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Where

qQ_ - Rate of seepuge per unit length of
the dam

K, - permeahility of the foundation
malerial
H = Head of water in the réservoir

B - Width of the dum base (core widih

of the dum)
D - thickness of the pervious loyer

K, - Permeability of impervious fill in

trench
E - thickstess of ecutofl

Accordingly for this case
K, =2 107 mfs (for gravelly silly
sand of foundagon maierial)
H=15m
B =4d45m
D = 8m (maximum)
K'=1.I X 10%cm/s
E=9m

Substituting this value we get g =

2.78 x107 m"/s/m

For o dam with on impervious
blankel, Dachler® derived the follow-
mg equation which agrees with the re-

sults of electrical anslogy models.
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v" =
L H

Where B' is length of upstream im-

pervious blanket substituting 'q " and
oll other value we get.
B+ B'=8626m> 2D Ok!
Therefore B' = 3626-45=8581m
(uo-practical for small dam)

Although blankets may be de-

signed by theoretical means a simph-
fied approach may be used for small
dams, A suitable thickness for small
dama is 10 percent of the depth of the
reservoir shove the blanket, with a
minimum thickness of 0,9m. Accord-
ingly maximum blanket thickness
= 10% (maximum water depth)
=10% x 18
= 1.9m say 2.0m
Even if the width of the blankel
may vary sccording to the site topo-
graphical condition, the average width
of delineated from the (op map
(1:1000) is above 280m.

For (84 B'>2D)

to the bed rock @n other impervious
atraturn Gnd back filled with impervi-
ous malerinl. This is (he most positive
way of controlling seepage and ensis-
ing that no problews will be cdeaun-
tered either from piping. through the
faundation or heave dise (o excessive
secpage pressufe al the down stream
toe, The possible tnd cconomically
nceeptable depth in this case varies de-
pending on the bocal geological condi-
fions, A minimum bottom width of 4m
is provided 1o cnable gmooth aperation
of cxcavaling and compaciing equip-
ment through out the longituding| sec-
Homn.

4. Conclusion And

Recommendations

4.1 Conclusion

Considerations thal influence the
selection of the rype of seepage confral
messures 1o be adopted are depth of
foundation, neture foundation Strals
and material in¢luding permeability of
different tayers, likely seepage losses
and degree of control requires, relative
economics of differenl aliernatives, the
risk element as influenced by the
height of dam and the seriousness of
the consequences of [milure.

The amount of water, that was lost
from the reservoir due 10 excessive
seepage, is 287820m’. Bul based on
sliccessive sile supervisions and resulis
of peological test pits, we have found
oul that the existing implemented cll-
off at the center line of the dam axis is
nol positive culofl but a partial culoff.
This conclusien is drawn oul analyn-
cally based on hydraulic compulation
of seepage water through the founds-
tion malterial.  The amouni of rate of
seepage water would be reduced only
by 25% with 50% cutofl penctration,
le. 75% of 324864 or 24364Bm’ of
the reservoir water lost throngh this
partial eutol. Therefore 94.4% of the
reservolr water lost under the imple-
mented cul off is identcal and (s cut
ol is nol & positive culell,

4.2 Recommendations

impervious striurn ond keyed in 1o |
is nppropriste. '

JThe stripping of astural blanke
up stream fromn the dam in the reser.
voir to secure impervious goil for the
construction of the dam should be
avolded when a positive cutofl is not
provided in the design.

“The cutofl provided upstrcam of
the dams & frami the toe of the up=
stream shell is o positeve culof. There-
fur: this cuteff should be properly
Jointed vith the core material, The
maserial used for jointing the wpsteam
cwtoff and the central eore material
should be the same and it fas o noo.
nal thickness of 2m. (Se¢ fig. 3.}

All assurmptions in the Darcy's
equition are valid.
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Stressed Irrigation And Production
Function A Case Study In The Hare

Command Area

Dr. L. B. Roy Arba Minch, AWTI, PO, Box 2{, &

At Gezahegne Wajebo. Awassa, Co SAERSAR

POk Bax 9235,

Abstract

The differential nature of crop yleld response to different levels of soil moisture content available (o it gives rise (o
the cancepl of waler production functions of crops. The functional relationship between variables quantifying the
water Input und crop output, namely the crop yield is water production function. A key limitation of water production
functions Is (hat they largely fall to account for human aftitudes, values and reactions, i. €. these are based en simpli-
Med assumptlons. 1n the present paper an atfempt has been made to study the use of production functions in obaining
ykeld reduction for the cereal crap maize in the Hare command area. For 10%, 20%, 30%, 40% and 50 % reduction
in ET, the Jensen's (1968) model and Rao et. al (1988) model have shown slightly curved relation with similar results
While Stewart et. al model(1976) gave relatively straight line and high deviation as compared to (he other two models
ifter 38.46% reduction in ET_ Therefore, eithier of the first two methods may be used in locations where experimental
data on crop water use and yicld are sparse.

1.Introduction

Waler deficit or water stress refers

1o a situgtion in which plant water po-
tential and murgidity are rediced Lo
such g level as to interfere with normnal
functioning of plants; The importani
processes affecied are: loss in (urgidity,
decrease in protoplasmic viscogity, de-
crease in process of photosynthesis,
initial rise in respiratory rate and sub-
sequently [all in it as waler stress in-
creases (Sree Ramuly, 1998). The crop
waler requirements for the healthy
growth of crop which daws water
fram the soil through 115 rootl system,
provided sufficient water is avajlable
in the so ¢alled 'soll reseryoir’, While
this reservoir stanis depleting, the crop
cantinyes o draw their requicements,
For some level of depletion Tevel, the
crop can draw the totl requirements
(Let us call it ET_), bui afler some
depletion level, though the crap can
still draw the waler, the water drawn is
less and this condition 15 known as
stress or deficit condition. The actual
water that can be drawn by the crop is
called actual evapotranspiration (ET ).
Thus' value of the ratio gets
progressively reduced with the deple-
tion level. As soil moisture stress in-
credses photogynthesis drops (o 4 com:
pensation point and directly affects the
varigus bischemical processes and in-
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directly reduces the intake of carban
dioxide through the stomata,

2. Methodology

2.1 Water Production Function of crops
The differential pature of crop yield
response (o differenl levels of soil
mpisture conlent available to it, gives
rise [0 the concepl of waler production
funciions of crops. The functional rela-
tionship between vanables quantifying
the water input and erop oulpul,
namely, the crop yield, is called the
waler production function. Even when
waler 45 considered the only control-
lable input, the crop water — yield rela-
tionship 5 quite complex, This is be-
cause the economic yield of a crop de-
pends not only on the (otal water sup-
plied during the growing season but
also on its lemporzl allocation. Dis-
tinction is, therefore, made berween a
waler production function, which 1s
derived for the total water used by the
¢rop in the ennre season and the dated
production function that depends on
the time distribution of the quantities
of water useéd, The former can be con-,
silered (o be an implicit dated produc-
tion function with a fixed seasonal dis-
tribution of waler while the larter is de-
nved based on fexible distribution of
water supplies. Hoth seasonal and
dated waler production functions are

useful ar differcnl stages of irrigation
planning and management.

2.1 Waier Variables Associated with
Crop Yield

The primary question involved in
the development of waler production
functions (i. e, Seasonal or dated) re-
lates 4 the choice of the ndependent
vanable (x), the dependent one being
crop yield (y), Mathematically the
functions may be represented as

y = fix) NP 05
As per Stewart (1980) x may be rea-
sonably represented by:

i} The actual depth of imgation
water applied (1)

i) The toml field water supply
(FW3) (i.e. FWS = effective rainfall +
Imigation + stored soil moisture), ar

iii) Indirectly by the crop evapo-
transpiration (ET )

Effective rainfall (ER) represents
that portion of the mainfall, which be-
comes available to the crop throigh the
soil water reservow, When Imgation
(1) is used to represent water use, trans-
ferability to other sites and seatons is
not feasible as the water used by the
crop comes from rain as well as from
the stored soil moisture, Further, some
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Tauble; 2 Values of & corresponding to dilferent values of K

| Ky [020] 0251030040 ] 0451050

pss (060 075080 1o0] 150

3 1095 [ 0191024 932 [ 037 [ 042

047 [ 052 ] 0.68 | 074 | 1.00 | 195

31 An tllusirsted Example: Crop:
Muize

Lel K =1, AET=3,23 mm/day aod PET
3.63 mmiday

I (I . au;‘r].am.:!ﬁrrw Madel.
'\~ PET

ﬂ]—él.'_r.l]—}'—z.-?)
V. 369
= 2= _ o389

Muylsiplicateive Model
L.J:r'\ ln(dEr)

PET
= {n (0.889) = 4 £n(3.23/ 3.63)
=-0.117= A (,-0.147)
= =140

The third formulotion (s a simple
mufu'pfrc‘a.'.'m,r model!

TR

This 15 based on the heunstic as-
sumplion that the Boolean principle 15
applicable and the yield expecied ay Lhe
end of any growth stage 15 determined
with respect to the maxiomm yield ex-
pected at the beginning of that stage.

The abave three dated waler pro-
duchion funchons models (Equations
6, 7:ant 10) derived from crop growth
stage yield response faclors K, given hy
Doorenbos #nd Kassam (1979) were
compored by Rao er o) (1988) It was
concluded (hat the sample heunstic
multiplicative form {Equation 9) Is ap-
plicable over o wide range of stressed
conditions, This form can be used in
loeuuons where eaperimenial data on
crop warter use and vield are sparse,
c.g for the cropMaize (Desalegne el
al, 2000):

—A(10%

Graih AT u '! "€ [[D

ETa(AETY 1.7 1 146

FTm (PET) | 2,10 I 7348
s j.04 | 15705 {00
il EF :os;uz 0,137

18

Sofutosn:Method | r'dﬁrr Senser, V9EH);

SREINE)
Yo [ p-.zr »:r PET,

e I il ALY
7 i L’i] ) [ﬂ] : {_*]
-:: [:m) 133 447 Ak
w K015 ] (091 0) (e va1p [0 0) = 014
Figla rwivacthon =1 = I".
=b = BEM

= Fanldd Rt dwiminn =16 fith

jw

J—' = (0.004) {0937+ (0.96)* 1)
= 0836
. Flebt reducrion = =0 836 = | 6.4%

Method Ii(after Rao ¢l al, 1998);

= - AET
FalsE J"lrl m‘rl

b \ 438
| -1.J[I-L‘-|'|U[|'—'—J

21 L 3s5) ST
w = (DT o 008w (L0

= LLADF

Pl S

Yiclf reduceion = {E2T = 173%
Method ITY {after Stewardt e, al, 1976);
Therefore we can conclude that al-
most there is no difference in all 'the
above three models of production func-
ton, Further, the vield reduction for
ET: cquu[ 1o different perr.:cnlai.c of
l:.']'( - 10 %0, 20%, 30%, 40%. and
S0% are ca!culmq.d by lhl.. above three
models as follows and the results are
s tabulated in Table 3.

Tahle: 3. Results af tield Production
Funeilons Madels with Perce nmge
Reduction in ET

Mteductiou s ET, % [10 120 [301 40 | 5 |
Jensen (1958} Wiaisa] 76

Rao el 3 (108K) 124 [44 |61 ] 75 | &7

Stewart et ol (1975 [ 261 53 [ 76 | 0a | 130 ]

3.2 Sample Calculatfon For T wifh
1055 of ET. Rediction

The data far the crop maize is s
given b below:

Rikges | A | ® 4 C | D |

BT 210 | 353 | 4.6T | 348

"‘—' LRG| S0 L4200 f200

—E_?; Bg0 | 090 | 0,90 | 090

ET,

oy nAaD| 15 | 0.5 | D24
013 | 1.95 | 42 | 15|

Jeasen( 1 W6H) Method:

FilY e = (D002 (0 0} Wy oy B e g i Y
= i = ADLFTY® (00D )5 (0 S *(00)
= Y)Y ree ® 070014
L Yield cedusetion = R4 THPIA = 2608 =205 [y

e O e G

Rao ¢, al (1988) Method:

YalVena = (B0 (1-0.9))° (1- 1561 0.9y)%
{1-0.5 (1-0.9y) *(1- 020 ¢1-0.9))

= ¥ Yoma = (0,96) m B5) {08 (0.95)
= Yol Yo = QI5960
Yield reduction = | — 075069 = 240334 = 2894

Stewart et al (1976) Method:

Yolyims = 1000 (01 ) = 15(0.0) 4 0.300.1) + 2404}
Yal¥rme = 1o 0,04 + 0,15 +0,05 + p02

Yol Yo = T4

S Wiokd reduction = L0074 = 6%

Likewist we can calculale for 20%,

%o, 40% and 30% reduction in BT,
T‘In: percentage reduction has o be
mummum i order to gel minimum
yield reduction. Therefore, 10% reduc-
tion of ET_ 1$ recommended in thig
cose during the period when' there is
scarcity of imgation water. Fram this,
i is clear that Stewart el al (1976)
madel will not be functional after
38.46% reduction in ET_. Graphical
comparison of the output of the pro-
duction Munction is 85 shown in the
Figure 1.

4. Conclusions

An attempt was made to study the
use of producton functions in obiain.
ing yield reduction for cereal crops in
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Sprinkler Irrigation by Gravity : Lessons
from the Finchaa valley, Ethiopia.

Abstract

Nerzefa Shafo, Finchoa Sugar Faciory

The unlgue feature of sprinkler Ierigation system is its ability (o apply waler ln ike faore of sprays similar to that
of ralo. This [s achieved by (e simple mechantsms of sprinkler companents which sre set 1o relate by the action of
waler jet rushing out through small nozzies pnder high pressure.

Inthis prpce, a short account on (be sultabitity of the land terrain of the Finchan valley Tor sprinider |rrigation, the
design parameters and munagement considerationy of the speinkder Ireigation system powered by gravily are pre-
septed. Finally, the puper concludes by In-sighling o furilier study of such ireigition methods to olher iocalites wher.
ever the waler and soil resaurees, the land wrresia and other technicalities arc in Tavowr.

1.Introduction

Irrigation development has always
beén eseential 10 expand agricaltural
achivities towards and and semiand ar-
eas, For such development the avail-
abiliey of adequate waier source and
determinang s methods of conveyance
and delivery (o the crap fields 15 as es-
sennal as the avalability of the
umngable Jand, Based on this, the sprin-
kler irrigation system was selected as
the most suitable ymigation wmethod to
grow sugarcane al the Finchaa valley.

The Fipchaa walley is located at the
foor hill of the steep (almost vertical)
escarpment surrounding the valley in
the east, south and west directions
Further more the land js bisected by
the Finchaa river flowing from south
lo porth untll it joins the Blue Nile
TIVET.

The land tervain (lopography) of
the valley which drains towards (more
ar less perpendicular 1o0) the Finchaa
river has given a unigue opportunity to
introduce & operate sprinkler irriga-
non systems from the pressuse created
by gravity due [0 elevation differences

from the canal 1o the crap ficlds,

Thas paper describes the general
considerations followed in designing
the sprinkler irmgation system with a
hrief explanations of its operational
flexibility and the sustaimabylity of the
systern when powered by gravity.

2.Background

Finchaa Valley where the Finchaa
Sugar Fuetory is establishied is situated
in the Eastern Wollepga zone of the Re-

30

gion 4 of Ethiopia within the general
houpdaries of 9°15° w0 10°00'M and
37715 1o 37°30°E. The topography of
the valley is dominated by ils undulat-
ing pature rapging between an alliude
of 1350 apd 1600m a.5.]. which 12 sur-
tounded by escarpment caps in both
the thres dirgctions,

According (o the Ethiopian Agro-
chmatic zone classificanon  (Humi
1986) the region has both wet Kola and
wel Weyna Dega climafe based on the
weather data collected ai the central
part of the valley .

The valley expencnces an alternaie
wel and dry seasons with the major
rains falling between June and Sep-
tember. The mean annual rainfall is
about 1300 mm with 87% of which
falhing from June to Sepiember. The
long term mean anmuay class A pan
evaporation 15 2530 mm while (he
maximaen and minimam daily tem-
peralsres are 34°C and 11 “c respec-
tively (Booker Tate, 1994},

Most of the soils in vhe valley have
developed fram Alluvial and Colluvial
deposits denved from the sumounding
rock formation in the escarpment,
Some soils have been formed ffom
basemen! complex tocks in-Situ, AS re-
posted by Girma et al (L996) the two
majo; soif types are of the red to red-

Table 1. Aren and Elevation of Fields
under Sprinkler irrigation by gravity

LoCRT e ALER [T (R
A b ELANATT 0N ELITYRTL Qi
LS LY

¥ = T L v
OOlE A DD L) 10 Toin
L] I | 1953 1551 | 3.
[t 08 ¥ [Tt Tii_|  LiFa
L] 80| LYY a7 | 157
TOIE =i [T 1inE Ti%
=il 105 1840 (TTY STy

| [T LLL] | (E1L] 154 1184

dish browm friable Lovisols (75%) and
the black heavy clay Eutric Wertivaly
(25%). However there is nof & well de-
fincd boundary between the fwo sai)
types which made it difficull to have an
independent irrigation design for each
soil hype.

The water from the Finchas nver is
diverted by a weir to a conal al an el
evation of | 600 meters ending afier 44
k. of strelch ar about 1540 meters
a.m.sil. However the gravity imgated
ficlds are found between 1510 w 1380
meters of elevation (see Table L)

The land feanyres are pot only un-
dulating, topography but there are also
ynany gully intrusions and antermitient
streams discharging to ihe cenurally hi-
secting Finchaa Aver as shownin Fig d

This rype of land [eatwre of the val-
ley has given & favourable condition of
drainage from the ficlds that are de-
signed for imgation so  thal the
Finchaa river 15 serving as the main
drainage system of the catchmenl
while Ihe inteymirent streams serve as
secondary drains.

The waler requirement of the supar
cane is fullilled by irigation and rain-

fall. There is no need of irigation dur-
ing the months June to September as
the mainfall amount s sufficient 1o sat-
isfy the crop water Tequirements. Mev-
ertheless immgalion is essental in the
remaining months 10 aftain @ sustain-
able yield.

1. The lrrigation System

The urigation system comprises of
three major components, namely, the
comveyince syutem, the distibution
system and the application system

water 5(1) Sept 2001



‘Flnchan Sugar Faclary Irigation Layout (Phase 1)

Cannal Pumpatatlons, Rosds and WVillagos

Fig.1 The Finchus River and Tributary Intermient Streams

The conveyonce system consisis of
diversion weir, canal, inverted siphons
and head conmrol siruciures. Conse-
quently the water is distnbuted up 4o
the edges of the cane ficlds using as-
bestos cement pipes which are laid un-
der ground. The Mow ©f waler into the
pipes is regulated wsing various. (ypes
of isolating valves, Besides pressure
regulating valves are also installed (o
reduce the down siream pressure in
places where the pressure exceeds the
maximum design pressure,

The most promsnent part of the
Finchan Sugsr Factory urigation sys-
tem is the use of spnnkiers for imiga-
tion waler application fo the cane
fields for aboul 6800 ha, The use of
sprinklers in such o large scale made
the Finchaa Sugar irrigation system
unigue since it is the only plage in the
couniry Where sprinklers are appli-
cable w o large soole.

3.1 Design consldecation
- The parsmeters and procedures
that have been considered w designing

the irrigation  system can  be
cotegonised into three major groups.

water 5{1) Sept 200)

- The canal, siphons and the head
contro} struciare being the conveyance
syslem in ong group:

- The network of pipes and flow
regulating valves being the distribu-
tion system in the second group and

- The laternls and spnnklers being
the application system in the thrd
group.

Since the parameters used for the
hydraulic design of the canal are not
unigue and are simular 1o other canats,
emphasis is given only for the secand
und third categories.

Desipn of the piping nemwork

The main aspects of sprinkler irm-
gation system is its-ability 10 apply wa-
ter in the form of drops or sprays sini-
lar (o xains. This is aaly possible when
the waier i5 pressunsed and allowed 1o
escape  through smoll openings or
nozzles which are specially made 1o fa-
cilitate  the applicanon.

in most places the operating pres-
sure |5 created usimg pumps which
consume a large amount of energy, be
it diesel or electric (Stout 1979 and
FAD 1968),

Here ot Finchaa, the wnique fea-

tures of the land termain have piven the
opporunity ko make use of gravity en-
ergy 1o creale pressure in about 65% of
the estate for operling sprinklers
without pumps, thus reducing the en-
ergy cost which is one of the major
componenis of the operating cost.
Therefore, the piping network is de-
signed in such a way thal the pressure
remains at the range of 4.5 1o 10 bars,
This is achieved by selection of the
correct pipe sizes and by using pres-
sure: reducing valves where the pres-
sure exceeds more than 10 bars, More-
over isolating valves are provided at
every branching pipe lines and ar vari-
ous lengih of the main pipe line for ep-
abling maintenance without shutting
down the whele system. Also provided
are au valves at the peaks and drain
valves: at the depressions along the
alignments of the pipeling,

Nesign of the sprinkier system

The method of imigation applica-
tion is by the use of drag-line sprinklers
with o 36m long flexible hoses which
are conneeted o the lateral pipes wilh a
quick couplings. The lateral pipes are
spaced at o distance of 90m and the po-
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the solutfon as o white snow,

Boiling test: Whils heating ile i-umlplt
the structeres were bumed out. Firs)
e structure seemed ta Tl apart anel
ulterwards if went to the top ol the jar
in the form o bubbles, The water be-

cane tetally clear after bodling,
Palunce oven fests Aller hcating the

structure ul 607°C for 2.5 hours, ftric-
wire one had disappearcd. The oflier
structures remained campletely inl;lmf.

Ralared smdy on the same a-'nb;m:l_
showed that thiere dre four categories ol
biological striciures.

« (rranic compond ar facces! 0C-
cording fo MeSweeney & Fastavsky
(1990) mentien fron . axide seined
sphendes of passible biological eri-
win. These  enigmatic hrmlflil.'r:
spherules, interpreted 1o fepreseat iron
oxides associated with organic matter,
Modem examples involving bactlerinl
mobilisation of ferric oxyhydioxides
exist. The unusual external spherulic
morphology may be attributable ¢o the

soil microbiota, or il may represeni
pseudomorphs after ather biological
features such as pollen.

: Afpae: Stanier et al (1987) men-
tion the cyanobacteria, which were foz-
merly known, as the blew/green alpae
are o diverse nssemblage of Gram-
ncpative cubacterp characterised by
their ability 16 perferm oxypenic pho-
tosynthesis. Many cyamobacieria are
obligale  photoautoirophs,  being
wholly incapable of dark growth with-

our the presence of organic sources of
carbon and energy, The chemotraphic
growth rate of those swains that can
grow in the dark is very low relative (o
that 1n. the fight; it occurs only al the
expense of glucose and a few other
sugars, which are dissimilated by nero-
bic respiration. The Fleurocapsa £roup
15 1 group of cyanobactera that 1s dis-
tinguished by a mode of reproduction
that is rarely encountered among ather
bactzria: multiple fission. Mulliple fis-
sion is o series of successive binory
fission’s  wathout interveaing cell
growth; hence the cell undergrowing
this mode of division 15 eleaved into a
number of daughter cells, termed
Bazocytes, thal are much smaller
daughter cells then the mather cell,
Bacocytes may be motile; if so tigy
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lose dhetr motility belire ,cumnnm_:illg_
growth, Mast  members ol the
Pleirocapes  group e fngilistive:
chemmnhigtromophs, They e _.gri:lr.-
sprend i soif or in fresh and sall water,
The structures [ouid in the samples

hadt ptrong sesombinnee wilh the Har-
pliological appearance of the specifit
species of the Ploujogapss  group

whye Maosaro i,

“m.:{;:m;ﬂu.- Stanier el ol (1987)
rricnteons thir Myxobacterin arve glid-
i elemohitiolophs with o ullit::}_hl-
lnr moephology, Myxobaclera are soil
arginismes and are usunlty detected in
mature through development of their
fruiting  bodies on sotid substrges:
burk of trees, decomposing plant mofe-
rinl and dung of ammals,

A few species of the Myxobncterin,
all of the penuses Polyrngium have
promuneni  nulrent  requirements,
They are uctive cellwlose decomposers
and grow in o medium with o mineral
base; supplement either with cetlulose
or with hydralytic products; Since the
morphology of the structures found in
the saniples showed swong resem-
blance with the physical appearance of
certain species of the FPolyangium pe-
miis further research on this micrg-gre
gnm'sm Wos ]Jﬁ’l‘f-ﬂnnﬂd and h WAS COTi-
firmed that it belangs 40 the abave-
mentioned genws, Piciure four ig phota
ftom the literature, which was taken
from microscopic wiew at 573 fimes
mrenilfcaton,

limes smagnificarion,

Some more peculianities of these
bactena are, they did nat grow on me-
dia BG 11, The structure remained to-
fally intact on the media and no sig-
mificant growth was found, Some ex-
planations for this Anding can be thay
the environment wis not suilable for
this fype of organism or the growth

MNP 5. g o mmﬁn.wmm
Wils (e Sl o be nosed, |

Slarch :
found under oo T growsh
coneliede lh“a;: ﬁmdliin_rg;, One can
(3 hphul‘m}mlhr:llr:
cyamokheter, 'C':J'I:II'E'II I
thetie. & picture takey f;;:n S
:lgrgh AgAT cdium thay gy, taken oy

emes magmification oW (i
fire five), = o

5 'lif—:’n
Browily gn

The myxobactena show Tl il e,

viranmenial and physical resemis..
with the eyanobagieria, ﬁcm

agar medea showed us some inleresin.
facts: The structieres Eow fasy lm:_fhg

starch agar media but not gp (b, |
agar medin. The grawih “nﬂ.lﬂh:m
agar was long time undetecable py
after abow! four wecks EXponentis]
growth was noted. To erosggheck
whether (he structiires found in ihe vy,
ter of Adigudum are the same g ihe
structures prown on egar, .phmum'ﬁh"
01 boih structures were compared, pic.
fure six is a photograph taken from
stnuctures presenl in water of (he
Gumsefasa  micro-dam and  pienre
seven 15 o photograph taken from
stictures, which have been grown g
starch agar. Both pholographs were
taken at 406 times magnification. The
conclusion that was drawn was (hay
both structures have the SAMe mmor-
phology and are most tikely the seme.

Picture 6 Picture 7

From literature there was derived
that myxobacteria occur in dung of ani-
mals, so animal dung was collected and
studied. Microscopic analyse from dung
samples showed us that exactly the same
struciures that were found in the water-
samples were also preseot mn the dung.
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The Use and Dissemination of
Technological Information Contained in
Patent Documents in Ethiopia = I

Abstract

The success of a multi-faceted socip-economic de velopmend effort by and large depends on dechinological progress.
r inventlons for o limited period of time, hedps 1o stimulate

The patent system, which provides exclusive rlght ove _
fechnologleal development not only by providing the requlsite protectfon bui also by making avallable vafuable (ech-
opoly fighl over an invenitlon may be regarded as

nological information through patent documents. The grant of s mon
The latter Is granfed a limited exclusive rlght in return for prompi

i trade ofl between the state and the [nyentor.
are nol kep! seerel and soclety benelits from the disclosare thereod,

dixclosure of new Inventions so that Inventions
It Is o standard requirement of most patent laws thal patent applications contain a descriptfon thai diselase un

Invention in a manner sulficlently clear and co mplele for it te be understond and u.l]!d by uw person skilled im the ari.
ment is to facilitate the use and dissemination ef technological information. That is to

The rational behind this require
nvention upon the expiry of the putent right or under preseribed conditions during

enable other persons (o exploli the |
U the consceni of the patent holder or fo frecly use it for Lawlul purposes such as

the currency of the patent withou ;
research and development uctivities. Every year more than o milllon patent documents are published worldwide,

describlug about 350,000 new solutions to technulogical prablems. The large quantity of the Information published
together with additlonal festures makes patent documents the mast valuable source of lechmolopical Information, The
information contained in patent docurmnents, amongst others, is more comprehensive, recent and applicable than those
confained In other sources such s sclentific Journals and books,

‘The use of such Information will, inter ullia, help 1o:

a) solve technologleal problems there by avoldi ng duplication of effort and wastage of resources,

b) Reorient research activities, and
c) Facllitate the acquisition and transfer of foreign technology.
The role the patent system plays os o source of technologiesl Information s therefore one of the basic Justification

for the Intraduction and establishment of the putent system in Ethiopia. A preliminary study made by the Ethiopiun
Selence and Technology Commission (ESTC) revealed the need for technalogical information 1o enhanee logal invens
tive aetivity us well as stimulate the acquisition of foreign techoology there by ulleviating the socio-economic problems
of the country as well as building up the national technological capability. Cognizant of the need for technalogical
Information and the role the patent sysiem plays in making available the requisite information, o concerted effort was
made to establish an appropriaie and suitable national pateni system in Ethiopia,

The Patent law, which is the first of its kind in the history of Ethiopia, was enncted In 1995, The ESTC established
2 patent, (echnology transfer and development department (PTTD) to implement the law, This created a favorable
environmend (o collect technotogical information contained In patent documents as well as fo render a technological
search und information service. There was no single patent document consisting of full tecknalogical information in
Ethiopla prior 1o 1993, Thanks to (he concerted effort made, after the adoption of the natlonal S& T policy, the
issuance of the 1994 proctamation that entrusted the commission to deal with patent matters and (he enactment of the
patent faw, at present there are more than 12 million patent documen s consisting of valuable infornmtion reluted 1o
technologieal solutions In different sectors, Researchers form institutes of higher education and research, entrepre-
neurs from public and private enterprises as well as relevant government organs have so far used (he [nformation,
Some of (he users have suceeeded in Impraving thelr products while others developed mew products.
The achievement made In bullding up of a huge technological informadtion within a short period of time as well as
the few results obtained by using the Information are encouraging However, a lot remains to be done. The use and
dissemination of the information is very low, when looked at from the point of view ol the available huge collection of
technological Information and the technological needs of the country. This could be artributed to a pumber of factors
ranging from lack of awareness (o absence of o mechanlsm for vnsy muecess (0 the techmologicad information.

In this paper, attempt Is made 1 highlight the:

. importance of téchnologleal information eontalned In patent documents,
b. experience in Ethinpia regarding the hitherto use and dissemination of the available technological information,
c. problems encountered and steps taken, as well as

d. Planned fufure setivities,
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Introduction

The success of 1 socio | economic
devislopmeny effort by upd lorpe de-
pends  on technological [ropress.
There 15 o direel co-relilion between
aocto-economic development and tech-
uplbgichl advancement.

Cauntries that are konown ps devel-
oped in lermyd of their level of socio-
economic development pre genceally
technologically advanced, The fechno-
logieally backword couniries are those
thal have o ow level of soefo-ceonamic
development and are known as devel-

oping and least developed countries.

The various socio-cconomic prob-
lems of Ethiopia are results: or reflec-
tiens of, amongst other things, its yech-
nological ‘backwardness. The muli
faceted davelopmeni effort of Ethiopia,
therefore, requires the need 1o spur
technological progress, This in turn re.
quires the existence ol a conducive en-
vironmenl. Ooe of such environmenis
is the paienl system.

The patent system, which mainly
consists of the law and the smplement-
ing insstuations has evalved before 500
years and developed from timie to time
&s 4n instrusment of promoting lechno-
logical developmenl end  enhancing
socig-economic progress, The syslem
is believed [o play 2 positive role in
stimulating inventive and innovative
activities, faciliating the speedy dis-
closure and spread of technological
knowledge and encouraging the trans-
fer of foreign vechnology,

The discussion in this paper is lim-
ited to the role the patent system plays
as u source of technological informa-
tipn. The paper aims al giving @ birds
eye view on;

a) The role of patents as a source of
valuable technological information,

b) The advantages and imporiance
of technological information contuined
w patent documents,

c) The experience of Ethiopia with
respeet to the use and dissemination of
technalogical information, and

d) Highlight the problems en-
countered, the steps taken and give in-
dication on future planned astivities.

in order to help uppreciate the
value of the information, copies of

patent documents containing twasling
logical information related to dam con-
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struction and published ot differcnt
temes wre pttached (o (s paper,

Patent as a source of

technological infarmation

The patent system that provides ex-
clisive night over inventions for s lim-
ited periad of dme helps to siimulate
lcchnological develapment by making
avatloble technological  informilion
throwgh patent dotuments, The granl
of a monopaly right ower an invention
miay be regarded a5 o trade ofl between
the state and the inventor. The latter is
gronled a limfied exclusive right in re-
turny for prompl disclosure of pew n-
vientions go (hat inventions are nol kept
sccrel and sociely benefilg ffom the
disclosure thereof. 11 is o standord re-
quirement of most patenl laws, includ-
ing that of Ethiopin, thay the patent de-
scriptiony discloses (he invention in o
manner sufficiently clear and complcie
for i (o be carried out by a person
skilled in the ad, The mtional behind
this requirement is |o facilitate the use
and dissemination of lechnological in-
formation, Thal is to enable other per-
sons (o exploil the invention upon the
expiry of the pateat rght er under pre-
scribed conditions duning the currency
of the patent with oul the consenl of the
patent holder or o use it for lawfil
purposes such as L&D activities,

The described 1echnological infor-
mation is made available through
patent documents. A patent document
ineludes ** both patents and patent ap-
plications, as well as other official
documeniation such as * Inventors cer-
tificates’ and ‘utility models' "/WIPD,
1987:4/.

Comparison between patent
documents and other sources of

technological information

Technological information may be
made available through sr.ir:ntil’cjum-
nuls, books, patent documents ele.,
However, potent documents are con-
sidered more valuable source of tech-
nological  information than  other
sources, There are & number of features
which makes patest documents more
valuable source of technological infir-
mation when compared with  other

sources of lechnological information
sich o4 scientific books and joumnals,

According to WIPD the mimber of
patent documents published i the
world is approximately one million
cach year and it a5 estimated that
patent documems puhlushm unmllr
describe approximately 350,000 ncw
solutions (0 technological problems,
The large quantity of the tnfarmation
pubilished together with addinonal fea-
turés makes patent dozuments, the
mo3l valuable source of wechnological
information.

The mformation contamed m
patent documenls, amongsl others, is
charucterized by the fuci that il i

I E.J_dlﬂdﬂﬂ_kmm

}dc avai ea

sources: -Studies t:vmttd that about
two- third of the information contained
i patenl documents has oever been
published in any other forme An inves-
tgation made by the Umied Smies
Patent. and Trade mark Office
(USPTO) showed that as muchas 70 9%
of the technology disclosed in US
patent documents from 1967-1972 has
mol been diselosed in nopn patent liters-
Ture [ WIPQ 1999: 8/, Funhenmare, the
remaining ane-third is made available
in other sources, lang afier the infor-
mation i5 disclosed and published in a
patent document. The following mble
consists of examples of the time gap
between the ime the nformabon is
made available through patent docu-
ments and other sources.

Trpa ol toahualsgiesl Viear o publlesiias
balareuria®s Falami doqumeni | (iler form

Pusch chrdy [[11] e

™ 1912 12

Tl mypine [ TR

Table-1 Examples of gapy, in the time
of publicarion of information

2) Complele and practical — The
nformation is not confined to the new
technological information but also the
prior art and contains ways of putting
it in practice. Patent laws oflen require
that & patent application disclose the
information in a compete and adequate
manner (o enable a person skilled in
the an to put to use the technological
information with out the assistance of
the wventor, Furthermore, the appli-
cant has 1o describe the best mode of
using or applying the invention,
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- the informa-
tion is classified accarding (o intema

3)

tional pakeni clpasification,  Palents

i hnelogical
dealing with the same L€ :
pmbI:fn have the same clagsification

ther. The
symbols and are grouped toge
l'.nTmnIfﬂn.ﬂl agreed pumbernd for the

identification of data (INID codc) inli-r‘}
help 1o identify the Inrn‘mm[un r:'“ :
spective of language barrier The 5u .
kind of infarmation is indicoted on o

patents and independently of the difs
ferenice in language. For mslun-:c‘ tl'l‘?j
is for dute of Gling (30) for priarity
dafe.

4) lmmense: - patent documents
contain practically everything that rep-

resents the contribution to the knowl-
edge of mankind in the field of tech-
pology back to the end of ]9% century.
Today. there are more than 40 million
published patent documents.

5) Not segref :- the information can
be freely used for lawful purposes such

&5 R and D a5 well as freely exploited
in a country where it is not protecied.
Paleni profection is ferritorial in its na-
ture. So long 45 an nvention is not
pratected in 3 country, it is deemed lo
fzll inlo the public domain despite that
it 15 protected elsewhere. As a result
invertions that are nol protected in 2
given country cap freely be exploited.
@) Relates fo a single rechnological
infgrmation and conlains comprehen-
sive technical, commercial and legal
information.

Advantages of the tachnological
information contzined in patent

documents,

The technological  information
contained in patenl documents has a
number of advantages, The informa-
tion will, interallia, hzlp to:

&) Solve technological problems by
avoiding duplication of effort and
wastage of resources,

Development of technological so-
lutions is a painstaking and costly ac-
ity It often requires time, labor and
effort of personnel, the availability of
the necessary infrastructure such as
laboratory facilities, information and
documentation service thet entail a
huge investment and financial outlay.

Such an investment will be wasted if
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nade 10 develop what is alrendy avail-

roblem. Milkigas ;
I:cu;n; wasted due 1o luck of informa

ilable else-
i hat in olfeady ava :
:‘;:r:.n gn: sdy revealed that A0% ol

e D I ¥ al-
in Europe duplisates Work &
o : h in manetary [EFms 18

dy done whic
;-i-lyl ﬁ; million US dollars 4 Eduardo
R. Fernandez, WIPO, 1997:9/,

b) Re- oricnt inventive and innova-
tive or tesearch and development ue-
tivity. The bibliographic data (ogether
with the refercnce to the relevant prior
art and the description of the invention
in patent documenis will emable re-
gearchers amd competitors 1o be in-
formed of current technological devel-
opments and findings in theu field of
aetavity and reorient their own aclivity,

c) Facilitate and overcome prob-
lemns related to seléction, negotiation,
acquisition @nd transfer of I'urcfgn
technologies

The information helps, interillia,
in alleviating the problem developing
countries such as Ethiopia face in the
identification, selection, negotiation,
acquisition and  ansfer of foreign
technology due to lack of information
on aliemative sources. of technology.
Blakeney explained that a * patent
document presents concrete solutions

of technological problems in a stan-
dard, concise and easily gecessible
form. The comprehensive information
contained in patenl documents permits
receivers of patented technology (o see
precisely what they will be receiving
together with an eyolution of compa-
rable technology and alternative solu-
tions" / Blakeney 1 959:85/

d) Essential 10 government institu-
tions such as Patent Offices and Invest-
ment Authorities 1o effectively dis-
charge their functions and tasks, The
information will help such offices,
smongsl others, lo decide on
patentbility of inventions and approve
or disapprove lechnology ftransfer
agreements,

Experience of Ethiopia

Genernl
The collection, use and dissemina-

tion of valuable technological informa-
tion, amongst others, presuppose the
existence of @ notional patent sysiem.
Such a system was absent for a long

A

period of time in Ethigpi,
A preliminary study pg, o
ESTC revealed the nagg f the
logical information 1o enp. . o
inventive activity as “I:lnlnlbc“ hﬁl
the scquisition of forejgy il
thero hya]lsﬁ;ﬁngmhwi_ nology
problems of thg country SO,
bl.l“ﬂing ',uF u.“: “lhumlkt:m“u“
capaciy.  Coghizapy S lugiea
technological informyyy,, - =0 fos
the paten! syitpm
avoilable the
concerted effon way - s
an appropriate and g _
patent sysiem SUltable natigny)

0l i ry)

eslablishment of a Rationa) PRIEDE 5y5.
tem. One of the basic justifications for
the establishment of such o §ystem in
Ethiopia was the recognition the sy
tem plays as & source of valughle tech-
nological information.

The ESTC established the PTTD 1
‘adminisicr the patent law and 1o serve
as 8 dawa bank of useful technolpgical
infermation contained in patent docy.
ments and render mformation sarvice,

Availability or collection of Patent
documents

There was no single patent docus
ment consisting of full (echnolngical
information in Ethiopia prior (o 1991,
Thanks.to the concented effort made
afler the adaption of the pational Sei-
ence and Technology policy in 1993,
the issuance of the 1994 proclamation
that reestablished and entrusted the
commission o deal with patenl mat-
ters, the enactment of the patent law in
1995 and the cstablishment of the
PTTD, concerted effori was made 1o
collect patenl documents and relaied
literature.

This effort bore fruit as a result of
the assistances secured from WIPO, re-
gional offices such as the E
Patent Office (EPO), African Regional
Industrial ~ Property  Organization
(ARIPO), national offices such as the
United States Patent and Trademark
Office (USPTO), Japan Patent Office
(JPO), and United Kingdom Patent Of-
fice (UKPO). To date more than 12
million patent documents contained in
print and eleetronic from are available

water 5(1) Sept 2001















wtion leads (0 a discrepancy or re-

sidual ermor, | Congidering e error

tern, the above equation can be re-

WHIER 84)

VosVurd P-E-ASt =0 (2}
In the above equalions parmmeters

can be distributed us!

V=V 48, (1)

'rl’ll" = fF' +:I§.Vu| I‘I}
iet =

V =V oY (s)

Where respectively, ¥ oand V are
s of surlhee inflow and outflow; 7
and ¥ are submsurfuse mflow and oul-
flow; V. are V. sre gouged and
unum:gct! nllows, pevd and miny are
number of gavged and ungnuged wa-
lersheds, The eror lemm, , 15 lrealed
compancil wise,

Solution Procedure

The waler balance model equations
written in the nbove form, using various
wiler balarge components can be used
lo compute and simulate Lthe water vol.
ume, wred, depth or altematively wn-
measured water balanee components,
The intention of the ‘waler balance in
hiere is tg simulate the waler lovel and
compule volume, area and their tempo-
ral variability on monthly or yearly time
spans. In order 1o simulate the water
level, volume based or depth-bused
eguations, which have equal applicabil-
ity, can be employed. The depth based
simulation procedure has been em-
ployed for results in this paper and de-
seribed by the following steps:

1. Compute initial parameters such
as ared and volume from the initiol
depth as boundary conditions,

2. Assume, mcan arex in time pe-
nodi, A=A, . where A, imtial lake
area,

3. Compute change in depth, Z, from

PR p =~ EF e ) A, AV, =Y,

4, . S0

Ay 15 area of the lake for evapara-
tion and rainfill computation, with p
and ¢ are mainfall and evaporation
depths respectively, £F and EF are
raimfall and evaporation: comreclion
factors, which are used (o adjust rin-
full and evaporation on the lakes,
Depth @t the end of the simulation in-
terval js:

S0

oy =, v AZ, (7)

4, Compule A, the area ot the end
of (ime interval § froun area efcvation
clirve, compute A oo &

W L

I 2 m

S.tecpeat steps 3 & 4 uniil reagon-
able agrecment in Z ohiaincd,

&, Compute, valeme ¥, ot the end
of time inlerval, § using copacity
CUrVE, :

7. For the mext time interval 2,
Ay Vi ore described by Z, A, ¥,

3. Input Data Process, Structure
and Data Structure of Data

Elements

The program for water balance
numed, LAKEBAL, has been devel-
oped and the madelling process consti-
lutes three stages:

- Pre-processmg of inpur data and
selection of model purarneters

= Simulafior and computation of
water balance components by execul-
g the simulation program

- Post progessing of ourpul from
simulation result

Figure | shows the sources of vari-
ous components of the input data ¢le-
ments and their interzction in the mod-
elling process.

Mu Ispio@s] Dale e ae

Pussngs)
Evspolirenyplatyn

P T ']

Ebmraken ¥y potuton In
Baraby b inundsisg
Auma

Runoft Diam Sena

4 OEuTed Rivery Gats wit
MOWRAL & PRECNET
PaiuiMeinr

I {Fu) Ungeugea)

Rurnahl W odal
FREOWET

Dots of waler Hulanece Compuneney

The companents of the wager Bal.
arice, Such ws anoff, runfll ang
evaparstion, |ake mﬁ’h“mﬁ? hM
€IC:, Were Nol exifting and Wthese com.
poncnts have been developed i gy,
wider scope of o sescarch associated 1
this paper, refer Seleshi and Hatlacher
(1999, 1, 2). The data ¢an be stated g
watershed dota; Jakes m'p‘hqm
*::g'- Tesomlogicat data, rnoff dary
peculiorilies in 1o o

walessheds, The :um:z::: ﬁ!t!; ;itﬁi
deg-mrlcorolopy 1omts 27 years of
Abaya and 22 years of Chamo Lake on
monthly basis. The waiersheds of the
two lakes dratnage basin have been
modclled  combining  ArcView Gis
(developed by ESRI) and Watcrshed
Madelfing Sysiem (WMS) hydrologi-
cal model (developed by Brigham
Young University, USA), While the
former has been employed for Digit)
Elevation Modelling (DEM) the fatter
has been used for Digital Termain Mod-
elling (DTM) in derivation of exten-
sive hydrological parameters, such as
slope, basin area, penimeter, ete. Fig-
ure 2 shows the detved main sub wa-
tersheds of the two Eakes Basin. After
refining the sub watersheds capruring
the locations of interest such as ghuge
stations and lake outlets, the entire ba-
sin Wwas subdivided in (o 52 sub-water-
sheds. The walershed data under the
GIS environmen! masks the Lake mor-

i freenal]
t Ervalon, Saziment SR el
Tllntpaﬂ.ﬂlpﬂ‘l'lﬁl\J iglc':ﬂiﬂ o
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Fig.d: Data Input Elements and Interaciion of Various Elements in LAKEBAL mode!
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phomctey due fo dats unavailability. Io
ordcr (o close 1his gap, n bathymetry
suryeys of (he two Lakes have been on-
dettaken combining Global Position-
g Syslem LOBS) ond Echo-sounder.
s resuli the digiind infopmakion sys-
fem of the wo Lakes water body,
physlcal morhpmetrie chameiensties
auich as arce, penmeier, length éic., ds
well as capacity curves have been de-
weloped: Figure 1 4) anil b) proyide o
derived elevation conlour mop of the

unsée model and 1o generate mnolE us-
ing minfiil-nino model where inflaw
data are not wallable, In order (o esti-
mate e waterdhed and lake meteara-
logical momihly  dotn, 0 modified
Thicssen polygon hos been developed
1o entimate winfall; termperamire—clevi-
tion relation ship Bas been eseblshed
to estimate temperawre and thereby
evapoirafsprriton esimalion is made
possible using Thoemibwaite's proce-
dire, Maut of ihe greain the two Lakes

Lakes basin 15 ungauged (onky 43955 of land

aren {s gouged) While the data of
payped mreas have been used, a suine
fall-runof model based on monthly
walcr balsnce éoncept wos developed,
o eslimale ungouped portion of ihe
waterstieds as well as (he missng cle-
ments of data in the simulation peripd.
The desail of this model is discussed in
Seleahd (2000), Componeils ol the
subsurface Dows are acenuiied Vin sur-
face madelling and direel accounis are
disregarded. Certain peculinr characs
{erisiics regorcing the hydrotopy of (he
walersheds such as intensive cvapara-
tion due (o wel land and tnundation -
eag, hol springs, waler uses in irriga-
fion are accounted as these elemenis
affect the magnitude of inflow compo-
nents. Furthermore, surface putfiows

Figure 2: Waiersheds of Abaya snd
Chama Lakes

I, T i et p - R ] i

134T aFan T HAS

Disigiae Cnne s’

Fig.4 a) Abaya Lake Depth Contour Map - b). Chamo Loke Depth Contour Map

[HL

Meteorological deta such o8 ruin.
fall and evaporation on the Lakes and
the identified” walersheds are mpor-
ranl elements to compuie the waler bal-

are pccownted in the simulation model
from the ganged information or by trial
and erren where such information 15

woter 5{1) Sept 2001

unavallable, The exising Lake level
peenrds constitule thice gaugs sutions
on Ahayn and one stanon an Chamo
Lake While the Abaya Lake dal
could be Nlvered, comecied and miss-
ing valucs are filled by compenng the
stations, in the case of Chamo Lake
data certaln years of monthly uninter-
rupted recards ot the beginmng and
end of gimulation penods could be
used, berouse the intermcdiale values
are assaciated with shift of statjons and
change of repording mechandEms.

4. Calibration of Parameters and

Simulation Results

Culibrration

The £F and FF piramsiers are
used 2s calibration parameicrs. Opti-
rmam values of these parameters gan te
selected by minimising the enor terms
bietween moasured and gimulited Lake
water level usimg ordinary fleasy square.
procedures of by wisial inspection of
ploned results combimed with regres.
sion equations. The optinum valises of
the calibration parameters can be sel
for various sgenarios of investganng
impacts on the lakes,

Simulation Result Using Lakehal
Due to uncertainty on the data of
the water balanee components on ook
hand and the need to oblain aceepiable
accuracy bersween the simlated and
measured paramelers on the  other
hand, the simulation and companson
of results were carmied oul for vorious
seenarios. Some af the results are pro-
vided below, and they include simuin-
tion under no outfiaw and no sediment
consideration, ‘with outflow and no

sediment deposition, with outflow and

sediment deposition. In ull cases the
water use and water inflow reductions
due 1o peculianities in hydrology of the
watersheds around the Jake's periphery
have been considered, In addivion to
the discussion given below, Figures 4
and 5 provide the simulation results.

Initinl Simulation without Congidering
ChugfTow

The first simulatipps have been
made for both Lakes withoul cousider-
ing outflows. After a number of oal
simulation, 1t is shown in Figures 4
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Planning & Managment & Analysis of
Sustainable Water Resources Project

Dr Pande P B Laf and DrRK Siagh Arbantinch, ARTT

Abstract

| roject
This puper presenis spme aspects of planning and management wimetl towards evolving @ Waler resources p
which cen be defined as sustninable, As 8 part of analysis an phjective functlon has been I’nrmulr'l_ll! t-unllder‘l::
varfous espects, which can be broadly classified as the essential requirement for sustainabllity. This has been reduc

lo u slmple case which Is easily solvable by lnear programiming.

Introduction

Moast of the so called third world
(ountries are striving (o provids o bet.
ter standard of living for their popula:
tian, With ever growing populition in
these countries, their quest for beiter

growth requires large seole develop-.

menl, that may lkead to ¢ progressive
transfommation of economy and $tan-
dard of living Under ithe new
dispensions sich tansformaticns must
be defined imterms of sustainabiliy.
The Ethiopian water Regources man-
agement policy aims fo develop suil=
pble and rehiable walcr resource mun-
agement  siretegy  Coupled  with,
Sustainability development was first
proposed by Srundtfand commission
(1987). As per the commission," sus-
fainable developmeni skould ensare
that it meets the needs of the present
with oul compromising the sbility of
future generation fo meet their own
needs”,

The contepl of sustainable devel-
opmen! needs translatior into aclion
ard programmes, The Brundiland
commission did not give any advice on
what should be done 1o make sustain-
able development a reality,

The meanirg of susiainability to
iome extent was clorified by Bruce
{1992), He defined it In lerms of ¢nvi-
ronmental,  economic  and  sacial
sustainability, which can be briefly
stated as undear:

I. Development must nol damage
or destray the basic life support system
of aur planet earth, the cir, the water
and the soil, and the biological sys-
(&ms,

2, The development must be eco-
comically sustainable (2 provide a con.
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tinuous flow of goods & services de-
rived [rom Earth's: noiursl resources,

and
3, The development roquires sués

tginable social systems ol Interna-
tionol, national, local & family levels
0 cnsure the continuity of serviges
produced, and of sustained life support
sy §lems.

Further allempls to clarify thinking
has been made 1n this direction al UM
gorference on Environment and De-
velapment i Rio De Janerio, Brazil in
June 1992, These ideas reloted ro waler
re;ources development  project  has
been crystallized by the commitiee on
water Resources Research(COWAR) of
the Internntional council of scientific
vnions (ICSL) through & comprehen-
sive report (Jordaan elal 1993), Erich
I.plate (1993) delivered a key note ad-
dress at the XXV LAHR Biennial Cane
gress ol Tokyo, These ideas are
summarised as under;

Sustalnability & water Resources
development Projects

Waler Resources development aims
atusing the water resources of a region
(o meel the needs of the people, agni-
culturs and industry and to protect
people from the hazards of loods and
droughts and pollulants.

Sustainable water resources devel-
opmenl can be considered (o be an in-
tegrated aclivity involving enginees-
ing, economic & environmental and
qualitative issues as well as resource
policies. Water resources prajects will
be sustainabie if waler of sufficient
quantity & guality is available at an ac-
ceplable price to meet demands and
quality standards of the population of
the region now and in the future with-
oul cauging the environmen! (o dete-

riorole; Water resources dewelapment
projects must be properly planned and
managed 1o meet the above noted ob-
jectivgs, The planning and manage-
mend issues aré briefly disgussed in the
[ollowing paragraph.

Flanning sustainable water
respurces developments projects.

Following poinis can be envisaged
as the requirements for planning of
suslainable waler resourees develop-
menl projects (SWRDPs). Understand-
ably all these points may not be appli-
cable 1o a given situation. However,
cafe must be given to these, where ever
applicable.

1. Consider the project os an inte-
pral part of societal system, and take
inlo. account all interactfons of the
project into society & environment.

2. Consider non-structural solu-
tions as a fist alternative, which may
require inter- disciplinary -and inter
sectorial investiganions,

Catchment area management (ech-
niques gnd other mon structural mea-
sures are being given greater ermphasis
these days as a measure of Mood con-
trol project compared to making elabo-
rate and costly flood control struchures,

3. Give due consideration to allevi-
ate waler quality problems during gp-
cration caused by the system, which
implies that negative impacts of water
quality are avoided or taken care of gs
part of plan.

4. The project should interfer as
little as possible with the natural envi-
ronmhent, that means that planning of

SWRDPs should include & full gssess-
ment of beneficial and adverse enwi-
ronmental impacts, and of MEans Lo
allevianate adverse ¢ffects,
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Interaction Between Ecological

Parameters and Methodological
Alternative for Ecological Nomenclature

This study nssesyed cealopienl status and associarion hetween Toresi
state, Indin, The searely for possible assochation bebween rainfall amd forest
seventy years annual eainfail andd forest cover proporiion {FCr)
ceological Interaction between rainfall and forest cover proporiion
enhaneing the debate on the same {ssue, bn the
Torest coyer proportion, the study niroduces met

Aleazar Tikahun  Ambe Colloge of Agriculiiis

Abstract

effect, mew Sype of nomenclature is reached.

Intreduction

Ecological interpction is one of the
arens of interest i this stady. 1t iz a
proven fact that forestry develops hy-
draotopy. It is equally interesting o ask
whether rainfall develops foresiry. For
this puspose, the presence of associa-
fion benveen rainfall and foresy cover
proportion <vas assessed at districy
fevel. The assessmeny based the rain-
fall and forest cover dala of the dis-
fricls i the Kareataka State; ndia.

Kamataka State, one of lIndia's
southerw stotes, bas a focest area of
368 million ha (GOK, 1995). This
covers 20 per cent of the geographical
area of the State, Hawever, official ve-
ports from satellite imagery show that
the forest cover does not match with
this number hewng only 3,234,300 ha,
(15535,

In light of this, this study tests the
existence of =calogica) interactipn be-
Iwes=n rainfalh and forest cover propor-
won. Aprioni hypothesis (o this study is
that proporian of forest cover and
rainfall amoun) m & state have signifi-
canml associution,

Methadology

Ketmoyorov-Smirnav Thwo Indepen-
dend Samples Test

Avernge af seventy years of annual
rainfail of each dizsteict in the Sialw was
taken; This averoge rauniall doln was
for the duranian from 1923 10 1993, Iy
addition ty this, the fotest cover pro-
portion of ¢ach disirict was caloulated
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for the year 1997 (as Fores| Cover/
Geogrophical Arén). Hoth district-wise
runfall and forest cover praporiion
values aee given in Table 1,

After  checking  poodness-of-fil
with  mormal  disiribution  using
Kolmogoray-Smimoy one sample Lesl,
fespective: mean and siandard devia-
{hons were caleulated for these (wio dis-
trict-wise cross sectonal data, Thus,
disiricl-wise mean rainfall and forest
coyer praportion-and their associalsd
standard deviations were obtained,

Depending on values of mean ang
sipndard deviation, the rainfall (RF)
dats was calegorized inlo ranpes by
taking one, two and three standard de-
vialions about the mean of rainfall,
The categories were pamed as Low RF,
Maoderate FR, High FR and Very High
KF ranges.

Likewise, the forest cover prapor-
nen (FCPY wvalues were colegorized
inlo ranges by mbang ome, two and
thiee siandard deviabions: about the
mean of FCP. The calegories were

=i | il —wi

Table | Distrive-wise Tl years average
rainfall & proportion forest covar

endowment and rainfall amount in Karnataka
endavwmen! was done by (aking average of
of 19 distriets In 1he state, Thoogh the resulk on
tipd been found (o be paradoxieal, it was useful in
process of assessing the extstence of associatlon beiween ra imfail and
hodological altermalive of naming ceological status of distriets. In

LTI |

6 | MU m:ujmﬁm[f%l

i i i} il (T

o S e T ) T :J’
(i} [T ] I i *.ri 1[
REUTA e | © il T
T 1] ] ] | 'ﬂ

Tizhle 2:Contngency for Rainfalf
and FOP; Observed Frequeney

named as Low FCP, Moderaile FCP,
high FCP and Very High FCP ranges.

Based on these categortes ef rain-
fall and forest cover proporiom ranges,
ihe number of disiricis that fall onder
each category were counted and ar-
ranged inie a four-hy-four eonringency
table. This 1s:shown in Table 2. After-
wards, Kolmogerowv-Smirnoy two in-
dependedl samiples fest was applicd
on this contingency table.

This test statstic is used to assess
the presence of signaficam associaticn
between rainfail and fores| cover pro-
portion in the districts. In othet Words,
the presemce of ecological inferacton/
associalion between reinfall and forest
cover is  analyzed. To  apply
Kolmogorov-Smimoy ' rwo indepen-
dent samples test, cumulative and peta-
tive cumulative frequency distribution
for cach sample vbservaions s derer-
maned using sarne intervals of both
distributions. For each amlerval, one
step lunction from the other 1 sub-
fracted. The test focuses on the larges)
of these observed deviations. Let S (X}
be the observed ielative cumul:ra'n\'r
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Table 6: Kolmegorov-Simirnav Tho
fndependens Sompley Teve Stacdsrie
Progedires il ity Rexlt

ciation between roinfall and  forey)
cover proportion al distren level,
Therefore, FCP is independent of rain-
fall amount. In other words, rainfll
catepary in which o districl exists is
independent of s comvesponding fores
cover calegory. For esample, district
with low faresi cover proportion dogs
nof mean that the district has also low
raifall amount

Sample sizes of Ranfall and Forest
Cover Proportion arc 19 each respec-
tively, They are denoled by m and n.
Thus, the maximum difference, D 15

0,0526.
The tetl stahstic:
mX.n}CD_J = 1§X19XD.0526 = 18.99

Critical value form=19%nd n = 19
at 5 per ceni level of significance is
181, As observed value of 18.99 is Jess
than the eritical valug of 171, the null
hypothesis that there i no associalion
benween ramnfall and farest cover pro-
porticn af district Jevel 1s accepled.

Discussion

The ranges on rainfall and forest

cover proportion wers obtaited Using
their respective mean and standard de-
vistions (S0} as mean - 180, mean +
18D, mear + 25D, and mean + 35D
These ranges were found afier both
dola had been found out to have sif-
nificant grodness-of-fit wih normmal
distribution  using  kelmogorov-
Smirnov one Sample tes1, This pives
conceptual strergth 10 the procedure
followed so far. The calegorics were
named as low, moderate, high and very
rainfall and FCP districts, The calego-
rization on RF and FCP values was fi-
nally amanged in a four-by-four con-
nngency Wble.

The result of Kolmogorov-Smimoy
rwo-independent samples 1est showed
that thers was no significant associa-
tion between rainfall and forest eaver
propertion in the districts, In other
words, there was no enough evidence
to conclude that there was significanl

ecological association between rainfall
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and forest cover proportion af district
level,

This result 5 contrary (6 aprion 45
sumption than there s 5lgni{inml HEED-
clation between rainfall pmoin omd
forest covet proporion in the districls
The reason lick on the absence of ad-
£Quarc nafural forest in the Sie. An-
other reason s the agprepaiion of data
ol districl Jevel. Both rainfell arnoam
and FCF values oy villoge levels could
Live o better resull. Additiona? Hetar is
the aggregation i amounl of raiffil
daw, Seventy years nverage annupl
rainfill data for each district is taken
for the study. Season wise amount of
mainfall, rather than anpnual, could be
paod indicstor.

It wias found gut that twelve out of
nincteen districts concenfrated in botl
low rainfall and low FCP calegory

{(Table 2). This was because majority of

the districts had RF and FCP below the
mean of 1230 mm and 20.3 per cenl
respectively, These 12 districts amoun|
fo 63 per cenl of the distnets in the
State, This gives lotal ama of
13,243,500 ha which ameunts to 68
per cent of the geographical area in the
Stale,

Conclusion

The wholé scensrio of (his smdy
does not provide stong evidence for
the assocution  hetween  rainfall
amount and fores! cover proportion
However, new nomenclature has been
introduced to explain the ecological
status using ordinal scale of measure-
ment a5 low, moderate, high and very
hugh roinfall and forest cover propor-
tion districts. Accordingly, 63 per cent
of the districis (12 cut of 19) have both
low rainfall and low forest cover pro=
portion e below -average n
Kamataka State, This amounis to 68
per ceni of the geographical arca in the
Stale.

Thus, one can conclude that dis-
trict-wise rainfall data does not help in
eapliining  the miicroenyirenment.
Such type of data are misleading and
highly contradicting the pssumption of
strong association between rainfidl and
forest cover proportion unless this type
ol sssumplion 15 resirigied to microen-
vitonment, not to district level,
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executed carchilly i cach ul‘n‘h# lnil
sequences acearding tn i;- capalsility
etaly 1090).

Thus in order (o raisc A agneul
wral productivity uflhu: walprled, @
prosect, canserye and improve the
pamral Hsﬂltlﬂ'p. infensification ol
qﬂ:uimrn;, 1o minimize soil crosion
and 1o reduce the effect ol ||.~dim=l'll!-

tian and ather diffexent purpoies, iden-

ﬁnauflhzcmlundwﬂ'“
?ﬂ,ﬂ problowms and solusiods acegrd-
are very indispensable,
lhm]"lll.:l'vl'uu piresent shudy is therefone, de-
signed 1o addresy the deteriorution of

raniral resources of the watershed, aod

canses of the pmhlcml Furthenmore
to Suggest strategies o manage walct-
shed and there b,',' oy imrense ugncul-
wral production, increase forest prod-
acl and fAood control and sedimemin-
tion in the wotershed,

Mathods And Proceduras Of

The Study

Semi siructured in depth interview
cosbined with observation and re-
peated tertion were empleyed o se-
cure information such as problems of
agricultaral pm&mhnn. livestock and
woad resources, causes af low yield,
mdigenous knowledie of soil manage-
ment, knowledge of 201l erosion,
causes of sail erosion, <ropping ealon-
dar, vailable area for producnon, land
lenure, land fragmentation, setbemet
pattern, population density, population
number, sgricullural  practics, | live-
atock mmansgemeni etc, sl other dil-
fecenl informanon which has come
from the in depth ialervicw and obser-
vation. The interviewees comprised ofl
e eruss section of socicty, including
furmer lcaders, woman farmers, poat
farmers, rich farmers, ioovalve
farmers and extension sgents

Oroup interviews (610 penple)
wus alse beld will communlty to
gather information such as lund hodd.
ings, past land wse history, and local
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i
?ﬁmm Thie di
kil ﬂ-!pli!lﬂﬂll ﬂl }’
phiysical, blnln,giﬂ:l £
radation based on Iﬂ”

I is located. abour 483 hmmuih ol
Addis Ababa and about ?‘hn NNW of

Zane, Sul.ll& Nulmn anmnlll
People Stale. The calchment embodics
about I § peasant associations, which is
the Jocal leyvel organization of jhm
The arca of the catchment i about 25
D00 ha,

H,vdmlugy

Like wise any nvet in the Rift WF—
ley, Hare tiver is m_l_t,mll.c.d in the
south wesiern highlanﬁ.a af Ethiapis,
near Lanta area ond flows in NW-SE
direction, and ends in the luke Aboaye.
The Hare niver calchment is bounded
in Ak north by Surrn ridge (a divide 10
Damee  Fiver), io the cust by Zede
ridge (a divide to Basso River), in the
west by Woze ridge {a divide to Kulfo
Riverjand in the south by Lake  Abays .
The nver Hare WW-SE extent is 32km.
The cotchumen! muximurn wadth s
ahout (10 kam, covering an arcs of
25,000 lu,

The two most impuorkant eributaries
uf the Harc River, which found in the
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Fig 1, Mﬂu lllnn af Hl-rl W‘mr&hﬂ
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Erowing of roes,
Agrgforestery techniques may be
emiployed,
The followlag are options 1o be
presenied:
Crop rotatfon:= s a sysiom of growing
diflerent cTops one aficr another on the
gome piece of land. Crop rotation has
significans benefits (o reduce erosion
by covering, increase the organic ma-
ter of the sou and most importastly,
increascs nutrient the subsequent in-
crement of Nitrogen ixanon. The pro-
ducnvity of the soil wall rnse.

It s implemented in  farmiand
lower in slope is below=<13%:. The
iop rotation my follows as in the 1*
year cereal wheat) and in the next year
leguminous plants (barely peas and
benns

In order Lo apply, select five nctive,
vojunteer fhnneis, preferably  who,
used to prictice crop rolation Frain
and if possible arrange four Lo places
{lixe Kunso) wheve crop roftation prac-
tices is trudition. After implémenting,
immediale supervision 8 need.  In
evaluarion colleet the data before prac

waler 5(1) Sepr 2001

tice and the crap afer the newly crop
data, AL the end display 19 all peoplie
cxplain (0 them and o held discussion,
Mulelilng z- is practice to leave crop
residues on field ond mix with seil dur-
g ploughing. It is imporant as »
tover (hese (o protect soil erosion and
in protecting the surface runoff. More
Smportantly, it adds the organic marer
of the soil and upper walershed the soil
nutricms and stability the soil sinee-
nre, The applicatian is similar to crop
rotation.

Conlour sirip cropping: In arcaa
where lerrace is nol practiced and
slope 15 divided into different smnll
segmenis. The slope mnpe 5.15% and
width 15% Application,

H. Land Manspement Practices

using Tand Yayout and soil manage-
ment These practices are wsed in addi-
tion to plant manngement, They may
reduce crosion effectively, It includes
conlowr tillage, conlour strip cropping,
modnkmnam Lillage, Tand layoul

B. Structural Practices: using
small structural works.  Such as fer-

race, banks, gully filling contour ter-

.mel.. lmpnd based mﬂm qﬂ nar-
rw-h-.'apd Iﬁbﬂ!ﬂ:l. CORDNE msm
Flmm (e

The majar eompanents of the stral-
epics other than the Flthgenfml.*
ment, it ineludes among others:

Comstryetion of an dam . the
lowey w:t:rlbnd

Provision of undergreund conv
mnrhﬂm Ml;rtumfmm
field

Land capability for effective use of
irrigation water _ |

Peovision af improved seed and
waier AN

Cansirrction of village socicty in
the walershed.

1L Effectivencss OF Plan

i the lomg term plan and sciivitiss
fof the sustnimable jand managemenl,
solutions need fo be looked for ihie fac-
tore other than (natural Inansgement
of land '_I in saif degradation.

These faciors are  population
growth, povernment policy people
dwareness and the like.

Populatiar Gravwh,

The watershed population growth
i5 very haph which is as the case of the
whole country. The solutions are the
intrease usage of family planning
method, make access of contrcep-
tives, and cresting awurcness of the
people on the benefits of the family
planning.

Government Policy

Inorder o secure the land property
night, the farmers 1o decide by them-
selyves, Morcover, there showld be elenr
guidelime policy on the forest and man-
ngement of gruzing land

Prople Arwareness

Some farmers don nel give atten:
tion for the problems which arise
mainly due to low swarenees ahout the
nanirl resources deternioration  and
management. Thus the need to rise the
awareness in this regard via educarion
ared making to paricipate in planning.







puplication of Hydrogeological
Investigations: The Case of Borena Zone

Achrrie Bekody, Adidic Ababo UNICEF PO.JOX T16%

Abstrack

The Zﬁn:::h Httr-rﬂnplrl_mtr]'l-. NS snd baternasbonal organlzations conduct boih hydrogeoingical and geopliysi-
cal !uuwtl;-in ; zﬂm ore deiliing, in ocder to mboindes the Sailure rate. In addiiion to the above, 'I'I'-:-Eiﬁlnp'iun 1nsiligte
o1 Gmmi cil Survey has conducted guiens(ve hydropeological, englocering geological, geophysieal and geologieal
Inveatigation fu the lowland ares of the Borons zone, bot there Is nelher groper manugement nor dissemination of the
fhadings a0d Well data, This has resulied in o duptication of ¢fforts, sustage of money 3nd consequently, imiicd water

resource develapment in the zone.

; lg:mm ok iy otie of the twelse zonak sdministrations of @romiya Reglonal Stote and loested in the southern tip
r country, Yopographicully, the same Is etussifed as Mighland and lowhand: The low land arcs consist 62.5% total
and ares of the zone and characterized by semi-arld and avid climate and inhabited by pastorals, agro-pastorslist

and farmers. Basement comples, Tertiary Yoleanie aod recent sedimeni (alavlol wad ellwvial) covers the 4

rea. Pands,

traditivnal dug wells and borc wells are the souree of wator both for demestic and livestock use. Recurrent droughts in
the area dry most ponds und trudicions! dug webls; leaving bore wells as ihe only possible scurce (0 overcome the log-
iero waler supply problem. However the Mmibied number of wells in ihe ares haso®t yai sellsfy the aced, so govern-

miEnt, RGOS and internations) ergantzation like UNLCEF,
s il [uture waler supply prob¥ems (o (e ares. Hord rocks (bascment and ¥
in which groundwaier peenrrence is confrolied along fractured apd weal hered Zones.

Ginancially assisi the drilling of pew wells 1o salve bolh the

olennic) dominare the lowland ares
The geology and climatic condi-

tinn of the area Fequires the systemotie lagation of well sites in the ares before drilling.

1 Background

Barens zone 1 one of lhe l?..a-ﬂl'l:lj
adnmmisiratons of Oromiys Regiomsl
Siate and locoted in the southern tp of
the country beiween 3°36°-6"38" morth
lansudde and 36%43'41%40 cast bongi-
wife. It has am international boundary
with he Hepublic of Kenya in the
south, regional boundary with Souih
Ethiopia Peoples Regional State m the
west and nonb west and Somalia re-
giond]l stsle in the Eas! and zonal
boundary with Bale zone in the nnrth
cast (fagh).

Topagraphically the zone tan be
classified as hiphlands having an alei-
ude zhove 1500m ams] apd Jow.
iands having an altitude below §500m
ams ] 62.5% ol the wial fand area of
the zone 15 categonzed as lowland sl
scrmi-and and asd climale and mmhab-
ited by pastoralist, agro-pastoralist and
farmers Ponds, oaditional dug wells
andd bore wells are the source of wiler
in the fowland area of the Zonc,

The peology of the zone can be
classificd as, basemen! complex, Jums-
gi¢ T Crelaccuus IArDE ScCessinns,
Tertiasy valcanic and recent sediments
(elivvial and alluvial), basement com-
plex is the dominant sock il in the

woter 5{1) S2pt 2001

bowland wrea af Uie zone. o hard roek
(hasecmient, limestone and volcanic),
the movemeomt ond  occurrence  of
groundwaler can be sipnilicantly af-
fected by foaciures, Inciease i the
maimiber of interconnecicd fracthires in
given volume inerease the copoacity of
ithe rock to store and transrm the
proundwater, Therelore, if fraciurces
are mapped pnd correlated with aess
of high groundwater potential, well
site selection can be mproved.

Boreno 2one iy one of the diought
pronc areis in Ethiopia. Pomds and dug
wells dred-up frequently in the low-
land area  because of  recurrenl
droughis, Drilling of shallow wells by
govemment, NGOs and intcrnational
organizations is the proposed solution
to overcome witer supply pr oblem in
the: ares. Hydingeological and geo-
physicak assessments are condicted be-
fore dnlling work, to minunize the
fuilre rate. The Exhiopian nstinite of
Geological Suvey cundocied esien-
sive hydrogeological, cogineering geo-
logical, geophysical and geological in-
vestigatinn in the Jowland area of the
zone, bul nunagement and disscming-
tinn ol \he finding and well dota is
Jacking. This has resulted in @ duphca-
tion of effons, wasmge of money and,

cansequently, limited waler resource
development in the zome.
2 .Ohjective

The objective of this short paper is
s  hishlight the duplication of
hydrogeological assessment m the
Jowland area of Borems zone by differ-
ent organizations as a result of inad-
equate datn dissemination and man-
agement problems.

3. Methadology

The following methods #re used for
collecting inforrmation:

. Reviewing hydrogeotogical and
geophysical assessments alrcady con-
ducted in the prea and their finding.

. Discussions with hydrogeologist
at the zonal water department #od
various MGOs engaged in water devel-
opment (0 the zong, and informaton
they have regucing the previous as-
sessments and the method they wse
during the agsessment work.

4. Discussion

Living in the infonmation @, in-
formation technology such as Internet,
satellite receiver's cie, play a key tole
in our daily lifc by tensferneg mied-

A o, Geological and
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'GIS Supported Water Balance Modeling:
A Case Study

Dr-ing Abdalkarim Hissen AAL
Abstract

Khe i : e ‘"'p"-d'u:dhﬂ W application of G1S for hydrologie modeling of catchmeni water balange. e
model bs o Ghl'?:.-eb!lfd grid-cell mudel. 10 reads apg glves outpul in IDRISI - GIS formal, \
d:hl‘lit::l.:ll e :':‘ ';""'1‘*1!"1 AR A system af stream reaches and Intercomnected overlaned Ouw unlts (IOFU). These are
L :‘i el fe eommon uutlet 10 a stream reach, This way It Is possible to model any pari of a catehment by
specilylog the losatlon of the guuging station thay s golng w be used for eslitiratfon. Wil grid eclls sub-divided into
3 fo 4 conceplual viores, e cotice eatchiment ks 1 én represenied by system of stores hetween which Aux of moisture
iy _Thue stores laclude the interception stores of the vegetation canopy, the overland flow siore, and he soi)
stores. Flux of moisture could be elther throoghfall below b yegetation, surface runoff, vertical, Lteral matrix flow or
deep percalotion. My drologie proeesses Wave heen mod eled ushng (he ennceptual approach wiers the magnitade of soy
process al any toaoe depends up on store contents. Thus, ull the stores of a single [OFU make up a system of simulta-
nedls ordinacy differeatish cquations. These Differential Equations are then solved for sl rainfall evenis during (he

shmulmion periad,

Thie model Jas hewn tested on o colchment jo Ethiegia The eatehment is one of the six nation-wide extablished siles
under the Soll Conservation Research Pro Jeet. It has been established for the purpese of studying different erosisn
protection measures under e Yocal conditions.

The paper discusses the opportunitics sffered by G15 for distributed modcling of catchment bydrology, However,
the science of madeling is conframted with new challenges, particulsrly with regard 1o moilel calibration and verifica-
ton. The paper Gnally palots out somie of these challenges and recomnends that more work ls nesded 1o the futire

1 Intreduction

The sk of detennining fver flows
bused on rminfall, evaporuton and
other watershed variables, ocoupies o
central place in the technology of ap-
phed hydrology. The need arises pog
only m Mood forccasting exercises bug
alsa i problems associated with the
prediction of cfftcls on stream Mow of
proposed works, or land use manage-
menl praguces. The problem has been
studied from quite dilferent sngles in
classical hydrology, With the advent of
modermn computational facitines, bowe-
cwvor, models have become commion
tools for sobving such problems. The
past Alpee decades have wymessed a
mapd growth m models. The models
exhibit varying degrecs of complexity
depending vpon facitrs such as in-
tended purpose of model, data need,
ate. The need o address the spaiiak
variability of walershed characieristics
has fed to the development of diswib-
uied models. The develnpmens of dis-
mbuted models hss been facilitated Ly
the introduction of Geopraphic Inlor-
maton  System, which greatly en-
hanved the acguisidon ancd masige-
ment  of  geographically relerenced
daia
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The present paper is primarily con-
cerned with presenting an example of
the rew opportuitics (and alse chal-
lenges) offered by recent developments
in the acquisiton, and e et of
geographically referenced data in hy-
drologic modeling of watersheds, A
case i presented where @ GIS-based
moddcl s developed and tested in o spall
experimental caichmen! in Eluopia.

The test carchment, known as the
Auguchew catchment, lies in the Easi-
=t HMighlands, some 20 km ecast of
Asebe Teller in a locality known as
Thunde Laflo, This caichment is one of
the six that have been established by
the Bnil Conscivarnion Research Project
in Ethiopia. It i5 currently operated by
the Oromiya Regional Swate, It is 2.4
5q. Km in arex and has o good climaiic
and other relevanmt doobase,

2.The Modeling approach

2.1Genaral

The model has wo Bagic compo-
nents, the catchrnent geometry module
and the hydrologic process functions,
which simulair compunents of the hy-
drologie cycle on a small watershed
level The catchment geometry module
makes use of exteusive use of GIS 10 éx-
tracy the dromage network and other fea-

sures that greatly facifioie the simulation
of the calchrment bydrolopic proccsses.
Both companents of tee model are de-
scribed in the subscquent sections.

2.2 Walershed Representation in
the Muodet

The river catchment, which is the
hydrological wmil under consideration.
always cxhibils wide variations within
isell. Broadly speaking it containg soils
with different hydrological properies,
lond use patiems thal vary spatiably and
temporally, a unique topugraphy and
gentogy, and o drinage nevwork that 1s
highly dymamic in s momphology. All
these iufluence the hydialopy of the
calclmenl (o a grealer degrec.,

The pariition of the minfall re-
ceved in the cawchmem into infilua-
ion excess ond soil moisture largely
depends upon soil ype, land use Type
und 1o o lesser exient ou the ground
clope, The movement of soil moisture
latermlly towards the stream network or
deep into the ground waier resgrve de-
pends upoen the stiahcanon of the sail
formation, the underlying geology and
lo some extent upua the slope of the
yround surface, The excess rainfall
sconer or Jater Nows o well-defined
channels and then tw the catchment

™




outlel. The velacity al Mow aml hence
the travel fime thereby alin he shape
of the hydeograph al the outler pre
products af mmore of less abl (e above
entioned catchnenl properties,

In the past catchmient hydiology
Tk been modeted with e carelimen!
fargely meated v @ fugmepeel - it
flonee, i sl models, e spatial
vanalility of hydrologie praceises van
ol be vepeoduee. It i clea that i
such models beeayse of the lmping
ihere 13 Yess povwet ol predienon (G
thesmore, thoy are of luile uic fer
squedyings, for exaniple. iniMucice of dil-
fierent land use pasnagermenl Praciices
an thie, say; sream Do Tkom e sl
ey, @

With e wivent of the e
compuiational facklines theee has e o
wiah 11 the power of handling spalial
data e fMickeraly. Geogrophic  Informoa-
(an Sysiem {G15) - softwate ang be-

coming incdispensable a0 (he hydro-
Jogical snatysts and synihesis. This
Has rm\-gﬂ the way far :iijmhu[tri J",I"
drofogical, mudels, which nooRgniee
the spatial vaviation of cafchment dat
With stech models (ne spatal variahil-
iy, of say for example soil types in e
catchment, could he jepresented by
spatially distribufed paramcters

fn the preseat model, the cpteh-
mewy topopraphy 5 represenied by the
dipsial elevation maded ({DEM) where
the entire area s divided into equibly
sized squase cells. These grd cells ale
Alse known as raster elements. Both
teyne cho il he used here, The DEM ha=
been established from the catehment
iopagraphic (Contoury map. These ros-
les elerhents are 1hen comsidered as the
smalles)  hompgeneons. unp of  the
catchmernt with regard 10 glope, land
use and soil tvpe  Likewisc the soil and
and vsefeover maps aie digivced o
mate distibmed inputs o csail and
vepelal cover

With the help of 0 pre-processar
colfpaler PIETRT whie culehmenl
$EM & analyzed and fMow dicechiun is
determined in eech grid cell. The pyo-
prom uges the RE slgorithm, Marts
[rass), and a smele Dow, direcsion is
axsitmed, [n this propoo the over lind
e 55 assuemes! (o follow il :T‘I|JIII|||
'-HI".-.H.'I' ;]La;]g‘_ -.'.']|||_~,|_' direc CALE 4% Gl
li1.||'|l'u'|1.'|! campated fram ihe DEM

The outcome of this analyveis mmakes

11}

e basis (e Rirttier chassilication al the
raater clerments thae ke up the entch
ment. Gach vaster clepent then fian o
Follower ¢lemen! it shieh e wllmrrn.l. i
ilie presenl case towarda P e lope
{5 the soepes), and e number ol wll
paster ¢lepcnits shal drain derands Bt e,
Tia Aul-cajchoend Bre

The rester elemente j1£ ihen elngn .
Mied, bused o fome criteriin, i e -
phose ot make np AEEEany sejimberiis
il thase thal are el y ovietland Tow
eloments, Here il is very ipmgeria ot e
dircuss ths (e licarion ol Ly :J:u!.l‘u-
Chverland Mow iy piwcecd a8
shiecl Maw nr os il 1 oy r\ndclrsnn
(1950} Hence il & i cell s glass] i
a5 an overtand Mo clemuent then the
infltrapion cxcess [eaved ke edement
in ilee foren of 2ither shear o obll 110w
11 o ihe ol hand 8 12SE elersng 14
glassified ae = Slyeam segment Lthep i1
myears  that s element canknms &
chomneh reach whase imensiany des
penel upon  several Facrors  arnGng
which soil type, slope and ragnifadeE

caliam

of Mo file are niajos oncs

Whiclher a ecll is (o be theated as on
overland Mow element ot nal 5 0l of
piirely acadeniie njeres| The twa (Now
conditions are quite dilTerent, Channel
flaw pecier i sirea sepmes o nel the
hyitruuhics of cyver fand fMpw and chan-
nel Mow is basically diffGee pr, The ba-
sic difference siene from the dilferemes
in the peometry aT <cetion hal pcgoms
modates the fdow. Owerland Now is
pemerally asspeinted wiih linde deten-
(jan stormge, which s not ihe case Tor
channel Haw

Cne impartang alem in s ¢ lassifi
canon 35 the coiferon wsed. I the sec-
tional geomerry of flow is 1o be used ns
fhite hasis [0y classificatiom then amoung
of fMlow thafa roster clement receiyves is
ane of the most important fostors 1o be
considercd, 17 all ol fmclors remsun
gone then ihe lofal ared ehal drmps
inid  the rusier clement o gueesion
could be weed as o crienon, However,
ollies Bithrs dlea come inte ploy such
px the vepeiwtion, slope and type of ioi)
of the aren draining into the sasier cle-
mend FPor example;, for two dofferent
yaster elements with same pumhber of
elements doaaiing ot ihem the ane
with pengrally slecper ‘dropmage arch
receives gquicker concizntratiun ol Now
henee -greater peak Dow than ihe othes,

of| wiher facrars retrainiag same for

hoth elemenls. _ L -
1 the prescon version of e inadel,
draipajze aica iy used

awitude of the - wiTa
ilsie an o classilyinge ele

4 & salc eriten RNy
:In‘-l"ll.! o overland Uﬂ"f" sed chaninel
wegrmznvs, (8 shall be rcﬂ_mld_h! the Fu-
wiie thepugth rescarch i this dircetion,
Uawever, for the present wark a cam-
parisun s madc with the dranags
siruceure independenily compiled from
e supplicd lopographic mape ad the
o conlomn quiie well.  Figuos 2.4
shous ol drainage networks. 16 s
figure the contrmtns wec-like network
corrcspanls i e drsinsge aruciure
an ghe 1010 O00zcale tapopraphic map
whereas all oiher filled cells make the
drminrge netwoik Edtm_l'_ﬂﬂ_i baxed on
the criterion [of streafm reaches. i the
presenl €ase a deainage area o 25 celly
of meie o wsed (@ defing stream sep.
sty i, if a cell fras a snb-Calihmen)
e of 25 or mare ccils ten ot is clas.
sificed a8 sircAm elcment i COAMAST o

ather overland-low cloments,

Fipg 2§ Drainggs nepworky. from
rapographic mags and thiose
idemigfied in e amalysis of rhe DEM

It is imporant e gote that he
threshkold nuwmber of cells ased for de-
lineation of channel segments adfecis
mastly the ehmee of dhe frst cell wl
which the channel pepwork is sssuined
o start. Hence, fod greaier threshold
value the chanpel nerwork obtained be-
comes smafler and  shrinks in the
downsream direction, wihale the fe.
verse 15 trie as the threshiohd value de-
ereEyed

2.4 Foserconneciod Overfand Flowx
Elmits

In simulniing the hydrologic water
balance of & watcrshied with meaer dats
one of the advantages gaimed 1. the de-
gree of lineness ab which hydreologic
componenl paocesses such as inhlirs.
fion and overdand low are modeled
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; i overtamt Mow for exsmple, (or
41 faster elements, except those of the
--&!fﬂ*@‘ houndary, each element re-
cotves Dlow from i upstieamn neigh-
e Pow cauld be dn the fomm of
averland Bhow or channe! Row, iy ilii=
i to the Thow generated oo the ele-
e Maelf, Mlenes for rouking both
{]'ﬂ!‘fl‘ﬂ-ﬁﬁl and ﬂ:hﬂn"e‘. Nows e l\b"
deaubie taereonnceion of cefls has fo
e conslitered, This calls for the identis
fication of path (ollowed by the water
i awing fiom the remaotost cells o
the catchiment aulbel Foo fhis the ooi-
pet af e pre-processor program has
heen analyzed ond further feamres of
the dratnage network extmetcd ns -
hinedd bebow,
After classificotion of cells mio
ovarlend Tlow and channel clements
has beon done then the elements that
drain il @ =hcam segmenl  ace
grouped in Aum into severl smallcr
praups, colled mterconnecicd overland
flow Lgrils, i shon 1OFL), Each 1051
is then made up of all overland Tow
elemenis that have ope ComMUTIOn ol-
law point ipto o siicam reach. The
concepl is iMustraled @3 ko Agure Xz
o fgure 2.3

P //\’ -
LTS Pt L m
= 4w
= 1 1.
= S
bune i |

i il ¥ Perbited § e | i WO
Fivure 2.2 A section of the calchnene
showing the refatfionship between
FoF Uy ard channel nemwork

kn effect, an IOFL can be taken us a
parch of land (hilislope) we drains
wito the chanael nerwork through its
mrah downstream: element. Thas way
the hetciogeucity ol ihe catchment in
terma af s0il type, laml use/cover, io-
popraphy, cic s addressed while the
]‘}-(;;nuh.; conmeciivily 15 rmaatmined

2.4 Hydrologic Froceax Functions

A mentioned  cariier the funda-
maentad buifdme blocks of the waler
shed water batance model are the com-
poneot madels that are psed 1o sim-
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iate the hydrologie processes. In the
sivtulation o waier balance of he
<atehmenl, she relevant hydrologic
processes 1o be considercd inelude
rainfall space-time varisbility, cvapo-
tanspiration, inlereeption. infiluanon
including deep perealstion, soil mois-
e slorape, overfand (Mow, and chai-
oel flaw,

These are comporcms of the hy-
dialnple eyele which describe dlic pro-
cess of diswibution, movement and
stopnpe of maisture in the earghmeni.
The detall 01 which these procgsics are
epresented 1n gatchinent mndels de-
pends on several foclors, among whach
imended purpose of model, availabilit
of dais for calibratian and later appli-
catign of model, means af camputa-
tion, elc., aTc majer Ones.

Coteliment propentics such as soil
type, land uselcaves, eic., greatly i -
ence 1he hydrolpgic proccsses men-
niened obove, For inslance, evapo-
transpiration ¢ 3 funciion of the bype
and stge of developmient of the vep-
elalipn cover, apart (rom the clinatic
variables, Sumilarly infilmtion  des
frends an soil fOftration properties, veg-
ewntion type, initial moistsre content,
ete. Hence, spatial hetcrogeneily of the
catehment in ferns of its physiogphy
means helerogeasiy of paramelers de-
scribing the process models.

“To hondke such belerogeneity in the
present mode] process funetions are al-
lowed |0 take parameters that depend
on the catchmem propertics al the
gnd-cell level. This does npol mean,
howevaer, that the number of param-
eters 1o be used in e modeal is same as
{or preéater than) the sumber of g.rid
cells used (o represent the corcliment
arca.

For instance, the infilrouon Rinc-
tion wsed has two parammerers, namely
he wmaxinusm initial
and the fnal conswant rate Both are
mainly functions of the soil type and 10
some exieni the land usefcaver type.

infiltration  rale

L
A s LU drmmmcain o LW e

b tl s o
RN P P

7

Outhy, ol iy JEUINLL _——

evmple of ICIFLs and
e redadien wirh ehannel clenyens

Figgin= 2.3 tnl

Hence, once Hicse parmmeicrs afe ci-
tatlished for the differemt combinn-
{ions of soil type and land usefcaver,
the parameiers need ol be redefined
for cach gnid cell. Ir is imponant 1o
note, thougls, that (s fs an ared of ex-
tensive rescarch needs and morc and
more relinement of parameter values 1s
cxpeeted i the fuiurs,
Lpmarinipl i ke NPT

s et ) 2

Sl swngy
FH—-.—

-

Fignre 24 Concepiual storages al
Hhe grideeedi fevel

At the grid-ceil lcvel the "“"d".i rec-
agnizes the syFlemal hand as a series of
imeraciing  concepiual Sormges. These
slorapes feinin SOMNE MELSIUrE bt :rﬂr._-r
a cerlain Ahreshold stoiags tevel 18
reached they mlso release part of lhm_-
contenl inmo, the nexf Storaps (hydmuoh-
cally speaking} i finc. The f-:wnbcf afl
stornpes available [or each gr:d_-.:eli isal
the mamenl three, namely the inlereep-
gion storage, the overland ffow {surfice}
storapge, and the soil slom@ge, figure 2.4,
Thus the process fupctions Gperaie on
these siorages. Conlinuify equation is
applied for each siorge (o updale the
siofe condents. These, in fum, ars uged
to compute values of the didffercn. pro-
cess function, such as inleTCeprinn, in-
(Rl irmaon, eic,

A summary of the main processes
and the component moadels uscd are
presenied in Tahte 2.1, It 13 noé pos-
sible give a detailed deseniption of each
and the reader ia advised to look for
delzilsin the ciled relerences.

Other processes such as decy pei-
colation and lateral Mux of moisturc
through the soil matnx have boen ap-
proximaled using the ncthod by Hear
[ 1972}, Becouse the emphasis has been
on surface nenoff and moreover the
calchment  Hus grawmd
wader flow the same has ol been con-

sidereil 1t shaid be included in the U
ture versions of the nwodel

insignficani

2.4.1Channel Routing
Channels join each ather and form
the drainape nenwvork, shaped
stiucture that copverges ai fhe catch

g lree
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gurface Water Harvesting and Ground
water Recharge with Implications to
Conjunctive Water Resource Managment

in Arid to Semi-Arid Enviroments

Kifle Waldearegay Aekelle Daiversity, PO.Box 231, Mekelle

Abstract

: Bitity of haviag an inlegrated
To pssess (he surlace water-groundwater relationships, and o dclerml;L !:Ifs f:’l;]e nnlJ‘rﬂll‘n:l Myl il
mieiliod of sueface and groundwaler resource developmients a study was condie Iz Peratal: mdidciiey e e
pifcrs-dans slies wich exlsting spriogs nnd water wells [of yaler supply were lg (- el it e
vator resouree potential of the aguifers before and after the consfrucilon of surfa e |
¢ quality before and after the construction of he structures is analyzed. Th F:d s A
risee reservoles hns recharged the groundwater sysiems, and this has ingr&as E
he groundyater dépletion.

pMost of the aguilers, which were characterized by paor quality water (or drinking (a5 2 .n:su:r dL:E:: c'l‘;:i;:
pissolved Sollds) are found to Improve their quality after the constraction of the surfaee w:n:;:r rescrvohl;s;acu ; =
he pssociated to groundwoler rED'I'EI'llS’"_Iwm. Since most of the aguifers in the northern Elhw[‘;la are cdw““ rrmdﬂnumﬂ
fessible ta apply the conjunciive (ntegrated) approach of surface an ig::;ﬂmmmuun 2=

] o5, bt 1s found
shallow 1yp ated method of Waler resource development will ielp nol only for opt

gronndy
snd thie groundwate
swater lenkage Fromm su
1er yield and reduced L

surface reservoeirs

welopoeent, The Integr
rater v for proper manigement ind planning of the waler resource.
unclive) use of surface and groundwater is predicted an
slorapge. Surface SIOTage in

swater resgurce, but also

The concepi of 1
impounding streani Mow,

FEServoirs behind a8
primarily for eyclic storage (0 cover years of subnormal precipitation.
ments #re advised to consolidate responsibilities for integrating surface W

e bnfegrated {eon)
which is then transferred al an aptimum rate to groandwater
ms supplles mest annual water requirements, while the groundwa
Countries in th
ater and proundwater and Bssig

1ecr storage can be retained
arid enviran-
n lo the

rens with equal attention to this

& arid 1o scmi-

same functional units in the plonoing, eperations and services, and regulatory a

principle of all levels of goyvernment.

KEY WORDS: Water harvesting, Groundwater recharge, Conjunctive

introduction

The northern pare of Ethiopia is
one of the dicught prone Tegions in the
county. At present the supply of drink-
g wwester fipr the major towns armid for
yura! arens in the Mekelle arca iz from
welis and springs. The rapid growibh of
popukation in bath the towns and rura]
arcas has tremendoonsly rajsed the wa-
1er demand of the area. However, the
exishing watcr supply is inadequaie
and manfficient (0 meet and Gl this

dynamic demanit for water. Morvover,
the pumbers of small, mediwn, and
mdiustries, which Fequins

lorge scale
Jarge amounts of waler supply have in-
creased in the Maekelle orco. Vo sovisfy
such woter demands, proper develop-
ment and managemen! of the waler re-
source Ias become increasingly smpor-

tant

wobor 5( 1) Sepl 2001

This study wos initiated 1o find af-
ternafive means of Svaler rEsSOuWrce
e Eement relaicd to the comjunchive
use of watcr resources (inicgrated
method of surface and groundwaler -
source) in the arid to semi-ard covi
ronments of Ethippis taking 2 model
site of the Mekelle area. The Mcekelle
area 15 selecied for this study because
of the Tfollowing rcasons:

1.The wea was siudied
g:uum]wamr FesuLce pur-ul'llia"l b}' e
Fthiopian Institute of Geplogical Sur-
veys (Kifle eLal. 1995). This siudy m-
cluded assessmcnt and evoluation of
springs, deep boreholes and hand-dug
wells, The quality of water from the
springs, deep boreholes and shallow
wells was determined and analyzed {or
it suifability for various purposes.

2. DifTerent types of surfnce water
hun't.'suru__[ structures, =uch as ugro-

for iis

swaier maragement, Mekelle.

dams, diversions, and other soil and
waler conservation activitics have been
done in the study ares, by differemi
governmensal and Aun-govermmental
orgamizations, in the last sin years,

3. In wddition 1o the previously ex-
isting daig on waler wetls and spangs,
new water wells and springs have Deen
developing in the last six years, in the
Mekelle arca

The main cbjective of ths study is
to assess the effect of surface walcr har-
vesting on proundwaicr recharge, and
1o evaluate the possibility of using an
method of surface and

integrated
TEstHUCe nanagement 10

eroumd waler
the Mekelle area.
Study Area
Lecaréon. The shuly area is located
berween 13%0'N and 14%0D'N latitedes,
and 39Y00'F nnd 40°KE longinides. It
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weme. Mancover, e evapatransy IRIen
poteniial of the study arce varies, wilh
altinde and tpcation, fiom BOGoumn!
year in the Mekelle area 1o 1300 mmn
weur jo the Yowlands ot Afar

Geomarphotogy and pegraphy

The sverape elevation of the Mekelle

area 1 aboul 2200 m above sea level
with @ range of 2000 - 2500m. The
eastem escarpment of the cilt valley =
characierized by rolling ‘hifls and
movntains: (with elevation range al
1400 - 2000 m shove sead leved) and
with - steep slopes adjoining fo the
plaing of the Aba'ala area.

General geology of the stndy arca.
Different 1ypes of racks and seils with
wvanable chamsctenstics represent (he
study arca. The following major soi
and vack rypes (From e aldest (o the
youmgest), characterize the study area:
Metamorphic rocks, Glacial Tallite,
Adigray Sundstonr, Antaly Limestone,
Agula Shale, Ambaridom Sandaionc,
latrusive eacks, Trap volcanacs, and
Alluvial soils,

The Metamorphic rocks mapped in
the swly #rca include sluies and
metvolcames, The slates are charac-
terized by gicon-gray to bhlack slaves
and phyllites, pactly graphinic uind well
iamunited. The meavolcanics are rep-
wegented by grecn 1o purple schasi con:

86

o 20% limestone beds, K =pEs
cither of the jointed hard ar solt pow-
ety shates. Some gypsum beds are
also noticed. The Ambaradom Sand-
stone is eharocienized by awo dnits,
The lower unit i5 represented by s
medium to coarse grained, ed clay and
sl inerbedded with white . pmk
sandstone . The upper pan coptains haf-
feceous mudswone. In most cases i is
assochated with stquence of clay beds
The Inmesive tacks (Dolerites and
Drinrites) are composed of intermedsae
ignegus oks and e represented by
high degree of fracturing af (e sui-
fuce, With depth these margrials tend
w0 redue in e degree of facmuning
aund hence theis prrmeability. The Trap
valganics are black olivine busats with
comse imergranular dexture. Numer=
ous Nows with well developed colum.
uar jointing and i some places with
interbeddded lncustring depodits ol 51-
livified limestone chagacterize these

- -i-....ll i:[.! -_"’i.'" : o e ':.-I!:
el woth the rext

Trap voleamcs. Alluvial sails in the

sudy aren are thosc souls thal dre pans-
ported by water. These are mosily

hydiogeological characierisies of the

arge and pa grnurdwater quatin
evalupting the possibility of using an
inteprated  method  aof surface  and
geaeralization of the atudy jesulis to
rake them wseful in othes study areas
with simiflar envumnsents, "
The hydrogesingica) cundition of
thre Mekellc ares was stdicd n the pe-
rind. February 1o March 1994 {Kife o

water S(1) Sept 2001
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& Soits (n e Study Area
Liifferent types oY rocks and soils
are idennfied ie (e study acea The

drich are rocklsadl types, morpholous-
ral expression of the rocksfsoits, und
geological stmictures i e sred.

depending on rock (ype and degsee of
feacturing, The alales have low degree
af Fractu lng and are classificd as rocks
with poor sgaifes chamcleristive, A
mare cases b slues hive oodemie

water 5(1) Sopr 2001

Agula Shala, Uheas rocks e rop:
resented by low purasily and Low per-
abitity, and arc classifiedd o8 qocks
; ; charucteristics, Duoe
i Khe e rng of thexe nocks at
shallow degth, they eontain shallow
grougdiater  providing mastly  low
‘yield This formasion i chancierized
by numibers af springs, which hasihe Wi
e vontocy of overlying Antilo Lime-
stone bode wilh Shinles.

Ambaradum Supndsones This univ
is churacterized by medimn 10 high

b Mekelle arce. Weils (deep und shal.
typed) were constricted bofors

low typed) W
1995 in differc

wrea for water supply. Table 1 shows

the st wales

Different

level and quality of
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Tabie 1. m :hnmruz the stalic water level u.-nt e

(Before and afier the construction of suface water fi Ing, ol Sl s
e al, 1995; Kifle 2000.). i 1 -
——v o ; = —ais
A Adi-gudor & =] - = | TR
gudom [T T § O = AT = B
= b Viog = LI
paiesn 53 ] ] > LE] LS
Awiile 51 (2] = (LT e
Agiita AR ST B TEl_ e = 5
ule 53— [ T vy, = 5
(=g =i (] — W (Y -
—_Heglik 53 e = =
Femg | Fcligwssmah || OO ) ¥ G|
wamn [ Fuieg sumo (13 I 20 Tio. T 7
warve A8 RE] _lasn i . L
ﬁh'ﬂ_- A Ta30 il F L
Abetads AR BEST ] [ i = [Fil
| Ahaals 5t (] = L T sEl )
Aba'ils 34 EX g e BLE w7

Tabie 2, ..!?nm Hu.l Wing the afb:hmgr. and quulin: of spring waler befaire arnd

h rteii supfiice warer fiasvexting struchices (Kifle et al, 19us; @
g??; Wp;ga";}r i ' * auif-rmsm sccpuge. Mﬁ%

water 501) 5{9{@
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petermination of Rainfall Cyclicity over
selected locations in Ethiopia

Epgricla Muoesha Aiilis Shelin BARO o foe F3,
Abzuact

I L -l o 5
ufnfull Is ane e cHmptfe pararmetery thi have grent Dinpardsnee ipopain-fod HpPTeulture. Howgver, W shews

.|||_'|ll'““|”r untk lrrspuine yarlnglsns oyver [HET T | spuce.
ELULEES agricutiueal Plamnbig, crop selegthung,
o W B eomtrlBute yit ety In lodp 1o

These warlatlums ply
afte Hlauks grinPuctdvity, The elciractertzatben of e syvlemuifc varia-
eI ggrlcntiur ) plonning uf even dn benyg pamge werther foreeasts,

sippliizand robe fir sdapting ferming

‘o crl.’lf GCIOT 2 (hese vl ians yl wisens e evelly puttesn, Ahc aonnos) rafntsil dela Toe clpht sedvs lod medsorg-
wghend SEEnGS Buve Deam grasilerod 4y Wls sty The pmaba pbfeeifve this papear 45 ge agsess swhisther there s eyelie
twemd B Che st id ralnball diseehatlon,

The result of the sty iy sHooupaping sJute there appeass la be u oyt lendeney i Al anpoz) rekafall data.
Hemes, e resulis coudu e ased In, Muiinbng npricwlfure Iefigotion inanipeniend, Wydrological dgeisTon muking, thng
UANEe wdTher furccading omd suoen. Further iare, 10 atylsable ta enatloee flre sipdy with (he dgselvpiaent of
datutemse und do B 1 athon ship whih rhic westher producing gmeeliantsm.

tntrodyction

RaimiaM s e of e climaljc Pil-
Farw s Hal hawp ¢lose b'i;‘."hl’l_l'lgs .
aprecufture PI. shows Systerminip yng
wreynlul VANANGNE ovey tme,  Thusy
caotio®s Pl Slenificane rgle ip
adapling faramnp S¥uleamis, ogriculiurg)
pramntng, crop selection and thys [
et ity Fhe  ghea mttEnzation of
11514 cyslermang wWUrens wal] son.
ikt r.ul_ml!} iR g terme agricy )
o) plantiing b gven i lomp rnge
wether fOresasts,

For this purpose long and winie-
puplest panfall dule senes are requised
to merprel the resols objectivily
Thep these duta series could be sub-
Gecked o statistical lechniysnes (Whao),
1966) e adentily significant cycles and
Pawr wmpliude  Mowaver, as in Ui
caze of this stady, such a datd scries s
avorlable anly 10 a Howted nowiber of

stuhions amd hepce the devailed stadisti-
cal gzl was nol applied,

The matn objectwe af this study s
1o assess whether there s sysiematic
rainfall purindiciay

Matorials snd Methods

The annteal rainiadl data for cighl
selected melcoralogival stfians with g
data we¢l of above 40 years were col-
lected, Takle 1 idiciles the deimle of
stations wsed in the daty ser. The
length of record it table | indieates Lhe
pumber of record yoars sitliow! rriss-

waler 5(1) Sept 2001

gt Ao, They cioves ML IhG mwmrie
zones EMIZ) and rinfll segimes
(RRY af the country Marcover, e g
mcar afnual rowfall of these suifons L

S
=" na;_l_':,IE_L'.r .11':3:53‘ h;:i
Tr t e uMo L0 3
J.-._,—'-_.—._,q-_- T i LR ST e N —
ST T N | R D
LTS S P, —.rrJ-}"_ A

e P, AT
vorics ﬁﬂﬂ_'l slable rainfoll bype o I’IL‘-L‘E Injﬁ:[ﬁj-ﬁ-:i”ﬁg‘li“#“:_ui -
MOrs ematic fype {Tiagids Msrshe, Lo ltelib g s LL o 32

1 9403

Fhe moistare anes classifeation is
Bised on e Siudics nuslc by Frgida
}"_T""lslm (-}”Dﬂ']. e canndry s sabidi-
vided fmo five-mmaia e OIS R Ty
Iﬂ.CIIS1 [-"f1-,". dr}' sub humic EUR.HIJ Serry
arid (F4 ) ard (A) and Typer arud (HAY
zongs, The delincaiing af the porafal
refine i5 based ap he clsoiffertions
made By the Matiopal Menorolopres]
Bervicas Aguney ¢1908). Accarding 1o
Weis  clagsification, fouw vainfall e
Slws are sdoeneiied an T cauniry,
These ase the mono-nmgat {51y, hun-
dal type 10716, himods Cypree 2 ()2l
and difTused (D) rainfall repimes. The
ronn-modal Giinfuld reginw iy ferie:
subdavided inrg md, m? and M3 de-
pending on e onser Jdate and the
length of the oy season AT lvasl one
lecumin is selected Rom vach imisture
zone wath the excepiion of hyper wind
Frgdsmare gone, md wp e Inoia-merdal

[ Gty '[CJ' T [z 13 e Tlrdh 7y |

TEerti I T

—
R
oL

i

o H e T T = H
T _-_:-'ml_= n- Mumiber of years of (He Foinfsl

- = aecord.

Yatle 2 Maleiy of eumber of sigoians
wseel in e doird sar

ravfatl repient and she diffused tain-
fab] rugimes, This is because of Tock of
sufficicni dats s 1 ropresent tham
lahte 2} The rainfafl dale incfode 2
I3 SETWS a5 1S oL aifed for clima-
tedprie st assesement by the warld dle-
teorotngics!  Organiearien (WAMO,
1943, 1981

From Bhe annual isinfall data serics
I3 for n geEed o ftew sefies (B ) was
comipaied as

Ry =(R-8,

frri=1 1o n years

WWhoee

RH-Naruu!i';:,cd ratndall diffyregce

R - Tot annual ramfal, mn for the i

:‘r"_'iil

K Mezn anogal rsnfall, mm amd
compuied ax R_= 7 (R}

Dy _ q A : sy Tt kb
i LTSNS VI T 0 T 1 the value of B, is t'_"’fm_" e,
Uietet Tt e [a0 D@l s ! then  the  ramial!  desbehution 15

Yostle | Dheradls of saetions ssed in the
dute sef

termed 25 below normal (2N} and the
reverse & true for gbove nonma! (AN
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N ollicy alfemative mea.
S0 o reduce thelr sedimeoation

1.2 Ssrmtegles foy Deallog with
Reservolr Sedimcaintlon

frecanse ol the many vanables iy,
colved W0 dEEervolr  sedimentation
bl (08, 1o single control MCASLITES
Em be suigested. The control men.
sures can ba grouped in ouain Ll po-
siea as: controd of watershed, cong ol of
fnflow sedunenl, contro) of deposition,
removil ofF Sedimeny e

: Posus and ac-
cepting sediment infNows,

The following feur ymain sk
are reeammended to reduce ge

on problem L Slumg\: reseTyoir
(Basson ang Reoscham, 1996),

1 *\'ltlillni‘z:_:tdlwm louds enter.
g the reservoir tiraupl:
*S0il  and  water

PrEra IO

"Upstream trapping of scdiment
{debnis dams ar vegetation SETeens).

"Bypassing of high scdiment foads
(oypass tuancl ar channel, ar ofr
streamn storage that allows fMaods 1o be
passed in the river) sl

1 Minimize dcoposiden in reser-
wOlrs through i

« sl E{Tad b]‘hli!.‘l.ﬂ_g: passing
cedipnent-Taden flows l.hu_:mg,h. the res-
crvaie by means of drowing downy the
walel level

* Veping depsity current,

3. Removal of accumulatcd sedi-
ment deposits through; .

*Flushing by drawing down the
water level (in many cases emptying
the reservoir), dunng floods or in the
AINY SCASO80.

ralopies
dimenta.

conservation

*Mechanical oxcavation or dredging

*Conventional bydroulic dredping

*Hydraubic dredging by  use
gravity. {(Transpon of
pipeline o by fiee
channels or tannels)

‘t. CO"IP{J!B:’I‘LI]E for TESCrvoer '\":\il-
FoeniEmarn,

of
sediment  in

sinface flow in

* Mainiain long-tenn storage capacity
ny ralsing the dam

* Abandon or decammission the silied
Fescrvoir and construct a new FCSETVOLS
* Imaport water from elsewhere

The technical, economic and cnvi-
ronmental feasibility of the above mey

wmater S{1) Sept 2001

surcs depends on the number of sige-
specific Moiors s discusscd befgw
"Avallability of | ul Ll

ot Suitable Botom aunley
*ﬂulhhlli.w afl

Nioring Surplus  water  foy
“Clinrtleristics r

Py Ol surplus water for

*Purpase of storape wnd vweater
*Topopruphics)
VOIr area
*Consequences of cantrol measures in-
teifering with reservni OpErniGn
*Characleristics of deposited material
*Environmienial impact, such as;

comicquences qf Mushing/dredping
sediment dispnsal

dermand
features of (he feser-

3. Incompatibility of Traditional
Cost-Banefit Analysis far

Sustainable Davelopment

Discounting is g
Proccduee used to co
fulure gosts and bengfis OCCLIMing o
Idiﬂ"el'clll RO in time, The longer
o the filure the gosls and benefig

eceur and the higher (he discount rage,
the lower are the present valpe af the
Soils and bengfils,

Reservairs are oft
lifettime of S0 or 100 years and their
design is usually influenced noi by the
durability of constnuction material, but
the traditional Cost-Bene fir analysis
and iis use of a disconnt raic Lo COMm-
pare all costs and benefits an o Present
value {PV) basis. Such pracedures dis-
courage additional construction casts,
for example, installation of sediment
Mushing facilitics =uch as large low-
level outlet thar may not be used for
soveral years, This appreach finplies
that ane aceepts large costs in the fu.
ture, either due fo decormnussioning,
TEsanstruciion of o lost waler storage
cupacity. This indicates that the tradi-
tional method of Cost-Benefit analysis
is not compatible with sustafnable de-
sign and operation of reservoirs,

time adjustmen|
mpare the value of

wen desipned for a

e discount factor for finding the
present value of costs and benefils oo
curring al a specified pofol of Hme n
the future |5 given by

& L4 = =
s

Frig 2: Diseount factor Sar finding the
irresemi value of fudirs cosgr and
benefits as a Suneton af Hime,
Discount rates aff &, 7. and 1685

do=( 1 4 r )"

d,  discounted fxclor

' discount rale

n the poim of time mito the fa-
ture when the eosis and benefits oceur

Custs related (0 sedimentation in
reservairs ofien eccur long time affer
construction. From Figure 2 i can be
seen how discouni ficiors are reduced
with time, For instance, 31 & discount
rafe of 0%, tic diseount factor sfler
50 years is only 0,009 This means that
less ihan | Birr can be invisted ar
Presemt to prolong the reservoir service
life and 1o avoid a cost of 100 Bur afier
50 years. Discounting involves dis-
criminntion of filure gencrations be-
Cawse projects with short term benefits
and 1Gng W coals are more likely to
be undenaken, thus Jeaving the casts 1o
future generations, and the reverse,
pPrajecis with presend costs and funee
benciits are less likely 10 be under
taken. Thus, i may be argued that en-
vironrmenial and sustainability con-
Cerms should he given more weight by
towering the discount rate for projects
that bave Jurge environmental or
sustainability impaces

4. Conclusions and

Recommendations

In design of storage rescrvoire,
susiatnability should be considered
fram the ininal phase of project desipn,
asscssing the greatest possible sedi-
ment management aliematves, which
will eventually lrad 1o long-term sedi-
ment balance, Becouse of ineressing
populatign, which occupics more lnnd
for settlement aad fanming, combined
with the environmestal concems, and
WMCTERSing consruction costs makes

i1
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