy, d !
base as it is called i K Cene, )
Resources Data Ang)y; AS (; la
Subscene (dara file) pixels -Slema
dinalte were fixed. The Aaliazc)
file has a 1194 colymn i
pixel window. Sy 166?;& [
W

3.1.2 The Tasselleq
Transformation for FOres(a

Diagnosis from the Cazt emgy,

The lentic envj Chingy |

L - v1ronmem
Abijata and its catchmep, 5 Lake
terwoven by a web of em];e’? e
tors. Lake Abijata is ap endo }: 4 fag.
whose water quality is de[er FIC Jagq
the influx of autochtho,msrmme by
from its catchment. Thye, i Ateriglg
umbilical chords via which Vers ay
are funnelled into it. River Bul?,umem
Horakelo in the northeag angla ang
Gogessa in the west alimep, Tivy
Abijata. Lake

The rate of soil loss on
shed is significantly highei ?}?:: g
etated one. Leachate fropm rockasve‘
soil colloid play their part in deter, 3
ing the physical, chemicaj anq bio;m'
cal structures of the lake. The Tﬂss;]gl'
Cap Transformation (TCT) apg t]id
Transformed Normalized Differeﬂce
Vegetation Index (TNDVI) offer the
best feasible means for phytomass d:
agnosis at Abijata’s carchmenr,

The Tasselled Cap Transformatigy
(TCT)optimizes the hyperellipsoid
multi-spectral image to the viewer's X
and Y axes. The TCT is based on three
data structures axes, the Greenness,
Brightness and Wetness. The TCT isa
linear combination of TM bands except
the thermal infrared band excluded for
its course resolution. The TCT is math-

ematically expressed as:
TCT=alx 1 +a2x2+a3x3+..726xb

The brightness is the weighted sum
of all the bands except the far infrared.
The Brightness is represented by pOSf'-
tive TCT coefficients (Table 2). PO}}'
tive TCT coefficients signify positi'®
loading to maintain brightmess- Ona
Cartesian plane, the brightness is the

water 3(1) April 9000
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iy
lanfi :)Sfr:;,e six TM bands on TCT algo-
ma

S iven in (Table 3).
nmg:ﬁ;":;;f Eomposite output, the
deep 10 light .iolet col(')r hue is veg-
¢d area. The reddish brown to
lei[gahtbrown color signifies the aban-
Joned shoreline and exposed area.
Wetland and waterbodies are yellowish
green to various shades of green. Well

opd Tlad Jlaed [Lawrd [LarS | Layr§
METEO (90 (6% (80 [468
menlen Tam Tam [ MR
E (e TEm T jese [
Dads (o Tann Toam [oeo0 [1s10

Table (3) The TCT statistical extract
ofsix TM bands of the Abijata image
fiame.

protected forest is confined within the
Abemosa ranch and at the aviculture
center. At the Jebule-Chebi, patches of
the Temaining forest are in violet color.
Scattered trees at the catchment are
found at the Lencha peaks rimming
Lake Abijata at its southwest

Water 3(1) April 2000

Plate (1) the T, asselled c,
Transformatioy, (TCT) Coloy
composite outpur,

embayment, Bare are
Posed soil are in reqq
ceding shoreling of
Pears in orange 1o
considerable portion
being used as tillage
(Plate 1)

3s, tillage ang ¢y.
ish brownp, the re-
Lake Abijata gp.
reddish brown, 4
of this bare area is
and cattle feedlot

3.1.3 The Transformed Normalized
Difference Vegetation
Index(TNDVI)

The Transformed Normalized Dif-
ference Vegetation Index (TNDVI) is
an absorbed wavelength and the Infra-
red as a reflective wavelength. The new
monochromatic band discriminates
vegetated areas as bright tones and bare
areas in grey. The TNDVI is expressed
mathematically

IR-R
IR+R

as:Where:

TNDVI- -0.5

TNDVI = Transformed Normalized
Difference Vegetation Index;

IR & R = Infrared & Red bands

0.5 = constant

The monochromatic TNDI outpx;t
is given in (Plate 2). Analogous resztt
was reached as that of t}.le TCT O}Jfr;;ng-
Vegetated areas ar¢ bright signiy

higher digital value,

while degraded ar

.

Plate (3) - i
T}
Dl”pl![ Of ,'e TN mo;;od”m
e Ab"fala I'mageﬁ.a natic
e,

ez}s are darker in top,
!ugh digital vq, :
Infrareq reflec
Vegetation,

 Vegen) cover
10uted g peak
nce of healthy green

3.
1.4 The Normalized Hadamard
ransformntion

formanofl (NHT) algorithy discrj i
nale's aenial green phytomags. The le-
malized Hadamargd Transformalion "
Tepresents “The ratjg of Hadamard (41
0 Hadamard O(HO) * (1yiersors
1982)”. With this algorithm, (he autho;
was able 1o discriminate gerig] green
phytomass for the Alpine Ibex habjtar

NHr.E1 B7.B6-55 B4
H0 B7-B6.55.8¢

The NHT is given by the formula:
Where: -
NHT= The Nommalized Difference
Hadamard Transformation:
B4 ...B7= Landsat TM bands.

3.1.5 Principal Component Analysis
Multi-spectral image data have
negative inherent qualities. One of sugh
qualities is that, thy are conelated: This
stems from the fact that, the vamb!es
(digital values) on the axes are ngt;p-r
dependent. Therefore, the Probabi :)?
Density Function (?DF) are ]'w‘rhe
thogonal to reduce dimensiona 1lryr;ans—
PC analysis like other ca.nom:taa "
formation is 2 multwar:ates[eered 2
technique, where data are
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Plare(3) Vegetal status analysis based
on TNDVI, NHT and PC output in a
composite form.

principal axes (componenis) 10 maxi-
mize data variance. The new images
which are formed are the linear combi-
nations of all the input bands. the trans-
formation reduces the number of corre-
lated bands. The Principal Component
Analysis is based on eigen values and
cigen vectors. In ERDAS axial data
transformation is realized through the
variance instead of the correlation co-
cfficient. the row (Table 4) represents
the TM bands, while the columns are
Principal Components. The eigen vec-
tors are loading factors. Negative load-
ing renders the images a darker tone
while the positive loading increases the
brightness, thus improves the image
contrast.

The first principal component con-
tains 85% of the information. Although
some disciplines like geology employ
PC2 and PC3, for aerial green
phytomass study, PCI was chosen. the
TNDVI, NHT and PC] image color
composite output (Plate 3) clearly dis-
criminates the starus of vegetal cover at
Abijata’s catchmenr,

Based on TCT, TNDVI and PC

analyses, the vegetal cover at Abijata’s
catchment is suffering from chronic
stress. The spatial coverage of bare ar-
eas by far exceeds vegetated on. Tree
stands had already been substituted for
tillage and cattle feedlots. Forest clear-
ance is chiefly attributed to charcoal
burning for income. The other reason is
population pressure, where farmland
and cattle rearing had already en
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Plaf (4) The IHSRGB color composite

abijata and Shalla.

croached on the Abijata-Shalla Na-
tional Park.

4. Remote and Proximal
Sensing for Eutrophic State

Estimation of Lake Abijata

4.1 Methods and Techniques
4.1.1. Imaging System

A GEOCODED Landsat TM im-
age was used for the analysis. For com-
parison, an image frame containing of
the two juxtapose lakes; namely
Abijata and Langano were extracted
from the total scene. To test the physi-
cal status of the lakes, the IHSRGR
enhancement technique was imple-
mented.,

4.1.1.1. Thsrgb Enhancement

Owing to the influx of nutrients and
higher Dissolved Organic Matter
(DOM) and Suspended Organic
Matter(SOM) productive lakes are al-
ways pigmented. Their color appears to
be in green hue. To identify the physi-
cal structure of the lakes, the IHSRGB
enhancement was executed. The algo-
rithm offers the best way to discrimi-
nate the subtle physical structures of
the two lakes.

Lake Langano receives quite a
number of rills, streams and rivers from
the adjacent slopes of the Arsi massif,
It is highly turbid. The disperse are
chiefly soil colloids and silt. Due to the
presence of ironoxide, the lake appears
to be reddishbrown, Since the disperse
phase’s Reinold’s number is small, par-
ticulate most of the time remain in sus-

oUlpUL of Jaje

hue  apq Lake
brown(Platc.S - Th .I‘ﬂngan() lsgre(»h
exactly depicys the - Copy

of the twq lakeg . Ysrca];,p Pogy,
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> Withgy, g
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counted for ., ONC Al
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color, Sm]pa”“dwmc
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reflectance characreris
forms ang phytoplankigp, absorp {p,
Q]ue and Red specira from the Incom.
ing Photosynthetic Active Radjatigy
(PAR). The photosymhctic Aclive Rg.
diation spans from 0.38 m o 072 g,
According 1o Ilyansky, “Maximum ab-
sorptionat =0.59 m10.59 at the
red region of the spectrum (llyansky,
1986). A marked difference yeu exists
between higher forms and most algal
species‘ in the reflective wavelengths.
Most higher forms reflect maximum in
the near infrared region of the spec-
trum, but medium in the green. Most
algal species of the chlorophyll-a group
exhibit maximum reflectance in the
green wavelength and medium in the
reflective infrared region. The rr;)sl
frequently applied technigue n ™
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Plate (5) The monochromatic NDLPI
Oidput of Lake Abijata.
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- enhances the green reflectance. This

. At interya ls.
nine poins Were anng.

tated. The intention,
Was 10 extract their re-
Spective statisyics.
cordingly,

Ac-
their ye.
§pecli\'e statistical daya
1s shown ip (Table 4).
A scatter plot of the
transect is showy In
(Fig.2). Based on the
Statistical

; .
3 "
o T T e
o o
SRl

Plate (6) The composite of Blue, NDLI and R

- extract,
ed bands. Point - 3 has 4 mean
reflectance value of

237, Point - 4 has a
mean reflectance value
‘ of 250, and Point - 5
has 253 points 3.4 and
o\ represent the lentic
environment of Lake
Abiljata. Peak reflec-
4 lance of the three
: points is due 1o the Chl-
a pigment in the lake,
Point 1 is an exception.
It has a mean reflec-
lance value of 206. The
main reason for its
elevated digital value is
that, itrepresents a wetland where wet-
land algae behave in the same way as
aquatic. Point - 6 has a medium green
reflectance which is a characteristics of
most  terrestrial  higher  green
biomass.Fig (2) Scatter plot of statisti-
cal cxtract. Points 7.8,9 represent
Lake Langano. On the green band
axis, they have a lower reflectance.
This is attributed to the absence of or
insignificant pigment (Chl-a) presence
in the lake. By and large, the scaner

,-‘

Langano.

For comparison, the NDLPI algorithm
was executed for Abijata and Langano
image frame. The monochromatic out-
put (Plate 7) shows that Lake Abijata is
lighter in tone while Lake Langano in
grey. The multi-spectral in-

terpretation of the tonal difference be-
tween the two lakes is that, the NDLPI

means where green reflectance is peak,
the lentic environment would have a
lighter tone. If the green reflectance is
low, the lentic environment would ap-
pear to be grey or black. Abijata’s peak
green reflectance is accounted for the
presence of Chl-a (green pigment) in
the lake. Most species of bluegreen al-
gae exhibit peak in the red and medium
reflectance in the infrared. This indi-
‘cates that Lake Abijata is highly pro-
ductive lake (eutrophic lake). Lake
Langano by contrast has a darker tone.
This shows that Langano has alower
Chl-a (green pigment), therefore it is an
oligotrophic lake. The coastal wetland
of Langano has a lighter tone due to the ‘
presence of terrestrial algae (Plate 7). BLUE
A transect (AB) was drawn across

Fig (2) Scatter plot of siatistical extract.

Netisgrance Vorue

GREEN . RED
Fig(2) Scatter plot of the Statistical extract
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Table (4) The Principal components of the Abijata image frame based on eigen r ﬂeCtanc:g n, reachirem\'ewrn‘e L
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N ent hig ig oty
) ) the lake_ FIOm (Chl 3 main]
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ity. Productive (eutrophic) lake appear mounted on a boat platform. Hem;. 9 nm o a recessioy %6 n"‘,t}:? 2 b
to have "and’ sign ( ) while sterile (olig-  spheric scanning of the littoral zone of evation jp 437 nm sho“'iS ey fgy ® ‘”7
owophic) lake have "or’ (V) sign. In  Lake Abijata was conducted to record  nae, arting ¢, s1opeash_ghtel_ w ;T;
view of this, Lake Abijata is produc-  algal reflectance data, The main reason lence (‘)fotllq Is .beCaUSe ¥ b"““dal: id m‘
tive; it has ( ) on the scatter plot while ~ for choosing the littoral zope is thar Wavelengyy, rpl.ng“[S-Wn f Py 2;381
oligotrophic Lake Langano has (V)  densealgal crop usually occupy the Jjt- nose divi d glon, the slop Z'hefed, m (]
sign. ; toral zone of a lake. In the earlier peri- gion for h;l to abSOIplion lﬁ\\,sa o B
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Plate(é’)Photograph taken fr
acomputer’s screen showing the shore
recession of Lake Abijata

om

4.1.3 The Causal Factors of
Abijata’s Eutrophication

The major causal factor of Lake
Abijata’s eutrophication are the following.

1. The sodic phase of the lake’s
basin water. Lake Abijata’s oH is 9.9.
The sodic phase of the lake is an opti-
mum medium for algal growth and re-
production. _

2. The shape of the lake’s basin.
The shallow water column and the gen-
tly sloping nature of the basin are the
ideal conditions for Leachates influx
and accretion.

3. Cattle rearing at the adjacent
lands. At the adjacent land of Lake
Abijata, cattle rearing is being prac-
tised. At the abernosa area, there is a
state ranch. Animal waste as manure
are excellent natral fertilizers. The
gently sloping natre of the adjacent
land whose average declivity is 2°, cre-
ates a favorable condition for nutrient
transportation. During wer seasons, ihe
narural fertilizers are flashed inio the
lake. Nutrient influx has been inducing
algal bloom in the lake. Therefore, the
utilization of the juxtapose land as
cattle feedlot is one of the major caus-
ative agents of Abijata’s eutrophica-
tion.

4. Farming practices . At Lake
Abijata, the adjacent land is either furm
or cattle feedlot. Tillage contributes nu-
trients which are useful for plant
growth. Leachate during rainy seasons
bring nutrients into the lake. Farming
activities at Lake Abijata also contrib-
ute nutrients which are extracted by

phytoplankton.
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spectrum. This shows that Lake Abijata
is a productive (eutrophic) lake.
4.1.4 limpacts of Eutrophication
Eurrophication has its merits and
demerits. Ethiopian productive lakes
support fish to satisfy local consump-
tion. Crocodile nursery lakes have be-
come pivotal hard currency generating
centers. High productivity (hyper-
eutrophication), however, has a serious
drawback. Hyper-eutrophication low-
ers the Dissolve Oxygen(DO) in a lake.
Phytoplankton would begin to die and
decompose, subsequently followed by
NH, and CH, emission. This condition
creates oxygen sag(anoxia) in a lake,
thus increasing the Biological Oxygen
Demand(BOD). At this time the rate of
algal bloom surpasses their rate of re-
moval by lacustrine fauna. As algae
die, they would start to precipitate to
the lake’s bed with the eventual
decomposition.The first victims of
oxygendepletion are schools of fish. As
fish die, their decay and decomposition
supplies rich nutrients again to the al-
gae. Hyper-eutrophication also favors
the reproduction of toxic species. Ac-
cording to Ehrhardt, “If mass death of
birds, dogs, ducks, grazers occur
through the ingestion of lake’s water,
nearly twelve species of bluegreen al-
gae’ may be found: Ingestion of
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Coupled nawral and anthropogenic
causes, the sodic phase of the water
have created the ideal condition for
eutrophication of Lake Abijata.

5. Finding and Recommendation

Applying the environmental infor-
mation system(EIS), the lentic environ-
ment and ecosystem status of abijata’s
catchment were overhauled. To ascer-
tain the findings insitu tests using the
proper limnological equipment and
post laketruthing laboratory analyses

were carried out. Collateral informa- .

tion were incorporated to make the
analyses more comprehensive. By and
large, important findings of the study
include the following .
5.1 The Biogeocoenosis Status at
the Catchment

Abijata’s water quality depends on
the ecological status at its catchment. In
order to determine the vegetation starus
at the catchment, three diagnostic al go-
rithms were executed. The Tasselled
Cap Transformation (TCT), the Trans-
formed Normalized Difference Veg-
etation Index (TNDVI) and the Nor-
malized Hadamard Transformation
(NHT) had rendered the vegetal status
at the catchment. The TCT had dis-
crimina'ted vegetated from bare
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~conclude, the biogeocoen

water quality of Lake Agll;}z:%?n te
0sis ol
Catchment has been suffer; i
chronic stress. s from
5.1.2 The eutrophic Statug of
Abijata
Based on the Remore and
sensing techniques used 1o determipe
the eutrophic status of the Lake, j; i
eutrophic lake. The two proposai; new
approaches handy for limnologists 1
determine the productivity of a fake. |
was also discovered that the green hye
of the lake has a serious drawback on
the trona crystal being produced by
soda ash plant at Abijata.

Lake

Proximy

5.1.3 Shore Recession

According to the study carried out
by Gezahegne (EST, 1988) using GIS,
Lake Abijata has been showing fluc-
tuation. For the GIS, multi-date and
multi-data planes were implemented
Some of the data planes included &
digitized 1974 was 16798.6 ha lf1
1976, it was 19825.66 ha in 1989, 1t
was 14797.89 ha, and in 1998 it was
15586.44 ha. A facsimile of the G
output is shown in (Plate 8). :

Plate (8) Photograph taken f“’;“re
computer’s screen showing the 7
recession of Lake Abijata.
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termittent stream.

Pertinent to eutrophication prob-
lems which is usually accompanied by
lower Dissolved Oxygen, it is impera-
tive to apply aeration. During low Dis-
solved Oxygen, it is better to apply me-
chanical mixing and hypolimnetic
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fish population, but a higher algal
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