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The present report is a summary of the studies carried out from 1967
to 1971 by the Hydrological Division of the Wabi Shebelle Project.

The following scientists, engineers and head technicians from ORSTOM
participated in the hydrological studies undertaken in Ethiopia :

- Daniel Bauduin, "maître de Recherches", ORSTOM, chief of the Hydrological
Division of the French Mission since 1968.

- Frederic Moniod, "maître de Recherches", ORSTOM, chief of the Hydrological
Division of the French Mission, from 1967 to 1968.

- Georges Bermond, hydrologist, in 1967.

- Pierre Jarre, hydrologist~ from 1968 to 1969.

- Pierre Le Duc, hydrologist, since 1968.

- Joseph Robin, hydrologist, in 1970.

- Jean Sabatier, hydrologist, in 1967 and 1968. (accidentaI death).

The following Ethiopian head technicians also participated in the local
studies :

Haïlu Hapte, engineer, in 1967 - 1969.

- Guerma Bekcle, engineer, since 1971.

- Tesfaye Gemetchu, engineer, since 1967

- Bellow Wolde Semaiate, chief of the hydrometric squad, since 1967.

- Tamire Mariam, chief of the hydrometric squad, since 1969 ;

- Kelemo Worke, in charge of the computation office, since 1967.

AlI the data collected during the five years of local activities were
arranged in order to be compatible with systematical computer-processing
facilitating statistical analysis and correlation studies which are absolutely
necessary to give these data the utmost value.

AlI these studies were achieved, 'with the assistance of the Central
Hydrological Office (O.R.S.T.O.M.), by Daniel Bauduin who drafted the present
report. The Ethiopian engineer, Kebedde Woldeyes collaborated from November 1971
to May 1972 in this office work.

During the preliminary mission in 1965 and until the final report was
drafted, the hydrological studies were conducted by Pierre Dubreuil, "directeur
des Recherches" at O.R.S.T.O.M.
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CHAPTER l

GEOGRAPHICAL FACTORS

1.1 LOCATION and MAPPING (Graph. 1.1)

The Basin of the Wabi Shebelle stretches from the Ethiopian High
Plateaus to the Indian Ocean in Somalia and covers a total area of 280.000 km2.
This crescent-shaped basin presents a main N N W - S S E direction and is
located between the 9°30' N and DON parallels and the 38°30' E and 46° E meridians.

The present survey concems the upstream part of the Basin which
is entirely included in Ethiopia. The Basin of the Wabi Shebelle occupies
190.000 km2 in Ethiopia, i.e. : the two thirds of the total basin area. It is
located in the South Eastern part of Ethiopia and covers part of the Arussi,
Bale and Harar provinces between 9°30' N and SON parallels and 38°30' E and
45°E meridians.

The Basin is limited to the West by the Ganale Basin, to the North-West
by the Rift Valley depression, to the North by the Awash basin and to the
East by a desert region stretching down to Aden baYe

The main basic documents available when the Project studies began
were limited to the following maps

a) the world aeronautical map at a scale of 1/I.OOO.OOO'with contour intervals
of 500 m ;

b) the map at 1/500.000 of East Africa, by the War Office, with variable
contour intervals depending on the sheet

e) the geological map at 1/2.000.000 of the Africa Hom by Mohr 1963.

The quality of these documents at inadequate scales is poor as
regards planimetry as well as altimetry.

In order to meet the needs of the various studies of the Project,
the photo-interpretation Division drafted several caps at different scales
using the aerial map at 1/50.000 by the U.S. Mapping Mission. The main
documents are, i.e. :

- The three planimetrie maps of the entire Bassin at a scale of
1/100 000, 1/250 000 and 1/1000 000,

- a planimetrie map at a scale of 1/50 000 for the Lower Valley of
the Wabi Shebelle.
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The specialized divisions of the Project draftcd several general
maps using thcsc planimetrie base-maps, among which the MOSt important are

- a geGlogical map at 1/1 000 000

- soil maps at 1/250 000 and at 1/1 000 000

- a map at 1/1 000 000 of the vegetation

AlI these old or recent maps were used to determine the characteristics
of the physical factors of the Basin affecting water flow conditions.

1.2 MORPROLOGY and RELIEF (Maps l and II)

The Basin of the Wabi Sheb~lle culminates at an altitude of 4 200 m
but only attains 150 m at the Somalian border. The morphology of the Basin
which is closely linked to the nature of the geological substratum presents
very different facies.

The main morphological regions are distributed as follows

a) BasaIt mountains and plateaus

These high plateaus have a Mean altitude of 2 500 m and constitute
the framework of the North-Eastern end of the Basin. To the East, they form
a very narrow strip along the Northern border from Minne to Rima but
Southwards this strip widens between Rima and Girawa.

These plateaus present the aspect of large tabular areas or of
gently rolling hills consisting of ash layers (at the Western end of the
Basin). They are commanded by usually eroded volcanic mountains with steep
slopes and forming the crest line. The highest Mountains gird the Eastern
end of the Basin ~hich is occupied in its central part by the Gedeb plain.
To the North of the Wabi Shebelle,they form a mountain range from Sire to
Ticho, the highest peaks being : Mount Kakka (4 190 m), Ghillalo (4 036 m)
and Badda (4 139 m). South of the Wabi Shebelle, these plateaus constitute
the Arena mountàins culminating at 4 000 m.

The basaIt plateaus of the Northern border of the Basin are commanded
by a relatively discontinued range of ancient volcanos which are less elevated
than in the Western zone. The highest relief consists of the Gugu mountains
(3 532 m), the Tita Mountains (3 122 m) and the Muleta Mountains (3 381 m).

AlI the large perennial tributaries of the Wabi Shebelle,except
the Errer, Maribo, Ulul, Siyanan, Ungwata and Ramistoriginate from these
old volcanos.

The slopes of the volcanos are generally steep whereas those
of basaIt plateaus are much smaller. GuIly erosion is relatively developed.
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b) The granite mcuntains of the Harar region

Their Mean altitude is 2 000 m and they culminate at 3 000 m.
They continue the volcanic plateaus of Chercher to the East, spread from
Girawa to Jijiga. and reach down to Megadalola in the South. This group is
deeply eroded and dismantled and presents a relatively varied morphology
such as large gently rolling brow-shaped plateaus corresponding to granitic
alluvial deposits (erosion glacis) between Harar and Alemaya, and bare steep
hills approximately 30 to 40 m high, with a chaotic aspect and a facies of
boulders typical of cristalline erosion, between Babile and Jijiga

Some residual limestone hillocks exist on this granite.

The steep slopes with a very sparse vegetation and a comparatively
important rainfall are favourable to a particularly intense headward erosion.

The Errer, Daketa and Fafen originate from these granite mountains.

c) Limestone plateaus in the central part of the Basin

The limestone plateaus cover a very large area (45 per cent of
the Basin) stretching from the North-East of the Basin (Jijiga region) to a
line roughly passing through Hamero-Hedad, Danan and Kebri Dahar. These tabular
plateaus regularly sloping down to the South East with a very small dip of
50 are deeply cut by the drainage pattern. The rivers flow in canyons which MaY
attain 900 m depth in the Lege-Hida and Sheik Hussien region.

In these canyons, the alluvial zones are very weakly extended and
are practically never more than a hundred meters wide.

The comparatively flat plateaus present very small slopes.

Steeply sloping areas MaY only be observed on the edge of these
plateaus abruptly ending in valleys. These zones with their steep slopes and
abundant runoff consist of limestone debris and their extension varies
according to the lithological nature of limestone.

In the East of the Basin, between Jijiga and Shekosh, the more
broken up limestone formation no longer forms plateaus but more or less
rounded hills with slopes thickly covered with weathered material. The total
runoff in these regions is greater than on plateaus. Thalwegs are not so deep
(Fafen and Jerer) and the alluvial plains are larger.

On the whole, no pronounced karstic features resulting into
circulation of water in the depth MaY be observed. The only visible signs consist
of sorne caves isolated in the sides of thalwegs or of several depressions or
"dolines" unre lated to an underground flow system.

d) Gypseous zones in South Ogaden

The gypsum series occupy practically a11 the Southern and
South-Western part of the Basin and usually form not very high but very broken-up
roùnded hills with a "cockade" aspect. On these soft series intense erosion
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resulted into the formation of many closed drainage areas the most important
being .. the D~nan basin collecting the rainwater. The drainage pattern is
often of endhoreic type and very well-developed. All the temporary rivers
reaching the valley of the Wabi Shebelle end in large alluvial fans which
confirms the fact that erosion is considerable. The alluvial deposits of the
Wabi Shebelle and of the Fafen are very largely developed in these areas.

e) The Mustahil limestone bluff

To the South, the Ogaden gypsum is protected against weathering
by a hard limestone bed forming a bluff.

This bluff constitutes a more or less divided plateau commanding
the valleys of the Wabi Shebelle and of the Fafen from a 80 m height. The
gentlè slopes of this plateau do not allow a considerable runoff.

f) The Jesoma sandstone plateaus

Sandstone formations are mainly located at the Eastern limit
of the Basin between Kebri-Beyah and Degahbour and between Kebri-Dâhar
and the border. They may also be observed with a lesser extension in the
regions of El Kere, Duhun and in the North-West of the Basin, South of
Micheta. They form previous tabular plateaus enclosing perched ground water
tables.

Owing to their great permeability and gentle slopes, the drainage
pattern of these sandstone plateaus is practically inexistent.

A full-page map at 1/1 000 000 in this report approximately
represents the relief of the Basin (map 1). This map was drafted using
the only existent altimetric document : a map at 1 500 000 from the
war office presenting little accuracy. Nevertheless, this map shows
land forms corresponding to the great morphological entities previously
described. The contour of 2 000 m corresponds, within 200 m, to the limit
of the Southern extension of the volcanic zone. Above this contour, the
slopes of volcanic mountains are very steep but below 2 000 m and down to
approximately 700 m slopes are gentler : this zone corresponds to the
limestone plateau which gradually falls to the South East. Below contour
700 m, in the gypseous zone commanded by the Mustahil limestone bluff,
slopes are smaller still.

Tables 1.1 and 1.2 summarize the various morphological features
of part of the 14 drainage areas of the Fafen and of the Jerer controlled
at the different stream-gauging stations.

On table 1.1 are represented the areas, compacity indexes,
maximum, medium and minimum elevations and the global slope indexes~

Table 1.2 gives, when possible, the hypsometric distribution
for each basin. The most typical hypsornetric curves are shown on graphs
1.2, 1.3, 1.4.

*The global slope index is the ratio between the available gradient of the
drainage area between the points from 5 to 95 per cent of the surface of
the hypsometric curve - and the length of a rectangle equivalent to the
basin (in relation to the compacity index).
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TABLE 1.1

Morphological features of the basins

1 !
Globali ; Altitude

, Surface Compacity l''lope index
! Basin Station (km2) index m/km
1

; max med min
i

1 WAB l SHEBELLE DOOOLA Road 1 260 1,48 3 000 2 500 6,4
1
1 MARIBO DODOLA Road 260 1,37 3 800 2 500 42,0

MARIBO Confluence 1 220 1,20 3 800 2 400 27,7

WABI SHEBELLE MALKA WAKANA 5 290 1,31 4 100 2 950 2 300 14,0

1

WABI SHEBELLE LEGE-HIDA 21 500 1,64 4 100 2 360 750 9,0

ERRER HAMERO-HEDAD 14 200 1,21 3 400 1 220 720 15,2

WABI SHEBELLE HAMERO-HEDAD 64 450 1,39 4 100 1 560 550 6,0

DAKETA HAMERO-HEDAD 14 200 1,48 3 000 900 550 9,5

WABI SHEBELLE IMI 91 600 1,49 4 100 1 380 390 5,6

WABI SHEBELLE GODE 127 300 1,50 4 100 1 150 270 4,8

WABI SHEBELLE KELAFO 139 100 1,51 4 100 1 050 220 4,6

WABI SHEBELLE BURKUR 144 000 1,57 4 100 1 010 190 4,4

JERER DEGAHBOUR 6 470 1,42 2 700 1 400 1 100 8,4

FAFEN KEBRI-DAHAR 25 600 1,52 2 700 1 150 400 6,3



TABLE 1.2

Hypsometrie distribution for eaeh basin in pereentage of the surface

Basin Station )400Om 4000-350Om 3500-300Om 3000-2500m 2500-2oOOm 2000-150Om 1500-1000m 1000-50Om < 500m

WABI SHEBELLE MALKA-WAKANA 1 21,3 23,5 50 4 - - - -
WABI SHEBELLE LEGE-HlDA 1 3,5 13,5 27 18 22 9,5 5,5

ERRER HAMERO-HEDAD 0,5 1 9 20 46 23,5

WABl SHEBELLE HAMERO-HEDAD 0,5 1,0 4,5 9 15 24 35 Il

DAKETA HAMERO-HEDAD 0,3 0,2 3,8 34,7 61

WABl SHEBELLE lMl 0,25 0,75 3 7 10 20 33,5 24 1,5

WABl SHEBELLE GODE 0,25 0,75 2,5 5 7 15 29 32 8,5

WAlH SHEBELLE KELAFO 0,17 1 2 5 6 13 26 36 11

WABl SHEBELLE BURKUR 0,25 0,25 2 4 7 10 26,5 35 15

JERER DEGAHBOUR 2 34 64

FAFEN KEBRl-DAHAR 1,5 12 55,5 31

No
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From these tables and graphs the fo110wing observations may be
drawn

- The drainage areas have re1ative1y poor compacity-indexes which,
for most of them, is approximate1y l,50 and revea1s re1ative1y e10ngated
shapes.

For the Basin of the Wabi Shebe11e this is due to the dissymmetry
of the drainage system, the tributaries being far more deve10ped on the 1eft
bank than on the right batik.

- The slope indexes are very high on the upper Basin of the Wabi
Shebe11e down to Hamero Hedad as we11 as on the basins of permanent tributaries.
This is a favourab1e factor as regards the high specifie discharge of f100ds.
In the downstream part of the Basin, slopes are still steep, though at a 1esser
degree.

The Jerer Basin a1so presents very high slope indexes, greater than
6 m/km.

- At the Burkur station which contro1s practica11y a11 the Basin of
the Wabi Shebe11e, approximate1y 75 per cent of the basin area correspond to
an altitude be10w 1 500 meters, the high vo1canic land 10cated above 2 500 meters
on1y representing 6,5 per cent of the entire Basin.

1.3 DRAINAGE PATTERN (Map II)

1.3.1 General description

a) The Wabi Shebe11e

The Wabi Shebe11e springs from the Western end of the Basin in the
ash-covered mountains of the Adaba region at approximate1y 2 800 m. It f10ws
down from these mountains to a drainage area with a gent1er slope : the Guedeb
plain across which the Wabi Shebe11e meanders. It is joined on the right and
1eft banks by sma11 tributaries with high gradients of slope and originating
from the high vo1canic mountains. The main tributary is the Maribo on the right
bank.

At the exit from the Guedeb plain, the Wabi Shebe11e is sudden1y
deep1y embanked in the subjacent 1imestone p1ateaus after forming two fa11s
each approximat*ly 40 m high. It then f10ws in a very deep gorge steep1y
sloping down the first five ki10meters (25 m/km) after which the gradient
gradua11y decreases. This deep embanking stretches from Ma1ka-Wacana down to
30 km to the North of Imi a10ng 600 ki10meters.

In these gorges the Wabi Shebe11e first f10ws approximate1y
South South-West - North North-East between Ma1ka-Wacana and its junction with
the Ramis. The Wabi Shebe11e is most deep1y embanked in this section and at
Lege Hida it f10ws at a 900 m depth. It is joined on the 1eft bank by the main
perennia1tributaries originating in the high vo1canic mountains, the 1argest
of these tributaries being the U1u1, Hadida, Siyanan, Ungwata and Ramis.
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These tributaries present practica11y the same features as the
upstream part of the Wabi Shebe11e. F10wing from vo1canic mountains, first
on steep slopes, then slow1y on the basa1t p1ateaus, they fina11y deep1y
eut the 1imestone p1ateaus where they present very steep banks.

After meeting the Ramis, the Wabi Shebe11e sudden1y turns Southwards
and the river is gradua11y 1ess deep1y embanked as it f10ws down to 30 km
to the North of Imi.

In this reach, the Wabi Shebe11e is joined on the 1eft bank by two
large tributaries originating from the granite mountains of the Harar-Babi1e
region : the Errer and the Daketa. On1y the Errer has a permanent f10w. Two
intermittent tributaries originating in the Ginir region.join the Wabi Shebe11e
on the right bank between Hamero-Hedad and !mi : these are the Ledae and the
Daro1e. A11 these tributaries are characterized a11 a10ng by steep slopes
especia11y in the upper basin.

30 km to the North of lmi, the Wabi Shebe11e, at the exit from the
gorges, f10ws in a NNW-SSE direction in a practica11y straight 1ine down to
the frontier. This direction seems to be due to the presence of a fracture
zone which caused the formation of a large tectonic basin.

From !mi to the frontier, the Wabi Shebe11e f10ws in a vast alluvial
plain: the Lower Valley, and its very gent1é slope is on1y 0,25 to 0,35 m/km.
The intermittent tributaries of desert type seldom direct1y meet the river but
end in the alluvial plain. Among the tributaries joining the Wabi Shebe11e,
the most important is the Madiso the drainage area of which is 10cated between
Imi and Gode.

In this part of the basin covered with gypsum sediments, a distinct
degraèation of the drainage pattern must a1so be noted as we11 as the ~resence

of a very pronounced endhoreism. Many rivers end in these c10sed drainage areas
where runoff is 10st through influent seepage and evaporation. The most
important of these drainage areas isthe Danan basin.

From the hydrographica1 point of view the 1wwer valley may be divided
into five large zones :

- at the exit from the gorges down to Cugno the slope is gent1e,
the banks are re1ative1y 10w and unsteady and sedimentation is
considerable. The Wabi Shebe11e meanders through these alluvial
deposits and overf10ws during the flood period. Its changing
stream-f10w often cross-cuts its meanders.

- From Cugno to 30 ki10meters upstream from Ke1afo, the Wabi
Shebe11e sinks severa1 meters deep in its alluvial deposits
and no longer overf10ws. The banks are comparative1y stable.

- From Ke1afo to Mustahi1 the river-banks are 10wer again and the
gradient of slope decreases (0,20 m/km). The Wabi Shebe11e divides
into severa1 arms overf10wing in vast flood plains.
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_ from Mustahil to Burkur, the Wabi Shebelle narrows between the
limestone hills and flows once again in a well marked channel.

- Downstream fram Burkur, the banks are once again very low and
the river overflows during the flood periode

b) The Fafen

In this survey the basin of the Fafen has been included with the
basin of the Wabi Shebelle. It is nevertheless an independant basin of
42 000 km2 with no connection with the Wabi Shebelle.

In the upper basin, the Fafen presents two main branches : the Fafen
properly so-called and the Jerer. The fafen originates in the granite mountains
of Harar, to the North of Fugnanbira, whereas the Jerer comes from the limestone
formations to the North of Jijiga. The Fafen and Jerer flow in a practically
parallel NNW-SSE direction. They meet in the Bircot region, approximately
70 km to the South of Degahbour. The slopes of these channels are greater than
5 m/km. Less important tributaries have small drainage areas.

Downstream from the Jerer-Fafen junction and down to Korahe, the
Fafen flows in the same'NN~SSE direction. The slopes are gradually gentler
(approximately 3 rn/km) and a 3 km wide alluvial plain stretches on either
side of the river. The ephemeral tributaries do not join the Fafen but end
in the alluvial plain forming alluvial fans where floods spread on vast areas.

Downstream from Korahe, the drainage pattern is distinctly degraded
as it crosses the three successive spreading basins along a NS axis : the basin
South of Korahe (450 Km2), the Dobowein basin (750 km2) and the Iglole plain.

In the first two basins, the Fafen bed divides into several channels
and even practically disappears in some areas. The Fafen floods largely spread
in these water-spreading areas. In the Iglole plain, the Fafen channel comple
tely disappears but the river only reaches this last depression when strong
floods occur.

1.3.2 Longitudinal profile of the main rivers

The longitudinal profiles of the Wabi Shebelle and of the Fafen are
represented on graphs 1.5 and 1.6 using the very inaccurate topographie map at
1/500 000. The too great contour intervals do not enable knowing the details
of the slopes of the various reaches. These profiles only provide a schematical
vision at a small scale of medium slopes and cannot reveal all the many
irregularities such as cascades and falls all along the rivers. The length
of thalwegs has nevertheless been measured accurately on the planimetrie
base map at 1/250 000.

The downstream part of the Wabi Shebelle between Hamero-Hedad and
Burkur is represented on a special topographie map presenting a suitable density
of points (approximately one point every 7 kilameters). The longitudinal
profile derived from this survey is shown on graph 1.7.
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TABLE 1.3

Mean slopes of the main rivers of the Basin of the Wabi Shebelle

River Reach Length of the reach Mean slope
(km) (m/km)

WABI SHEBELLE Upstream from MALIA-WACANA 130 5,4

MALKA-WACANA - LEGE-HIDA 230 5,0

LEGE-HIDA - HAMERO-HEDAD 265 1,2

HAMERO-HEDAD - IMI 125 0,56

IMI - GODE 307 0,35

GODE - KELAFO 100 0,27

KELAFO - BURKUR 129 0,32

ASSASSA 35 29

MARIBO 45 36

ULUL 85 30

HADIDA 120 25

SIYANAN 110 14,5

UNGWATA 122 14

RAMIS 200 8

ERRER ~ 245 6,2

LEDAE 230 8, 1

DAKETA 280 4,5
1

7,6DARŒ-Z 135

1

1
1 MADISO 145 3,9

1

FAFEN before junction with JERER 275 4,8

JERER before junction with FAFEN 250 4,7

FAFEN Ifrom junction with JERER to 130 3,1
IKI<:KR -nAHAJ1
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The resu1t of the computation of the mean difference of 1eve1s
may be seen in table 1.3. Owing to the bad qua1ity of the topographie documents,
it. is use1ess to attempt finding the gradient of slope for each different
a1titudina1 section. Hence, on1y the mean slope for each characteristic portion
of the Wabi Shebe11e and of the Fafen are represented and, for the main
tributaries, the mean global gradients of slopes.

A11 the rivers f10wing from the basa1t mountains have an important
mean slope greater than 8 m/km. The steepest slopes are approximate1y 30 m/km
in the upper basins and a11 these rivers present torrentia1 conditions of f10w
with successive rapids and fa11s.

The tributaries originating in the granite mountains of Harar as we11
as the tributaries f10wing on gypsum have sma11er mean slopes from 8 to 4 m/km.
The f10w still presents a torrentia1 character.

The slopes of the Wabi Shebe11e are sma11er for an equiva1ent
drainage area. From its source to Ma1ka-Wacana the mean slope is very moderate
(2,5 m/km) owing to the presence of the Guedeb plain. The steepest slopes
are located in the Ma1ka-Wacana - Lege-Hida section owing to the presence
of important fa11s such as Ma1ka Wacana after which the channel continues sloping
steep1y a10ng severa1 ki1ometers. A local topographie survey shows that, from
the upper part of the fa11s down to 8 km downstream, the difference of 1eve1
is 300 m. The slope then gent1y decreases unti1 the river f10ws into the
alluvial plain. In the alluvial plain the mean slopes are sma11 : between 0,35
and 0,27 m/km.

The Fafen before f10wing into the drainage areas where it disappears,
still presents (like its main tributary : the Jerer) steep slopes greater than
3 m/km.

1.4. GEOLOGY

The geo1ogy of the basin is described in detai1 in the hydrogeo1ogica1
survey. Two maps are drafted : one at 1/1 000 000 for the who1e Basin, the
other at 1/250 000 for the downstream part of the Basin corresponding to Ogaden.
The main geo1ogica1 formations are described in the notes accompanying these
maps.

Herein, the geo1ogica1 series are envisaged from the point of view
of their suitabi1ity for runoff.

Four important types of formations may be observed, 1.e.

a) The Precambrian base consisting of granite and metamorphic rocks occupying
3 per cent of the basin;*'

b) The Miocene vo1canic series of the upper basin corresponding to 10 per cent
of the basin,

c) The sedimentary soi1s of secondary origin representing 82 per cent of the
entire basin,

*Percentages for the total area inc1uding the Basin of the Wabi Shebe11e
and the Fafen Basin.
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d) the Quaternary alluvial and colluvial deposits occupying 5 per cent of
the basin.

The exact location of these geological formations may be found on
the geological map at 1/1 000 000 of the basin issued together with the
hydrogeological study.

1.4.1 The Precambrian base is located in the North West of the basin in

the Harar-Babile region. It consists of granite, granitic migmatite and gneiss.
This cristalline substratum is impervious and favourable to runoff. However,
the deep weathering of this formation resulted into thick permeable colluvial
deposits where runoff is moderate. These deposits are particularly developed
in the West of the formation.

1.4.2 The Tertiary formations or Trapp ser1es result from the volcanic

activity of the Miocene age. They command the sedimentary formations to the
West and North of the basin and mainly consist of basalt flows, ash deposits
and volcanic tuff.

The ash deposits are largely spread at the -Western limit of the
basin and present a high permeability : the importance of influent seepage
in this ash layer leads to the formation of ground water tables revealed
by springs. These ash deposits are favourable to a high base discharge of
most of the rivers. The Wabi Shebelle originates from these formations.
Nevertheless, runoff still exists owing to the steepness of slopes and to the
high rainfall in these regions.

Basalt forms vast impervious plateaus where runoff is comparatively
important.

1.4.3 The ~econdary Bedi~entary series occupying over 4/5 of the ~asin

may be grouped into four great units

a) The Kebri-Dahar limestone outcrops on over more than half of
the basin. It is located between the basalt plateaus constituting the Northern
and Western limit of the basin and the gypsum series in the South.

This series mainly consists of thick, hard limestone layers with
some marl, gypsum and sandstone intercalations. To the monotonous structure
of the series with a small dip of a few degrees to the South-East, is due
the formation of vast plateaus deeply cut by the drainage system.

Runoff is weak on the plateaus but becomes more pronounced on the
very steep slopes of thalwegs.

On the bare plateaus water seeps through cracks and diaclases.
Ground water tables are very deep.
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b) The gypsum series occupies practica11y a11 the Southern part of
the basin and, to the North, it extends as far as 7°30' N. This series consists
of a1ternated mar1, clay, gypsum, dolomites and saline 1ayers. Being
particu1ar1y soft, it is deep1y eroded and covered with a thick impervious
layer of weathering materia1. Here, runoff is considerable.

c) The Mustahi1 1imestone covers the gypsum series in sorne places
in the South of the Basin. 1t forms an unbroken plateau South of the Wabi
Shebe11e between Gode and Mustahi1 and stretches to the Western 1imit of the
basin. Between the Wabi Shebel1e and the Fafen il constitutes iso1ated
p1ateaus dis10cated by weathering. Last1y, to the East of the Fafen, it forms
an unbroken plateau but is often over1ain with Ferfer gypsum and Jessoma
sandstone.

This formation is on1y approximate1y 30 m thick and consists of
chalky 1ayers surmoŒnted with a hard do1omitic layer forming a bluff.

On these p1ateaus where rainfall is low, runoff is not considerable.

d) The sandstone series is scattered throughout the basin. 1t
stretches more or less 1argely up to the North-East under the basalt f10ws
of the Trapp series. The 1argest outcroppings may be seen at the Eastern limit
of the Basin where they forro a plateau crossed by the drainage divide.

This series consistsof coarse sandstone and is very pervious.
Rainwater is directly infi1trated and supplies perched ground water-tab1es
which may reappear at the contact with 1imestone (region of El Kere). The
drainage pattern is inexistent and no surface runoff may be observed.

1.4.4 The quaternary alluvial and col1uvia1 deposits resu1t of the

weathering of cristalline and sedimentary vo1canic soils. They constitute a
soft sandy-clay mate rial which is more or less pervious depending on its
location.

These deposits are mainly located in the lower va11eys of the Wabi
Shebelle and of the Fafen and on the gypsum series where they form depressions
co1lecting rainwater. They are unfavourable to runoff but as most of them
are easi1y f1ooded, these deposits enclose ground water-tab1es connected
with the drainage pattern.

To summarize, the most favourable soi1s for runoff are the vo1canic
soils, the Kebri-Dahar 1imestone in areas presenting very steep slopes, and
the gypsum soi1s.

The distribution in percentages of the drained surface of the various
geological series has been computed for each surveyed basin (table 1.4).

1.5 S01LS

Soi1 is an important factor as regards the hydrological conditions
since it constitutes areas collecting rainwater and affects the latter as to
its future ro1e.



TABLE 1.4

Geological distribution for each basin in per cent of the surface

1 Volcanic soils Sedimentary soils 1 Alluvial
River Station

1

CristallinE'
Ash Tuff BasaIt soils Kebri-Dahar Mustahil

j and
GypS\.DD. Sandstone 1 colluvial

lime stone lime stone deposits

WABI SHEBELLE Route DODOLA

1

78 2 20 1

1

MARIBO Route DODOLA
1

100

MARlBO Confluence
1

5 95

WABl SHEBELLE MALKA-WAKANA 19 21 60

WABI SHEBELLE LEGE-HIDA 5 5 55 28 7

ERRER HAMERO-HEDAD 4 21 75

WABl SHEBELLE HAMERO-HEDAD 2 2 26 4 62 4

DAKETA HAME RO-HE DAD 7 91 2 1
1

WABI SHEBELLE !MI 1 1 19 4 63 9 3
1 WABI SHEBELLE GODE 1 1 13 3 1 50 25 2 3 21
1

WABl SHEBELLE KELAFO 1 1 12 3 47 26 4 3 3

WABl SHEBELLE BURKUR 1 1 12 3 45 28 4 3 3

JERRER DEGAHBOUR 1 75 19 5

FAFEN KEBRI-DAHAR 8 71 10 ; Il

1 1
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The soi1 is c10se1y re1ated to the geo10gica1 conditions and, at
a 1esser degree, to the c1imatic and especia11y to the rainfa11 conditions
as the latter change with the relief. The pedo10gica1 Division of the Project
drafted a detai1ed map of the basin at a sca1e of 1/1 000 000. In this report,
on1y the main types of soi1s presenting different hydrodynamic characteristics
are described, refèrring to the classification provided by the pedo10gica1
Division.

1.5.1 Soi1s on vo1canic ash brown mesotropic soi1s

These sandy soi1s are very pervious at the surface. The existence
of impervious intercalations in the depth is favourab1e to a considerable
1atera1 f10w (many springs). The water-ho1ding capacity is insignificant.

1.5.2 Soi1s on basa1t

Severa1 types of soi1s exist in relation to the altitude and land
forms.

a) At the top of vo1canic mountains :

- andoso1s in Arussi and North-Ba1e. These sha110w soi1s (0,50 to
100 m) are scarce1y pervious and their water-ho1ding capacity is high.

- the basa1t tops of Chercher and Harar are over1ain with more
pe'l"Vious "sols brunifiés" (20 to 60 cm thick) presenting a weaker water-ho1ding
capacity.

b) On the mountain slopes above 2 700 m.

These deep (more than 3 m) ferra11itic soi1s with a sandy-clay
texture present a suitab1e permeabi1ity and a medium water-ho1ding capacity.

c) On basa1t p1ateaus (mean altitude 2.500 m) :

These black vertiso1s are very c1ayey and deep.

These soi1s absorb the first rainfa1ls very well since they present
a superficia1 system of shrinkage cracks formed during the dry season.
The soi1sthen become comp1ete1y impervious and are favourab1e to a considerable
runoff. The water-ho1ding capacity of these soi1s is very high.

1.5.3 Soi1s on vo1canic tuff and basa1t : Tchernozem

These deep sandy-clay soi1s 10cated in the Guedeb plain are very
permeable. The drainage pattern is re1ative1y diversified and runoff is
probab1y weak.
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Soils on granite mountains

On the granite mountains of the Harar-Babile region three main
types of soils may be distinguished :

a) Fersiallitic and ferrallitic soils :

These sandy-clay soils developed on gently rolling plateaus consist
of granite, sandstone and limestone (glacis) colluvial deposits. Their
permeability is medium to high. Headward erosion is very strong.

b) Granite chaos and colluvial soils on granite :

These soils are mostly located between Babile and Jijiga they
consist of caarse sand and are very pervious.

c) Calci-magnesic soils

They are only represented by some limestone residual hillocks on
the granite mOuntains. They are clayey but shallow and their water-holding
capacity is weak.

1.5.5 Soils on limestone

Climate is the main factor determining the differenciation of sails
developed on limestone.

Two main soil categories may be determined depending on the altitude
and rainfall, i.e.

a) Soils of the Northern part af the Kebri Dahar limestone.

These soils correspond to a rainfall slightly higher than 500 mm.

On the plateaus stretch black limestone vertisols with a medium
depth (60 cm to 1 m). These soils are very well-developed on the plateau
between Babile and Fik, in the Jijiga and Lege Rida regions. They present a
weak permeability and a,high water-holding capacity but since the relief
is inexistent, runoff is weak.

On the steep slopes of plateaus, weakly developed calcic-magnesic
soils resulting from weathering may be observed. These shallow soils have
a weak water-holding capacity and runoff is considerable.

Lastly, and still on limestone, large zones exist corresponding to
the spreading of sandstone colluvial deposits derived from the weathering
and transportation of the Jessoma sandstone. These spreadings are very well
developed at the Western limit of the Basin near Mount Auatu (near Ginir), in
the Sheik-Russien region and to the North East of the Basin between Kebri-Beyah
and Degahbour.

Soils formed on these colluvial deposits present a calcareous
differenciation (powdery lime). They are very pervious and their water-holding
capacity is weak. Runoff is not considerable.
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b) Soils on the limestone of Lower-Ogaden

These soils are developed on the Kebri Dahar limestone as well as
on the layer of Mustahil limestone and correspond to a mean rainfall less than
500 mm. These soils present a calcareous differenciation with heaps and nodules.
They are not very thick on the plateaus and become very thin on the slopes.
They are very permeable. Runoff on these soils depends on the relief; it is
weak on the plateaus and relatively intense in zones where the limestone
plateau is broken up (Shekosh region and zone between the Wabi Shebelle and
the depressions of the Fafen).

1.5.6 Soils on gypsum formations

These soils are classified as soils with a gypsum differenciation
and their thickness varies depending on their location on gypsum hills or on
the colluvial and alluvial deposits of foot slopes. They present a weak
permeability and runoff is intense except to the South of Kelafo and down to
the Somalian border where they form vast and flat stretches.

1.5.7 Soils on quaternary sediments

These soils are mostly represented in the South of the basin on
the alluvial deposits of the Wabi Shebelle and of the Fafen and in the water
spreading depressions of overland flow on gypsum series. They are very
heterogeneous and their texture is variable depending on the origin of the
deposits.

a) On the alluvial deposits of the Lower Valley of the Wabi Shebelle,
three main types of soils are represented, i.e. :

- Soils with a gypsum differenciation. These are the most largely
spread and they occupy most of the non-flooded alluvial plains. Their texture
1S clayey sand or sandy and they are generally very pervious.

- non-organic hydromorphic soils characterize non-flooded areas. They
exist in the region of Imi and farther South between Kelafo and Mustahil.
They are clayey and present a weak permeability to which are due the permanent
pools and swamps of these soils.

- Vertisols and vertic soils. These soils correspond to the alluvial
fans of the main tributaries of Ogaden. They form the limit of the soils with
a gypsum differenciation previously mentioned. These very clayey soils have
a weak permeability and a suitable water-holding capacity. They are temporarily
flooded by water from the temporary rivers of Ogaden.

b) Soils on the alluvial deposits of the Fafen have a very variable
texture ; from fine sandy to clayey.

In the easily flooded zones of the Korahe and Dobowein basins and on
the alluvial fans of the Fafen tributaries, soils are more clayey and mainly
consist of vertisols.
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c) The soils of spreading basins located at the exit of endhoreic systems
on gypsum series are very thick clayey vertisols. The formation of temporary
pools on the soil surface during the rainy season is due to their very weak
permeability.

These soils are mainly located in the Duhun basin and to the North
of Danan as weIl as in the last Fafen depression or Iglole plain.

From this general pedological description, the following conclusions
may be drawn as regards flow conditions :

a) vertisols are dominant in the upper basin, North of isohyet 500 m.
They cover the basaIt plateaus as w~l1 as the limestone formations.· These
clayey soils are saturated with water during the first rainfalls and then
become impervious and suitable for intense runoff. These soils allow the
formation of very high floods upstreamofrom Hamero-Hedad ;

b) soils on the limestone of Lower Ogaden are more perviouso Besides,
they receive less rainfall (less than 500 mm). Runoff on these soils should
be moderate.

c) soils on gypsum are generally impervious and favourable to runoff.
Yet, the general morphological structure of gypsum soils as weIl as the arid

. climate resulted into the formation of closed endhoreic basins unrelated
to the general pattern.

Runoff is collected in closed basins where it evaporates and seeps
into the soil forming local ground-water tables. The really active areas
partly supplying the Wabi Shebelle are small.

d) Soils on volcanic ash of the upper basin are very permeable and
favourable to a high base discharge on the Wabi Shebelle.

1.6 VEGETATION

The very contrasted relief as weIl as the great variety of climates
and of the geological substratum, determines very different types of vegetation,
from the dense forest to the short steppe, aIl intermediate forms being also
represented.

Besides, owing to the relative density of the settlement on the high
fertile plateaus, large zones have been practically completely cleared. The
botanist on his map at 1/1 000 000 determines 13 categories of vegetation
corresponding to the dominant species. As to us, we divide the vegetation in
6 main classes representing the different densities of the vegetative cover.
Runoff is checked in proportion as the vegetation is thicker. Using this
classification, several zones have been determined :

- zones with a dense forest,

- cleared and cultivated high plateaus,

- zones with a low forest,

- mèdium limestone plateaus with shrubs,

- steppes with thorny thickets,

low valleys and water spreading basins with gramineae.
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The first three classes correspond to high elevations (above 1 700 m)
and the three last classes to mean and low elevations (less than 1 700 m).

a) The dense forest only remains on the steep slopes of~the high
mountains to the West and North-West of the basin, as weIl as on the Gara
Muleta to the West of Harar, and only occupies 1 per cent of the basin.

b) At the foot of this dense forest, the high plateaus with moderate
or inexistent slopes are practically entirely cleared and under cultivation.
They are mainly cropped to wheat, sorghum, teff. and peas.The hills are covered
with a herbaceous carpet grazed by livestock.

This cultivated zone extends·from the West of the basin to the East
of Harar and represents approximately 8 per cent of the entire basin.

c) The low forest roughly stretches between 2 500 m an~ 1 700 m.
This secondary forest consisting of numerous deciduous species is very
fragmentary and it is cut here and there by crops. These crops are distinctly
different from those grown on the High Plateaus and consist of maize, sorghum,
"chatt"--:nd coffee-trees. As the population becomes denser, land-clearing
increases in this zone which represents approximately 14 per cent of the basin.

d) The mean limestone plateaus with a shrubby vegetation. This zone
extends between 1 700 m and 1 200 m and occupies approximately 10 per cent
àf the basin. The general aspect of the vegetation corresponds to a loose
thicket with numerous shrubs, 5 to 6 m high (Acacia). This type of vegetation
only slightly affects runoff conditions.

e) Steppes with thorny thickets occupy 2/3 of the basin below 1 200 m.
In this region, species vary with the base-rock but the cover remains compara
tively homogeneous on the whole area and mainly consists of small (1 to 2 m)
and sparse bushes. The thicket is denser on the foot-slopes and in the basins.
Soil, when it is not too thin, is covered with poorly-developed gramineae.

These steppes scarcely prevent runoff.

f) In the lower valley of the Wabi Shebelle and in the spreading basins
of the Fafen and of the Danan region, the vegetation is still sparser : bushes
have practically disappeared and the density of the herbaceous carpet depends
on the humidity of soils.

On the banks of the Wabi Shebelle grows a fringing forest covering
relatively large are as in the Imi region and South of Mustahil where a shallow
ground water-table exists.

Zones covered with the se types of vegetation occupy approximately
5 per cent of the basin. The cultivated areas are almost entirely limited to
the Kelafo region (irrigation through open canals during floods), and lmi
(cultivation when floods subside) but tend to extend.

-Teff : cereal growing in the High Plateaus of Ethiopia.

--Chatt: a shrub the shoots of which provide a stimulant.
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OHAPTER II

CLIMATIC FACTORS

,2. 1 GENERAL CLIMATIC FEATURES OF THE BASIN

The basin of the Wabi Shebe11e is 10cated between 5° and 9°30' North
para11e1s and presents an equatoria1 type of c1imate with the fo110wing
seasona1 variations, i.e. :

- a long dry season during the winter of the Northem hemisphere,

- a first rainy season,

- a second more or 1ess pronounced dry season,

- a second rainy season.

The abundance of rainfa11 and the comparative 1ength of each season
is deep1y inf1uenced by the latitude and relief as will be seen in the chapter
on rainfall.

The equatoria1 c1imate of the basin may be rough1y presented as
fo110ws

- The South of basin tends to aridity with two short rainy seasons
of equa1 1ength and two long dry seasons a180 of equa1 1ength.

- In the Northern part of the basin where rainfa11 is more abundant,
the second dry season occurring in May is 1ess pronounced ; it on1y 1asts
one month and is sometimes inexistent. The first and short rainy season is
considerab1y 1ess abundant than the second.

Between these extreme conditions, a11 intermediate forms may be
observed.

The very pronounced relief of the Northern part of the Basin deep1y
affects thec1imatic factors. It is responsib1e for the marked aridity in the
South of the Basin which is an unusua1 feature under these latitudes.

These seasona1 variations may rough1y be exp1ained by the year1y
movements of the "Intertropical Front ll separating the equatoria1 oceanic
air (monsoon) from tropical continental air, these movements being fo110wed
by rainfa11 in the area where the two air-masses meet.

a) During winter in the Northern hemisphere the IIFIT II is in the
South hemisphere ; the basin is under the influence of the continental
air-masses of the North East originating from the high pressures of Egypt.
The long dry season is due to this co1d current from the desert.
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b) In March, the "FIT" moves to the Northern hemisphere ; the basin
is affected by the humid equatoria1 air of the South East (trade winds from
the Indian Ocean). The formation in the basin of a more or 1ess 1agging
rainy season is due to this Northward movement of the FIT.

c) In May the FIT remaills stab le ; a short dry season occurs on the
High P1ateaus and a longer dry season in the South of the Basin.

d) From June unti1 September, the FIT progresses Northwards and the
basin is occupied by humid air-masses from the South West (monsoon) to which
is due the long rainy season of the High Plateaus.

e) In September, the high pressures from Egypt drive the FIT back
Southwards and the dry continental air returns on the basin. The Southwards
movement of the FIT brings about the formation of a second rainy season
(October-November) in the South or the Basin.

2.2 CLlMATIC INSTALLATIONS IN THE BA~IN

In order to analyse the c1imatic elements which are the determining
factors of hydrologica1 conditions, it proved necessary to collect a11 the
observation data concerning the longer possible periods. In this view, an
inventory was made of the weather and rainfall data existent apart from those
of the Proj ect.

The main informations were provided by :

- a study by Amilcare Fantoli : "Contributo alla climato10gia d'ell
Ethiopia". This study gives aIl the data availab1e before 1940. Unfortunately,
the observations made in this work are genenal1y very short and only a few
rainfa1l stations could be used :

- The Imperial meteorologica1 serviee. Meteorologica1 and rainfa11
date provided by this Service main1y concern stations operating after 1952.
These data are often poor and incomplete. Besides, the weather stations are
most1y located on the High P1ateaus and very few exist in the Middle Basin
and in the Lower Valley.

After a critica1 survey of the data thus obtained, nine weather
stations and twenty one rain-gauge stations, located either in the basin
or in the close vicinity, were se1ected and used for various informations
concerning the study of c1imatic factors. They are specified in the fo110wing
paragraphs.

In order to acquire a more accurate know1edge of the c1imatic
conditions of the basin, six weather stations and fourty-eight rain-gauge
stations were installed, most of them in 1968, and operated permanent1y
until 1972. In tables 2.1 and 2.2 the 1ist of these stations, their location
and the date of the starting of observations is given. They a1so figure on
the separate map of installations N° II.
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The type-installations of the recent weather-stations inc1ude

a) a weather-she1ter with

- a conventiona1 thermometer,

- a maximal thermometer,

- a minimal thermometer,

- a psychrometer,

- a barograph,

- a Piche evaporometer.

type).
b) a sunked evaporation pan, surface 1 m2 (square pan of the ORSTOM

c) accumu1ative anemometer,

d) an he1iograph,

e) a recording rain-gauge,

f) an Association rain-gauge,

g) a ground-1eve1 rain-gauge (in order to correct evaporation).

Observations are carried out in these stations three times a day, at
6 a.m., 12 a.m. and 6 pm (local time).

TABLE 2.1

Weather stations

Coordinate s Approximate
Stations altitude Starting of observations

N latitude E longitude in meters

Sector Arussi Ba1e

ADABA 7°00' 39°16' 2 480 Ju1y 1968

TICHO 7°48' 39° 18' 2 980 August 1968

Sector : Harar

GIRAWA 9°08' 41°43' 2 560 August 1968

MEDAGALOLA 8° 47' 42°07' 1 450 May 1968

RAMERO HEDAD 7° 31 ' 42°09' 650 May 1968

Sector lower Valley

GODE 5°58' 43°30' 260 Ju1y 1968
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TABLE 2.2

Installations for the measurement of rainfa11

Coordinates Approximate
date ofN° Station altitude in installation Equipment

Latitude Longitude meters
N E

Sector ARUSSI-BALE

1 ADELE 7°48' 40°02' 2 500 Nov. 1968 toto

2 AGAFRA 7° 17' 39°42' 2 140 June " p1uvio.

3 ASSASSA 7°09' 39°12' 2 340 Febr. " p1uvio. + tot.

4 BOKOJI 7° 31 ' 39° 10' 2 840 Nov. " " + "
5 BILLA 7°19' 40°13' (2 130) Nov. " toto

6 CARA BIROLE 6°48' 39°14' 3 220 Febr. " toto

7 KORE 7° 14' 38°46' 2 750 Febr. " p1uvio. + tot.

8 DIXIS 8°06' 39° 31 ' (2 500) Febr. " toto

9 DJARA 7°27' 40°36' 1 800 Ju1ar " p1uvio + toto

10 IBANO 6°53' 38°40' 2 700 Nov. " " + "
11 GAS SARA 7° 22' 40°08' 2 350 June " p1uvio

12 GINIR 7°08' 40°40' 1 750 June " "
13 GOBESSA 7°37' 39°29' 2 420 Nov. " p1uvio + tot.

14 INDE TU 7°34' 39°49' 2 450 Nov. " " "
115 LEGE-RIDA 7°53' 41°01 ' 1 580 Ju1ar " toto

16 MERARO 7°22' 39° 10' 2 990 June " p1uvio + tot·1

17 ROBI 7°53' 39° 34' 2 440 Febr. " " + " :

18 SEBRE-DOLLO 7°13' 40° 31 ' 2 090 June " p1uvio

19 SADIKA 7°43' 39° 40' 2 530 Febr. " p1uvio + tot.

20 SERU 7°44' 40°10' 2 500 Febr. " " + " 1

1

7°45' 40°39' " " "
1

21 SHEK RUSSIEN 1 490 Ju1ar + 1: 1

1

22 STELLA UGUE 7°03' 39 0 35 ' 3 670 Febr. " toto ;

- p1uvio. = dai1y observed ra1n-gauge.

- toto = tota1izer or accumu1ative rain-gauge.
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TABLE 2.2

Installations for the measurement of rainfa11

Latitude
N

Station

HARAR Sector

Coordinates
!------...------IApproximate

. altitude
~ong1tude in meters

E

Date of
installation Equipment

23

24

25

26

27

28

29

30

31

l 32

1

33

34

1
35

1

: 361

1 37

! 38

1 39
1 40
i
: 41

i 42\

BAB ILE

BEDENO

BEDESSA

BURKA

COMBOLCHA

DEGAHBOUR

DEGAH-MEDO

DE DER

DUHUN

FADIS

FIK

GELEMSO

GOLOLCHA

FUGNANBlRA

HARAR

HIRNA

JIJIGA

KEBRI-BEYAH

MECHARA

SEGEG

9° 15'

9°03 '

8°54'

9° 15'

9°25'

8° 13'

7°58 '

9°18'

7° 12'

9°07 '

8°08'

9°20'

8°12'

9°22'

9° 18'

9°13'

9°20'

9°08'

8°36'

7° 38'

42°18'

41°34'

40°40'

41°15'

42°06'

43°43'

43°0 l '

41°18'

42°37'

42°02'

42°12'

40°30'

40°04'

42°16'

42°05'

41°04'

42°44'

43°05 '

40°20'

42°43'

(1 650)

2 320

1 760

2 010

2 130

1 130

970

2 530

1 770

1 140

1 810

1 670

1 980

1 860

2 250

1 640

1 730

1 750

(900)

Apr.

Jan.

Jan.

May

Jan.

August

Ju1ar

Febr.

June

Apr.

March

Jan.

Jan.

Jan.

Jan.

Jan.

Febr.

Ju1ar

Jan.

Ju1ar

1968

1969

1968

1969

1968

"
"
"

1969

1968

"
"

1969

1970

"
1968

"
"
"
"

p1uvio.

"
p1uvio. + toto

p1uvio

"
"
"
"
"
"
"
"

p1uvio. + toto

p1uvio

"
"
"
"

p1uvio. + toto

p1uvio

+ toto

, J

1 iLower Valley Sector

; 431 KELAFO

i 44 1 DANAN
!

45 FERFER

46: KEBRI-DAHAR

! 47, IMI

1 48[ MUSTAHIL

5°36'

6°30'

5°05 '

6°45 '

6°26'

5°15'

44°08'

43°30'

45°05'

44° Il '

42°06'

44°39'

230

400

180

420

360

190

Sept.

Sept.

Oct.

Oct.

Oct.

Oct.

1968

"
"
"
"
"

p1uvio.

"
"
"
"
"

+

+

+

+

+

"
"
"
"
"

- p1uvio.

- toto

• daily observed rain-gauge

• tota1izer or accumu1ative rain-gauge
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2.3 WIND CONDITIONS

Wind conditions depend on the movements of air-masses described
previous1y.

The directions of the main winds have been observed at severa1
stations of the Imperial Meteoro1ogica1 Service. They vary considerab1y
especia11y at a high altitude where they depend on the location of the station
and its position on slopes. In genera1, on the High P1ateaus, the dominant
wind b10ws from the E.N.E from October to May, and from the SW, from June to
September (Monsoon). In Ogaden, the South-West wind b10ws during six months
from May to October, whereas from November to April, the North West wind is
dominant.

The mean ve10city of wind has been observed at the six weather-stations
of the Project. The averages for three years are given in table 2.3. The mean
ve10city is a1ways high and re1ative1y steady throughout the year in the
North-Eastern part of the Basin (Adaba, Ticho). In the South of the Basin and
in the Lower Valley of the Wabi Shebe11e, the mean ve10city of the South-East
wind is considerab1y higher than that of the North-East wind. As will be seen
1ater, these winds deep1~ influence evaporation conditions.

TABLE 2.3

Mean ve10city of wind on the ground in mis (1969-1971)

Station J F M A M J J A S 0 N D Year1y
Average

ADABA 1,7 2,0 2, 1 2,2 1,9 1,7 1,6 1,6 1,7 2,0 2,0 2,0 1,9
~

TICHO 1,4 1,5 1,4 1,5 1,6 .hZ. 1,5 1,5 1,5 1,5 1,5 1,5 1,5

GlRAWA 3,1 2,9 3,0 3,1 3,2 i2. 4,1 4,2 3,0 2,2 2,4 2,4 3,2

MEDAGALOLA 2,5 2,6 1,9 1,8 2,2 2, 1 2,1 2,0 2,0 1,9 2,5 3,3 2,3

RAME RO-HEDAD 2,3 2,0 2,2 2,3 2,1 3,5 4, 1 ~ 3,2 2,2 2, 1 2,1 2,7

GODE 2,7 3,3 2,9 2,3 3,2 5,0 5,5 ~ 4,4 2,3 2,6 2,8 3,6

Maximal month1y data are under1ined.

2.4 INSOLATION

The month1y variations of insolation at the six stations of the Project
(3 years observation-period) are given in table 2.4.
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Nebu10sity increases with altitude. If the number of insolation
hours for the year is compared to the number of hours of day1ight, it may be
noted that insolation corresponds to approximate1y 50 to 55 per cent of the
total duration of day1ight in high altitude and to 70' per cent in the South
of the basin.

At a month1y sca1e, Ju1y is the month with the m1n1mum insolation.
representing 35 to 55 per cent of day1ight,according to the altitude. December
has a maximum insolation (65 to 90 per cent of day1ight).

TABLE 2.4

Month1y and annua1 mean insolation in hours (1969-1971)

Station J f M A M J J A S 0 N D Total for
the year

ADABA 220 223 212 206 228 174 147 150 180 193 254 289 2 476-- --
TICHO 180 200 129 178 196 190 159 173 200 150 194 241 2 190-- --
GlRAWA 216 221 190 187 185 152 125 135 156 229 266 291 2 353--
MEDAGALOLA 259 225 215 222 221 216 207 197 235 252 272 298 2 819--
HAMERO-HEDAI 301 272 262 247 263 224 235 228 266 231 282 293 3 104-- --
GODE 307 284 299 251 231 199 199 207 258 222 287 324 3 068-- --

The maximal and minimal month1y data are under1ined.

2.5 AIR TEMPERATURE UNDER SHELTER

Except for the Project stations which can provide data for approximate1y
three and a ha1f year, observations are avai1ab1e from the nine stations of
the Imperial Meteoro1ogica1 Service (5 to 18 years). The 1ist of these stations
located in the basin or in the vicinity is given in table 2.5.

For each of these stations and for the six Project stations, the
fo11owing characteristic values are computed, i.e. :

mean T mean month1y and annua1 temperatures

max T mean month1y and annua1 maximal day-temperatures

min T mean month1y and annua1 minimal day temperatures

maxT - min T mean month1y and annua1 differences of day-temperatures.
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Tables 2.6 and 2.7 give the data for a11 the stations observed.

These tables as we11 as graph II.1 show up a decrease of mean
annua1 temperatures with increasing altitude.

The thermometric gradient in the who1e basin is approximate1y
0,63° e for 100 m difference of 1eve1. Above 1 700 m, the relation is not
so good since temperatures are affected by the position of the station with
regard to slopes.

The fluctuations of the mean month1y temperatures are given in
graph II.2 on which a double variation of tèmperatures appears. A first
maxinum in May for altitudes higher than 1 700 m and in March for altitudes
1ess than 1 000 m. A secondary maximum appears in Secondary or October for
a11 these stations. The coo1est months are December and January, during the
dry season.

As regards maximal temperatures, the highest are usual1y observed
during the 1ast months of the long dry season, in February and March. The
10west minimal temperatures genera11y occur in December or January. These
temperatures may be very 10w when altitude is high and above 2 500 m, they
are often under oOe during the winter months.

These differences of day-temperatures steadily vary during the year
from 20°C to 12°C with a minimum in the dry season (December and January).

TABLE 2.5

Lîst of the weather stations of the Meteoro10gica1 Service

Approximate eoordinates
Station altitude

in meters N Latitude E Longitude

DODOLA 2 540 6°58' 39° 1 l '

KOFELE 2 680 7°04' 38°47'

SIRE 1 980 8° 17' 39°29'

ASSELA 2 450 9°52 ' 39°08' 1
1

GOBA 2 740 7°0 l' 39°59' 1
1

DIRE DAWA 1 200 9°36' 41°52' 1

ALEMAYA l 2 125 9°00' 42°03'
HARAR 1 860 9°18' 42°05

1

KEBRI-DAHAR 420 6"45 ' 44° 1 l '

1
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TABLE 2.6

Temperatures in Oc
Meteorologieal stations of the Imperial Meteorologieal Service

Station J F M A M J J A S 0 N D Yearly
average

OODOLA (8 years)
mean T 14,5 13,8 14,6 15,4 15,7 14,7 14,1 14,1 14, 1 13,8 13,4 13,2 14,2
max T 24,5 23,8 24,7 25,0~ 24,7 22,5 22,5 21,8 22,1 23,5 23,6 23,7
min T 4,6 3,8 4,5 5,8 "58 4,8 5,7 5,7 5,8 4,8 3,3 !z! 4,8,

T max - T min 19,9 20,0 20,2 19,2 19,8 19,9 16,8 16,8 16,0 18,3 20,2 20,8 18,9

KOFELE (6 years)
mean T 13,6 14,4 14,7 14,8 14,6 14,9 12,9 13,3 13,7 13,5 12,5 12,8 13,8
max T 22,7 22,2~ 21,6 22,4 IT5 18,1 18,8 20,0 20,9 20,6 20,0 21, 1,
min T 4,6 6,7 6,3 8,0 6,8 7,3 7,8 7,8 7,4 6,1 4,3 lz2. 6,4

T max - T min 18, 1 15,5 16,9 13,6 15,6 14,2 10,3 Il,0 12,6 14,8 16,3 .!!d 14,7

SIRE (8 years)
mean T 16,3 17,0 18,8 19,8~ 19,5 17,9 17,8 17,7 17,3 15,5 16,3 17,8
max T 24,7 25,5 26,2 26,0~ 27,5 25,0 24,3 24,7 24,5 23,3 24,3 25,3
min T 7,8 8,4 Il ,5 12,7 12,8 Il,5 10,8 Il ,3 10,8 10,2 7,7 8,3 10,3

T max - T min 16,9 17, 1 14,7 13,3 15,3 16,0 14,2 13,0 13,9 14,3 15,6 16,0 15,0

ASSELA (5 years)
mean T 12,5 14,4 14,7 15,0~ 14,2 13,6 13,3 13,2 14,1 12,1 12,3 14,0
max T 20,3

~
21,5 21,8 22 1 20,0 18,4 18,1 18,2 20,3 18,4 20,4 20,2

min T 3,7 ,7 7,8 8,3 U 8,4 8,8 8,6 8,3 8,0 '5,8 4,3 7,3
T max - T min 17,6 15,4 13,7 13,5 13,4 Il,6 9,6 9,5 9,9 12,3 12,6 16,1 12,9

GOBA (12 years) 1
mean T 12,7 13,8 14,5 14,6~ 14,5 14,0 13,5 13,8 12,7 .!!t.Q. 12,9 13,8
max T 21,6 22,1 22,1 21,4 22,5 21,5 29,9 20,2 20,3 18,9 18,7 20,2 20,9
min T 1z! 5,5 6,8 7,8 """8;T 7, 1 7,2 6,8 7,4 6,8 5,4 5,7 6,6

T max - T min 17,8 16,6 15,3 13,6 14,4 14,1 13,7 13,4 12,9 12, 1 13,3 14,5 14,3

DIRE-DAWA (J 8 years)
mean T 20,7 22,1 23,8 25, J 27,7 27,5 2.6,3 27,5 26,3 24,9 22,4 20,7 24,5
max T 27,9 28,1 30,2 31,4~ 33,9 32,7 31,6 32,4 31,9 29,3 27,5 30,9
min T 14,6 16,0 17,5 19,5 m21,2 20,0 19,9 20,2 17,9 15,6 14,0 18,1 1

T max - T min 13,3 12,1 J2,7 11,9 13,1 12,7 12,7 11,7 12,2 14,0 13,7 13,5 12,8 1
i

ALEMAYA l (7 years) !
1

mean T ~ 15,4 J6,9 18,4~ 18,6 16,5 16,7 17,3 16,0 15,7~ 16,7 1

max T 21,4 22,1 23,4 23,8 24,7 24,5 21,8 22,2 23,0 23,3 22,8 21,5 22,9
min T 8,3 8,7 10,3 13, 1 "T"3:4 12,8 11, 1 Il ,3 Il,6 8,8 8,6 ..!d 10,5

T max - T min 13,1 13,4 13,1 10,7 Il,3 Il,7 10,7 10,9 Il,4 14,5 14,2 13,3 12,4

HARAR (5 years)
mean T 18,6 19,7 20,5 19,9 20,1 18,8 19,6 17,9 18,3 18,5 18,4 18,1 19,0

~
1

max T 24,5 25,6 24,8 25,5 23,7 24,4 22,3 23,2 23,9 23,8 23,5 24,3 ,

min T 12,7 '13,8 "ï4:6 15,0 14,7 13,9 14,9 13,5 13,4 13,2 13,1 12,7 13,8 1
T max - T min TI:8 Il ,8 Il ,9 9,8 10,8 9,8 9,5 8,8 9,8 10,7 10,7 10,8 10,5 i
KEBRI-DAHAR (9 years)

mean T 26,1 26,9 ~26,7 26,5 26,8 25,0 26,1 26,9 26,6 26,0 25,9 26,4
max T 33,8 35,1 34,8 32,2 32,5 32,5 28,7 31 , ~f 32,4 32,3 32, J 33,1 32,6
min T ~ J8,8 2o,812J ,2 20,6 21 , 1 21,2 20,8 21,5 20,8 20,0 J8,6 20,3

T max - T min 15,4 16,3 J4,Ol11,O Il ,9 JI ,4 7,5 10,6 10,9 11,5 12,1 14,5 12,3
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TABLE 2.7

Temperatures in Oc
Meteorological stations of the Imperial Meteorological Service

1 1 J

..
Yearly1 Station F M A M J J A S ° N D1
~verage1

!

ADABA ( 3 years)
mean T 13,2 13,6 13,8 14,3 l.W 14,4 13,4 12,7 13,4 13,2 Il,9 .!..!.2. 13,3
max T 22,5 23,4 22,2 ~2,3 23,2 2D ~0,7 19,9 20,7 20,9 21 ,7 22,5 22,0
min T 5,2 '""5;3 7,3 7,6 7,4 7, 1 8,2 8,1 7,7 6,7 3,1 0,9 6,2

T max - T min 17,3 18, 1 14,9 14,7 15,8 16,2 12,5 11,8 13,0 14,2 18,6 21,6 15,8

rICHO ( 3 years)

me an T 12,7 13,2 13,2 13,2 ~
, 13,6 13,0 12,8 13,0 12, 1 .!.!.zi Il,8 12,8

max T 19,8 20,9 19,6 20,0 20,7' 20,8 19.6 19.0 19,3 19,0 19,4 20,7 19,9
min T 6,5 "68 8,0 8,5 8,5' 7,7 8,0 8,0 7,9 7,2 5,0 4,0 7,2,

T max - T min 13,3 14, 1 Il,6 11,5 12,2' 13, 1 Il ,6 Il ,0 Il ,4 Il ,8 14,4 .!2.Ll 12,6

GIRAWA (3 years)

mean T 12,9 13,7 13,8 14,4 14,6 13,3 12,4 12,2 13,2 13,7 12,8 12,4 13,3
T 18,7 19,3 19, 1 19,3

~.

18, 1 17, 1 'ï"7:T 18,2 18,5 18, 1 18,0 18,4max ~:min T 9, 1 9,7 10,3 10,8 10,81 9,6 !z! 9,0 9,5 9,8 9,0 9,0 9,6
T max - T min 9,6 9,6 8,8 8,5 8,7i 8,5 8,3 8,1 8,7 8,7 9, 1 9,0 8,8,

MEDAGALOLA (3 years)

mean T 20,6 21,8 21,0 21,7 21,3 20,9 20,7 20,9 20,8 20,4~~ 20,8
max T 28,2 30,1 28,5 28,9 29,2: 28,0 27,4 27,8 f2 7.8 27,5 27,8 28,8 28,3
min T 15,2 14;6 16,0 17,0 16,2 16, 1 15,5 15,5 15, 1 15,5 13,5~ 15,3

T max - T min 13,0 15,5 12,5 Il,9 13,0 Il,9 Il,9 12,3 12,7 12,0 14,3~ 13,0

HAMERO-HEDAD (3 years)

mean T 25,2 25,8 26,9 26,8 26,2 26,4 126,5 125,5 ~6,7 25,4 24,5 23,4 25,8
max T 33,9 34,5 34,2 34,1 32,8 32,2 31,5 31,9 33,6 33,0 33,2 n:s 33,2
min T 17,2 17,4 19,3 19,7 19, 1 20,0 20,4 120,6 122,3 19,2 15,7 12,9 18,7

T max - T min 16,7 17, 1 14,9 14,4 13,7 12,2 11, 1 Il ,3 Il ,3 13,8 17,5 "26"6" 14,5
~

~ (3 years)

me an T 28,6 28,8 29,8 29,7 28,6 28,2 27,8 127,8 128,6 27,5 27,1 27,4 28,6
,~

~max T 35,2 36,1 36,4 35,8 33,9 33,4 32,9 33,0 34,0 33,2 35,0 34,4
min T 23,5 22,5 1'2"40 24,6 24,1 23,6 23,4 23,4 123,4 23,4 21,3~ 23,1,

T max - T min Il ,7 13,6 12,4 11,2 9,8 9,8 9,5 9,6 10,6 9,8 12,7~ Il ,3
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2.6 RELATIVE HUMIDITY

The averages of month1y relative humidity have been computed at
6 am, 12 am and 6 pm for five stations of the Meteoro10gica1 Service and for
six stations of the Project. Tables 2.8 and 2.9 present the resu1ts in per cents.

The relative humidity is maximum at 6 am and minimum at 12 am,
except for the stations in the South (Gode and Kebri Dahar) where the minimum
is recorded at 6 pm.

Relative humidity increases with e1evation.

Ou the upper basin (altitude higher than 1 700 m), relative
humidity presents a maximum in August, in the midd1e of the long rainy season
and a minimum at the end of the dry season (February-March).

In the midd1e Basin and in the Lower Valley, two maximums may be
observed corresponding to the two rainy seasons, the first in May, the second
in October. The minimal relative humidity a1so occurs in February-March.

TABLE 2.8

Relative humidity in %

Stations of the Imperial Meteoro10gica1 Service

Station Time J F M A M J J A S 0 N D Year1y
Average

GOBA 06 78 77 74 83 82 80 83 : 85 86 85 87 81 70-- 12 48 49 50 61 59 56 63 62 64 65 67 54 58
(7 years) 18 56 54 59 71 71 71 72 77 79 76 73 64 69

ALEMAYA l 06 74 74 79 73 83 79 83 1 84 82 77 72 75 78
12 59 61 60 59 61 62 68 74 69 49 60 55 61

(5 years) 18 63 62 71 62 66 67 7D 75 71 53 65 62 66

DIRE-DAWA 06 74 69 64 66 57 58 61 63 59 55 59 63 62

(8 years)
12 50 48 46 48 37 38 43 47 43 35 41 43 43
18 47 46 47 51 40 40 45 51 49 37 42 42 45

JIJIGA 06 76 68 68 75 80 74 78 78 75 71 70 74 74

(7 years)
12 53 51 45 53 54 57 64 63 57 52 44 53 54
18 58 51 49 61 60 60 63 63 64 61 56 62 59

1
KEBRI-DAHAR 06 72 72 73 78 82 77 77 74 75 84 81 179 77

(11 years) 12 51 48 50 59 64 61 60 57 56 62 58

I~~
56

18 45 42 43 54 59 49 53 52 52 60 55 51
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TABLE 2.9

Relative humidity in %

Stations of the Wabi Shebe11e Project

Station Time J F M A M J J A S ° N D Year1y
average

ADABA 06 86,7 83,7 .§hI 83,8 87,5 89,0 91,0 90,7 88,5 191 .3 89,8 87,8 87,6
12 52,3 47,2 55,7 55,7 52,9 55,4 64,7 70,4 69,6 65,6 54,6 47,4 57,6

(3 years) 18 59,3 51,9 65,8 66,7 63,3 65,1 81,2~ 75, 1 68,0 58,7 50,4 65,7

TICHO 06 85,2 81,5 87,3 89,5 87,6 89,5 92,2 llJ. 91,0 88,4 84,4 76,6 87,2
12 67,8 62,5 72 ,6 71 ,8 66,0 67,3 78,4 lia..§ 73,7 72 ,0 64,6 .2Y 69,5

(3 years) 18 73,5 70,3 80,4 82,1 76,7 73,8 85,1 84,6 83,2 85,6 76,7 63,6 78,0

GIRAWA 06 68,8 61,0 72,5 81,5 82,9 94,7 93,0 !l!W 93,2 75,2 65,6 54,7 78,2
12 52,3 47,0 57,7 65,3 68,9 79,5 84,5~ 79,0 62,9 54,6 46,0 65,5

(3 years) 18 63,3 53,0 61,9 65,7 69,1 79,3 81,5 84.6 74,4 61 ,6 55,6 55,1 67,1

MEDAGALOLA 06 76,8 72,8 80,6 85,2 87,9 87,9 89,0 89,3~ 84,0 75 ~3 64.6 82,1
12 51,4 45,0 53,7 51,5 64,8 66,7 68,1 lW 70,2 49,5 50,6 .~ 57,5

(3 years) 18 54,7 45,8 54,1 59,8 70,1 64,3 62,1 67,7 70,3 61,3 52,0 50,0 59,4

HAMERO-HEDAD 06 ..1.4Q 73,8 81,5 82,9 86,2 83,5 80,8 80,0 83,3 86.6 83,2 82,0 81,2
1 12 53 ° 55,9 61,0 62,0 66,6 67,2 69,8 l.!i.J... 71 , 1 70,0 65,5 60,3 64,7

(3 years) 18 i.W 54,7 62,0 64,4 64,7 68,3 71,2~ 72,6 72,9 67,3 60,9 65,3

GODE 06 63,9 60,2 66,5 75,2 79,9 71 ,6 67,6 65,5 66,5 80.7 74, 1 62,4 69,5-- 12 42 4 40,9 45.4 50,1 53,1 50,5 48,4 45,4 47,1 57.6 53,0 42,7 48,0
(3 years) 18 31,9 .2..2...2 34,7 45,9 53,0 44,5 43,1 43,0 41,9~ 45,2 33,5 41,5

2.7 EVAPORATION

The on1y avai1ab1e evaporation data concern the six weather stations
of the Project. These stations on1y provide recordings for three years and
a ha1f. They are equipped with a c1ass A evaporation pan (surface : 1 m2)
and a she1tered Piche evaporometer. The average data computed from these
recordings (3 1/2 years) are given in table 2.10.

The annua1 depth of evaporation measured on the Piche evaporometer
is systematica11y sma11er for a11 the stations than that measured on pan.
It is however impossible to find a relation between the resu1ts achieved and
these two different instruments. Under these conditions, the resu1ts of
evaporation pan shou1d be used to estimate evaporation on a large free ground
water table.
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The annua1 depths of evaporation decrease very distinct1y
with e1evation under the influence of various c1imatic factors. The
difference between the maximal and minimal values observed attains
1 800 mm (1 411mm of annua1 evaporation at Ticho and 3 203 mm at Gode).
These resu1ts show that the mean evaporation gradient for the basin
corresponds to 70 mm for each difference of 1eve1 of 100 m.

TABLE 2.10

Evaporation on pan in mm (average data for 3 years)

1

Station J F M A M J J A S 0 N D Total for
the year

ADABA 147 149 165 155 168 154 118 118 127 148 165 179 1 793-
TICHO 114 129 110 117 131 121 109 109 103 98 132 138 1 411-
GIRAWA 195 173 152 134 162 121 102 109 99 121 152 181 1 701

MEDAGALOLA 189 189 184 195 158 150 138 145 148 142 169 188 1 995

RAME RO-HEDAD 270 260 301 264 226 243 257 270 288 208 222 251 3 060-
GODE 336 325 1343 271 254 310 349 375 363 242 262 323 3 203-- -

Evaporation on Piche in mm (average data for 3 years)

Station J F M A M J J A S 0 N D Total for 1

the year 1

1

ADABA 134 131 126 94 104 91 49 48 72 107 153 183 1 292 1
1- 1

TICRO 75 89 59 46 68 61 43 40 51 57 81 100 770- -
GIRAWA 109 113 98 77 68 35 30 27 46 92 136 152 983- -
MEDAGALOLA 218 217 156 117 121 130 145 137 111 126 178 280 1 936- -
RAME RO-HEDAD 200 184 159 137 146 165 214 171 194 156 201 251 2 178-- -
GODE 262 272 240 178 183 268 324 323 356 168 181 238 2 993-

1

N.B. The month1y resu1ts for a11 the observation period are avai1ab1e
in annexe II (table 2.20) -
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Monthly evaporation varies with elevation. This may be observed
on graph 11.3.

For the stations located above 1 400 m, minimal'evaporation
occurs during the long rainy season in July-August and September and is
approximately 3,3 to 4,5 mm per day.

For the stations below 1 400 m, the very distiuct scission between
the two rainy seasons gives two minimums, the first in May and the second
in October. The mean minimal data fluctuate from 6,7 to 8,0 mm per day. This
is also true for maximums : the first in March and the second in September
or October, the maximal data being from 9,7 to 12,0 mm per day.

The preponderating influence of the high South-West wind on the
second maximum evaporation mustbe noted.

In order to estimate the evaporation los ses on a large free water
surface, a reduction factor taking into account the geographical position
of the station must be used when computing the results. It appears from the
surveys carried out in West Africa, that a reduction factor of 0,8 could
be applied for the part of the basin located in an arid zone (êlevation
higher than 1 400 meters).

Taking into account these reduction factors we have computed
the mean monthly data acceptable for the dam-projects at Malka Wacana and
at the entrance of the Lower Valley. These data given in mm per day are
presented in the following table. For the Malka-Wacana dam, they were achieved
at the Adaba station 25 km away from the site and for the other dam, at the
Hamero-Hedad station 60 km to the North.

Evaporation in mm/day
Dam

J F M A M J J A S 0 N D

MALKA-WAKANA 4,1 4,5 4,6 4,3 4,6 4,3 3,4 3,3 3,6 4,1 4,4 4,8

Entrance of the
7,6 5,4 5,9 6,5Lower Valley 7,0 7,4 7,7 7,1 5,8 6,5 6,6 7,0

The evaporation data thus obtained are respectively 1 500 and
2 400 mm for each dam.

2.8 RAINFALL CONDITIONS

2.8.1 Annual depth and monthly distribution of rainfall (see map III)

In order to characterize the annual depth of rainfall on the basin,
all the data were collected from the rain-gauging stations presenting long
enough observation periods. Apart from the three stations of Dire-Dawa, Harar
and Baeacsa presenting records anterior to 1938, most of the Meteorologieal
Service stations only started operating between 1953 and 1956. Besides, all
the records are incomplete and finally, only few data are available and
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correspond for each station to very different periods. In order to acquire
more data for a common period, an altempt was made to relate the annual
depth observed at stations prcscnting the longer series of data (Dire
Dawa, Bacacsa, Harar Jijiga) llith the annual depths of the station of
Addis-Ababa (61 years recordings). The results are scarcely significant
and do not provide a better knowledge of rainfall from year to ycar. This
absence of a characteristic relation may be due to the influence of relief
and to the long distance between the stations of the basin and those of
Addis-Ababa. Nevertheless, the type of rainfall at Addis Ababa is similar
to that of the High Plateaus of the Basin. In paragraph 2.8.2 may be
found the characteristic statistical distribution data of the series of
annual rainfalls observed at Addis-Ababa.

The long-term average data for 21 stations in the basin or its
outskirts are given in table 2. Il. They are computed from unprocessed data
and may only be used for guidance, considering the incompleteness and
variable character of observation periods. In this table, only 8 stations
present observations for at least ten years. Most of the stations are
located at the Northern limit of the basin above 1 750 m ; 4 stations unly,
presenting less than 8 years observations, are located in the Southern
part of the basin. For aIl the central part, no observation point exists.

Owing to the low density of rain-gauge stations in the basin-area,
to the very broken-up relief and to the short number of data collected, it
is impossible to draw up a long-term isohyet system as the latter would be
too inaccurate. Consequently, the basin was merely divided into large
areas, each area presenting homogeneous features as regards annual depth
and monthly distribution.

In order to characterize the monthly distribution of rainfall
on the basin, the monthly coefficients were computed in percentage of the
mean annual rainfall. These coefficients are presented in table 2.12.

Five large zones with homogeneous rainfall were determined from
observations previously made during the Project survey~ and also taking
into account the relief of the basin. These zones may be seen on map III
at 1/2 000 000 added to this report. For each zone, one or several graphs
represent the monthly distribution.

a) - Zone l : It occupies the large volcanic groups and the high surrounding
plateaus, around the Arena mountains and the Ticho and Minne-Gololcha
mountains.

The mean depth of rainfall varies from 1 300 to 1 800 mm with
the elevation and direction of slopes. Rainfall is uninterrupted from
March to November. The short intermediate dry season is practically
inexistent. The dry season occurs in December, January and February. This
is a mountainous tropical climate.

b) - Zone II occupies the high basaIt plateaus of Arussi, BaIe and Chercher
bùt the Guedeb plain is included in zone III. The annual depth of rainfall
varies from 1 300 to 900 mm and is distributed in two seasons : a short
season in March, April and May and a second longer season in July,
August, September and October. These two seasons are separated by a smàll
dry season in Mayor June. The long dry season lasts four months from
November to February. This type of distribution characterizes an equatorial
transition climate.
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TABLE 2. Il

Mean annua1 depth of rainfa11 (mm)

Coordinats. J Observation NlUD.ber of years Mean

Station Elevation period of complete annua1
(m) N latitude 'E longitud observations rainfall

i

1

,

1KOFELE 2 680 l 7°04' 38°47' 1955-1970 5 1 095
1

;,
ADABA 2 480 7°00 ' 39°16' 1955-1970 10 804

1 2 450 9°52' 39°08 ' 1958-1970 7
1

216AS SE LA
~ 1

GOBA 1 2 740 7°0 l ' 39°59' 1953-1971 14 914
,

6°58' 39 ° Il 'DODOLA 1 2 540 1954-1966 3 842
!

SIRE 1
1 980 8°17' 39°29' 1953-1968 3 936 !GOLOLCHA 1 500 8°12' 40°04' 1930-1940 7 1 194 ,

BACACSA 1 600 8°34' 40°12' 1920-1934 13 1 730

MINNE 1 700 8° 19' 40°02' 1930-1934 5 1 713

GELEMSO 1 800 9°20' 40°30' 1953-1971 10 1 143

DEDER 2 340 9°18' 41°18' 1955-1971 13 1 083

DIRE-DAWA 1 200 9°36' 41°52' 1931-1937 26 6171953-1971

ALE~,AYA 2 125 9·00' 42·03' 1960-1969 6 857

HARAR 1 860 9° 18' 42°05' 1914-1939 18 8801962-1971

FUGNANBIRA 2 050 9°22' 42°16' 1957-1971 6 611

BAB ILE (1 65O) 9°15' 42°18' 1938-1939 4 6281970-1971

JIJIGA 1 645 9°20' 42°44' 1952-1971 13 672

DEGAHBOUR 1 130 8° 13' 43°33' 1955-1971 5 314

KEBRI-DAHAR 420 6° 45' 44° Il ' 1958-1971 8 277

GODE 260 5°58' 43°30' 1967-1971 5 335

KELAFO 230 5°36' 44°08' 1957-1971 6 210
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TABLE 2.12

MOnthly coefficients of rainfall in % of the annual total rainfall

:
,

Annual
Station J F M A 1 M J J A S ° N D rainfall

, in mm
i

KOFELE 2,3 3,5 8,7 12,91 6,9 8,7 12,8 112,9 14,6 9,1 5,5 2, 1 1 095
1

ADABA 0,9 3,5 6,3 7,9 4,0 7,7 22,4 21,0 13,9 6,7 3,4 2,3 804

ASSELA 2,3 1,0 7,7 3,6 7,9 Il ,4 15,5 18,5 21 , 1 5,0 4,8 1,2 1 216

GOBA 1,4 3,4 3,3 16,8 10,7 4,5 Il ,3 15,0 10,4 11, 1 9,8 2,3 914

DODOLA 3,0 3,5 5,5 10,2 4,5 8,9 20,6 19,5 12,8 6,7 2,5 2,3 842

SIRE 0,4 1,0 9,2 9,3 5,9 9,4 16,9 21,3 17,8 5,3 3,0 0,5 936

GOLOLCHA 5,9 A,3 Il ,8 9,5 8,7 Il,4 13,7 Il ,3 Il ,2 7,8 3,3 1, 1 1 194

BACACSA 2,3 3,4 8,0 Il ,3 15, 1 10,4 12, 1 10,9 Il ,8 7,4 5,8 1,5 1 730

MINNE 5,8 4,9 12,3 Il ,8 7,2 9,6 13,7 7,8 13,0 7,4 4,4 2, 1 1 713

GELEMSO 2,2 2,3 6,1 15,4 8, 1 10,0 18,3 12,7 14,2 5,3 3,9 1,5 1 143

DEDER 2,5 2,6 7,5 12,8 4,3 8,9 19,2 21,6 16,0 3,2 1,2 0,2 1 083

DIRE-DAWA 3,0 7,0 8,5 13,5 4,3 3,5 17,5 24,8 10,9 1,7 3,7 1,6 617

ALEMAYA l 3,7 1,8 8,9 Il ,3 8,2 7,5 17,6 17,8 14,8 4,8 1,9 1,7 857

HARAR 1,2 3,6 6,8 12,3 13,6 Il ,4 16,0 15,3 Il ,° 5,2 2,6 1,0 880

FUGNANBIRA 2,7 2, 1 5,2 13,7 Il ,° 7,6 14,9 17,1 14,8 6,9 4,0 ° 611

BABILE 1,9 5,9 5,7 10,0 9,7 10,7 19,0 15,2 Il ,3 8,1 2,4 0,1 628
1

i JIJIGA 1,4 1,8 5,6 13,5 Il ,4 9,8 Il,3 19,4 12, 1 9,4 2,9 1,4 672

1 DEGAHBOUR 1,7 ° 8,7 19,0 23,7 7,5 0,9 3,4 12,8 18,0 4,1 0,2 314
1 KEBRI-DAHAR 0,7 1,0 10,9 26,5 19,5 ° 0,4 0,1 2,5 27,9 9,6 0,9 277i
! GODE ° 2,9 5, 1 23,6 23,4 0,2 ° ° ° 25,2 17,9 1,7 335

KELAFO ° ° 1,5 34,9 16, 1 ° 0,4 ° 1,8 19,9 22,9 2,5 210
1

,
1
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c) - Zone III occupies the Guedeb plain which is hemmed in by mountains
and receives but a smal1 amount of rainfa11.

The annua1 depth of rainfa11 varies from 900 to 700 mm. The
distribution of rainfal1 is identica1 to that of zone II but with a
1ess abundant first rainy season. This is a1so an equatoria1 climate of
Northern transition type.

d) - Zone IV continues zone III to the South and occupies the Northern area
of the 1imestone plateau as we11 as the granite group of Harar.

The annua1 depth of rainfa11 varies from 900 to 500 mm and
decreases with e1evation from North to South.

The two rainy seasons are separated by a short dry season in
June which grows longer as one goes Southwards. This is an equatoria1
c1imate of Northern transition type.

e) - Zone V occupies a11 the Southern area of the basin.

The annua1 depth of rainfa11, from 500 to 150 mm decreases
from the North to the South and this zone distinct1y tends to aridity.

The two shorter rainy seasons (two months each) are equa11y
abundant and are separated by two dry seasons of equa1 1ength. The first
rainy season always occurs in April as in the Northern part of the
basin and the second occurs 1ater in October and November.

This distribution of rainfa11 allows to consider that this
zone presents an arid equatorial c1imate.

From these general considerations on rainfa11, the fo110wing
conclusions MaY be drawn :

a) The relief plays a preponderabing part on the annua1 depth of
rainfa11. To this relief is due the high rainfal1 gradient in a11 the basin.
In fact, the annua1 depth of rainfa11 varies from 1 900 mm on the highest
pèaks to ISO mm in the Southern extremity of the Lower Valley. The distribution
of rainfal1 which main1y depends on the movement of air-masses is a1so
modified by the presence of a mountainous relief. The long and single rainy
season on high mountain peaks is gradua11y rep1aced with two short and very
distinct rainy seasons in the Southern part of the Basin.

b) The wettest zones with a rainfa11 greater than 900 mm (zones land
II) on1y occupy 15 per cent of the entire basin. Nonethe1ess, these zones
condition the abundance of runoff in the basin of the Wabi Shebe11e.

The map of zones presenting homogeneous rainfal1 and the p1animetric
map on which the limits of catchment basins are shown give a first schematica1
vision of the amount and periods of runoff for each basin. The tributaries
of the upper basin down to the Errer have part of their drainage basins inc1uded
in zones l and II, hence they are the most abundant and present a permanent
runoff. The basins of the tributaries of the Wabi Shebe11e, downstream from the
Errer and the Fafen basin, stretch in zones IV and V and are therefore not so
abundant. Runoff takes place during two distinct periods separated by a
drying-up periode
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As a rule, the abundance of runoff decreases from the upstream
part to the downstream part of the basin.

2.8.2 Interannual variability of rainfall

The study of the statistical distribution of annual rainfall is
available for seven stations presenting complete recordings for at least
10 years.

These seven stations are, as follows :

Zone l Bacacsa (13 years)

Zone II Deber (13 years)
Goba (14 years)

Zone III Adaba (1°years)

Zone IV Dire-Dawa (26 years)
Harar (18 years)
Jijiga (13 years)

No data for long enough periods are available for zone V.

Table 2.13 sums up the characteristic data of the distribution of
annual rainfall for the seven stations.

TABLE 2.13

Characteristic data of the statistical rainfall distribution

, 1 Standard Noticeable values for F-i D' t 'b t' fMean annual Variation1S r1 u 10n 1
Station law

1 rainfall deviation coefficient 0,90 1 0,80 0,20 0,10(mm) (mm)

BACACSA GAUSS 1 730 303 0,18 1 341 1 475

1

1 985 2 118

DEDER GAUSS 1 083 132 0,12 913 971 1 194 1 252

GOBA GAUSS 914 145 0,15 729 792
1

1 036 1 100

ADABA GAUSS 804 154 0,19 607 674 933 1 001

DIRE-DAWA GAUSS 617 130 0,21 451 508 726 783

HARAR PEARSON III 880 261 0,30 586 671 1 075 1 202

JIJIGA PEARSON III 672 211 0,31 443 510 825 924
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The sma11 number of recordings studied a110ws to give on1y a
very approximate value to the figures presented in this tah1e. The dis
tribution curves fitted to the recordin'gs are the usua1 curves as regards
zones l, II and III, and the Pearson III 1aw for zones IV (except for Dire
Dawa) .

Neverthe1ess if one refers to the rain-gauge station of Addis
Ababa for which 61 observation-years are avai1ab1e, ît seems that the
annua1 depths of rainfa11 on the High P1ateaus a1so obey a dissymetrica1
1aw of the Pearson III type. The assymetrica1 character of distribution
gradua11y increases when the annua1 depth of rainfa11 decreases.

For guidance, the typica1 values of the rainfa11 distribution
at Addis-Ababa computed from the samp1es for 61 years (1898 to 1971)
are given be10w. Though there is no distinct relation to the rain-gauge
stations of the Wabi Shebe11e, these data give an idea of the interannua1
irregu1arity on the High P1ateaus.

Adjustment 1aw Law Pearson III

Average 197 nm

Standard deviation 220 tmll

Coefficient of variation 0,18

Wet 100 year frequency 750 tmll

Wet 10 year frequency 477 um

Median frequency 197 um

Dry 10 year frequency 933 tmll

Dry 100 year frequency 756 tmll

The interannua1 variation of rainfa11 may be characterizad by the
coefficient of variation which is the ratio between the standard deviation
and the mean annua1 rainfa11.

In zones l, II and III the coefficient of variation is between
0,15 and 0,20. It increases in zone IV where it is approximate1y 0,30.
In zone V, representative rain-gauge stations presenting long enough
observation periods do not exist. However, an examination of the records
avai1ab1e at four stations tend to prove that the interannua1 irregu1arity
is still greater. For these four stations, the maximal and minimal depths
are given be10w with references as to the observation periods.

Degahbour (5 years) maxR .. 393 DDD', min R .. 226 mm

Kebri-Dahar (8 years) max R ... 469 mm, min R .. 156 mm

Gode (5 years) max R .. 431 um, min R .. 292 mm

Ke1afo (6 years) max R .. 292 mm, min R CI 99 mm.

The coefficient of variation is probab1y between 0,40 and 0,50.
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Daily rainfall-

a) Character and intensity of rainfall .

. The characteristics of rainfall vary with the various zones
presenting homogeneous rainfall.

In zones l, II and III corresponding to the wettest high re
gions, the most frequent rains present a monsoon type characterized by
a very long storm body and a weak intensity which seldom exceeds 50
mm/ho These monsoon rains may be interrupted by swifter and more vio
lent rainstorms. The latter present a relatively short intense body
(thirty minutes to one hour) followed by a slower tail which sommetimes
lasts several hours. The typical hyetographs of these two types of rain
are represented on graph II 4. They are derived form rainfall recordings
from the Ticho station.

In zones IV and V, daily rainfall consists of intense rains
torms with a body lasting from thirty minutes to two hours and a very
weak tail. The typical hyetographs of these zones concerning the Hamero
Hedad and Gode stations are presènted on graph II.5.

The variation of the ratio intensity-duration may not be known
accurately since rainfall recordings for a long enough period are lacking.
A qualitative information may be gathered from the five recording rain
gauges of the Project : rainfall intensity increases when annual rainfall
decreases, for equal daily rainfall depths.

b) Mean monthly and annual number of rainy days.

Table 2.14 sums up the mean monthly and annual number of rainy
days for 16 rain-ogauge stations of the basin. The data where computed using
aIl the complete monthly recordings available for periods stretching from
5 to 22 years.

This table shows that, in zones II and III corresponding to the
High Plateaus, the annual number of rainy days is approximately 150 days
in Arussi and BaIe and only 110 days in Chercher.

From the observations made at the rain-gauge stations of the Project,
this number should be approximately 200 days in zone 1;

In zone IV and V, this number gradually decreases from 100 to
20 days as one goes Southwards.

c) Exceptional rainfall for 24 hours

It is relatively difficult to determine daily rainfall presenting
an exceptional frequency since only one rain-gauge station in the basin
!Jijiga) has complete daily recordings concerning an adequate number of
years. The station of Addis-Ababa, though it is outside the basin, may
nevertheless be useful for the characterization of exceptional rainfall on
the High Plateaus since it is located at a comparable altitude (2 450 m) and
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TABLE 2.14

Mean monthly and annual number of rainy days

Annual
Station J F M A M J J A S 0 N D total

number

Zone II

KOFELE 6 9 12 15 17 21 26 25 27 15 10 4 187

SIRE 3 2 8 9 6 12 17 19 19 5 3 1 104

ASSELA 5 10 12 10 10 19 24 25 21 9 6 1 152

GOBA 3 5 10 16 13 12 16 18 20 16 13 4 146

GELEMSO 3 3 8 12 11 14 18 14 17 9 4 2 1 15

DEDER 3 4 8 13 6 10 17 18 16 5 3 1 104

1
Zone III

1

ADABA 4 4 10
1

13 11 14 26 26 22 8 6 2 146

DODOLA 6 5 8 : 15 8 15 23 24 20 11 6 4 145
1

1

Zone IV
1

HARAR 2 4 6 11 11 11 15 17 15 6 3 1 102

DIRE-DAWA 2 4 6 9 3 4 11 14 9 2 2 1 67

JIJIGA 2 2 5 '10 9 8 10 13 12 4 3 1 79

FU.GNANBIRA 2 3 4 8 7 6 12 12 11 4 2 1 72

Zone V

DEGAHBOUR 0 1 4 8 8 2 1 1 6 7 2 1 41

KEBRI-DAHAR 0 0 1 7 4 0 0 0 1 8 3 1 25

GODE 0 1 2 7 4 0 0 0 0 8 5 1 29

KELAFO 0 0 1 4 4 0 0 0 1 5 4 1 20

-
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presents the same rainfa11 characteristics : interannua1 depth : 1 200 m,
month1y distribution, number of rainy days and identica1 nature of rains.
Consequent1y, the statistica1 distribution of dai1y rainfa11 was studied
at these two stations. The fitting of a truncated frequency curse of Pear
son III to the c1assified recordings of dai1y rainfa11 give the fo110wing
resu1ts :

! Number Dai1y rainfa11 in mm of recurrence interva1s
Station

of years 1 year 2 years 5 years 10 years 20 years 50 years 100 years

ADDIS- 25 43,5 50,0 55,5 63,8 69,9 76,2 84,4ABABA years

JIJIGA Il years 51 ,2 61 ,6 74,2 84,5 95,0 95,0 120

The resu1ts obtained through the fitting of a frequency curve of
Pearson III compared with the observation data for the same recurrence
interva1s show that this curve presents slight1y 10wer values for Addis
Ababa. A better fitting might have been obtained with a truncated 10g
normal 1aw.

By using the depths of rainfa11 observed during 25 years at
Addis-Ababa, the fo110wing resu1ts are achieved

Annua1 dai1y rainfa11 45,6 mm

once in two years 53,0 mm

once in five years 60,8 mm

once in ten years 72,6 mm

We will adopt these data.

In order to evo1ve the meaning of these resu1ts compared to those
concerning the basin in genera1, the maximal rainfa11 recording were used
for 15 stations of the basin corresponding to 12 to 22 observation years.
These rainfa11 depths are presented in table 2.15 and the reference period
is a1so mentioned. These data are on1y for guidance as many gaps exist and
the values observed· are probab1y often 10wer than the rea1 maximal rainfa11
for the same period.

It may be noted" after considering the data presented in the table
and the observation periods, that the dai1y rainfa11 for a determined
recurrence interva1 tends to increase from the West to the East of the Basin.

The stations on the High P1ateaus of Arussi and Ba1e present sma11er
dai1y rainfa11 depths than at the stations of the Chercher p1ateaus and of
zones IV and V.
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In a first approximate estimate t it seems that the dai1y rainfa11
data for a given recurrence interva1 obtained at Addis Ababa may rough1y
be app1ied to the High P1ateaus of Arussi and Ba1e (zones l and III and
Western part of zone II)t and that the dai1y rainfa11 depths for Jijiga may
be considered as va1id for the rest of the basin.

2.8.4 Rainfa11 1969 to 1972

Tables 2.16 t 2.17 and 2.18 sum up the observations made at the
rain-gauge stations of the Project during the three water-years : 1969 
1970 t 1970 - 1971 and 1971 - 1922 : a water-year stretching from February
to January. For these tab1es t the stations are c1assified according to the
areas presenting homogeneous rainfa11 such as has been previous1y described.

These observations enab1e to draw annua1 isohyets for the three
years (maps IV t V and VI added to this report). From these isohyets the mean
annua1 rainfa11 was computed for each basin. The resu1ts are given in
table 2.19.

The 1ack of serious information concerning annua1 rainfa11 does
not a110w characterizing the rainfa11 of these three water-years compared
to the long-term average rainfa11.

Comparing these three water years to one another brings out the
fo11owing qualitative features :

- Rainfa11 for 1969 - 1970 and 1970 - 1971 is comparable.

- Rainfa11 for 1971 - 1972 is 1ess (10 per cent) than during
the first two water-years.

- The dry season of the 1970 - 1971 water-year was very pronounced
throughout the basins and 1asted approximate1y four who1e
rnonths.
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TABLE 2.15

Maximal rainfa11 for a 24 hours period

Station Maximal dai1y rainfall Observation periods Annua1
in mm (gaps inc1uded) total of yean

Zone II

KOFELE 58,0 1955-1970 14

SIRE 76,0 1953-1968 15

ASSELA 80,0 1958-1970 11

GOBA 56,2 1953-1971 17

GELEMSO 116 1953-1971 14

i DEDER 98,0 1952-1970 15

Zone III

ADABA 100 1956-1971 13

DODOLA 55,0 1954-1966 13

Zone IV

j HARAR 100 1923-1940 1955-1970 22
i

i DIRE-DAWA 73,0 1952-1971 20

1 JIJIGA , 105 1952-1971 20

1 FUGNANBlRA 117 1954-1971 16
1
1

Zone V

DEGAHBOUR 89,0 1954-1971 13

KEBRI-DAHAR 90,0 1957-1971 13

KELAFO 54,0 1954-1971 12



TABLE 2.16

Monthly and annual rainfall (in mm)

Water-year : 1969-1970

Station F M A- M J J A S ° N D J Annua1zone
total R.

1 BOKOJI 126,5 119,2 83,7 47,6 142,9 251,0 351,9 91,3 24,6 15,6 0,3 136,8 1 391,4
TICHO 424,2 334,4 164,6 78,1 108,8 151 ,4 131 ,6 95,2 36,4 53,6 ° 202,6 1 780,9
GOBESSA 256,8 305,1 156,5 59,8 73,2 135,5 162,9 93,7 46,.0 52,7 ° 195,2 1 537,4
AGAFRA 126,1- 108,9 98,6 87,2 62,6 124,4 82,2 93,5 22,1 76,8 ° 143,4 1 026,4
CARA-BIROLE (1 350)
STELLA-UGUE (1 600)
GOLOLCHA j191,2 98,7 231,5 161,2 164,5 237,7 117,9 93,9 17,7 85,5 (1 400)

II IBANO 157,9 123,2 127,6 188,1 (127,1) 115,2 81,3 58,7 94,1 14,9 198,9 (1 400)
KORE 142,6 168,0 95,1 34,7 79,8 217,5 155,0 174,4 48,6 26,5 8,3 63,6 1 214, 1
MERARO 117,9 79,9 105,5 44,7 77,5 161,4 210,6 Il 1,2 12,4 15,2 ° 84,1 1 020,4
INDETU 123,9 78,9 126,6 143,6 60,1 145,0 110,4 62,7 11,9 38,7 ° 85,5 987,3
SADIKA 90,0 109,2 127,9 97,6 64,6 138,4 120,8 83,9 15,5 58,5 ° 11,3 917,7
SERU 252,9 109,7 143,7 200,4 77,0 105,8 57,4 156,1 40,8 58,5 ° 125,0 1 327,3
RDBI 206,4 122,7 101,7 92.,3 133,1 123,8 131 ,6 102,2 17,4 36,4 ° 113,3 1 180,9
GASSARA 71,3 94,9 127,6 146,0 156, 1 73,2 75,0 123,8 59,3 47,5 ° 72,2 1 046,9
SEBRE-DOLLO 136,9 88,0 153,9 184,4 88,8 56,2 51,2 178,2 76,1 62,9 1,3 75,7 1 153,6
GINIR 125,2 70,5 92,1 121,8 29,0 5,2 5,9 62,8 134,8 109,5 ° 123,7 881,0
DJARA 57,8 58,9 131,4 155,9 43,3 53,5 28,5 115,0 49,3 ° 38,5 83,8 815,9
MECHARA 116,6 115,6 102,5 139,9 102,8 110,5 84,6 106,5 25,3 26,3 ° 157,1 1 087,7
GELEMSO 129,5 71,8 139,5 176,9 47,2 175,4 102,4 131,5 22,5 8,0 ° 148,2 1 152,9
BEDESSA 131 , 1 141,4 131,3 184,4 71,4 185,4 118,5 79,1 26,0 21,8 ° 32,3 1 122,7
HIRNA 43,0 84,9 88,6 74,8 47,7 124,2 198,1 234,9 2,5 ° 0,5 15,7 914,9
BURKA 56,8 94,7 32,5 68,9 46,3 63,2 20,3 ° 3,0
DE DER 90,0 87,5 100,8 131,7 39,7 170,6 244,2 73,4 35,5 ° ° 58,0 1 031,4
BEDENO 73,8 91,5 215,1 74,3 157,2 72,3 193,7 99,8 47,3 6,0 1,6 59,5 1 092,1
GlRAWA 121 ,2 91,9 112,7 74,3 r 85,2 132,3 230,5 51,3 29,2 10,2 ° 72,7 1 011,5\ 1

1
1

1

00
w



TABLE 2.16

Monthly and annual rainfall (in mm)

Water-year: 1969-70

Zone Station F M A M J J A S 0 N D J Annual
Total R.

III ASSASSA 130,3 35,3 31,8 25,9 59,4 192,7 161,7 29,3 8,1 1,7 11,5 102,8 790,4
ADABA 4,2 26,8 97,3 45,1 58,7 162,7 155,7 60,8 8,4 7,9 1, 1 105,4 734,1

IV SHEK-HUSSIEN 113,8 69,7 101,9 146,1 91,9 21,9 20,5 46,0 27,2 43,3 0 77 ,0 759,3
COMBOLCHA 85,5 35,4 89,8 53,7 68,2 87,6 150,5 83,7 9,4 14,1 0 71,7 749,6
HARAR 76,4 96,8 54,6 42,8 87,5 131,4 82,7 9,0 Il,2 0 71,5 (664)
BABILE 106,9 32,8 76,5 36,0 124,0 92,0 124,0 91,0 14,0 0 0 40,0 737,2
FADIS 145,7 78,8 116,5 102,1 44,2 51,6 105,3 45,2 14,7 9,0 0 84,4 797,5
JIJIGA 69,8 48,5 83,3 49,3 45,9 85,1 59,5 18,2 14,0 6,5 0 28,2 508,3
FUGNM-TBIFÂ 141,5 20,8 25,6 28,8 97,8 64,7 101,3 69,4 0,6 2,0 73,2 37,3 663,0
MEDAGALOLA 76,4 65,3 54,6 103,9 70,3 55,5 55,7 79,8 57,3 49,5 0 96,3 764,6
KEBRI-BEYAH 80,0 14,0 38,2 61,5 37,3 23,9 69,3 64,3 35,7 0 5,2 55,8 485,2

V FIl< 89,5 51,7 100,5 137,8 100,5 5,4 0 15,6 104,8 24,7 0 43,1 673,6
DEGAHBOUR 67,9 41,0 12,4 46,1 0 0 0 31,8 5,0 0 0
DEGAH-MEDO 69,4 10,2 28,1 80,8 4,0 0 3,8 28,0 39,0 56,7 0 21,5 341,5
SEGEG 24,9 37,4 19,4 83,2 0 0 0 14,0 0 86,9 0 28,0 293,8
DUHUN 0,4 0 0 22,8 44,5 44,9 0 15,5
RAME RO-HEDAn 35,1 20,5 20,1 60,4 5,5 2,3 0 10,4 41,8 7,8 0 32,9 236,8
IMI 3,4 29,9 3,4 34,7 0 0 0 0 30,4 38,5 0 6,2 146,5
DANAN 8,6 37,7 14,0 35,8 6,9 0 0 0,2 17,7 18,7 0 0,3 139,9
KEBRI-DAHAR 21,0 21,6 0 166,6 0 0 0 0 64,0 134,4 0 14,5 422,1
GODE 4,2 26,8 23,8 57,4 2,7 0 0 0 112, 1 32,8 0 0 259,8
KELAFO 0 17,0 0 74,1 5,2 0 0 0 89,5 64,2 0 0 250,0
MUSTAHIL 5,6 20,2 26,4 109,5 0,3 0 0 17,2 81,3 53,0 0 0 313,5
FERFER 0 3,7 18,0 22,6 0,8 0 0 2,4 101,8 21,6 0 0 170,9

1



TABLE 2.17

~Dnth1y and annua1 rainfa11 (in mm)

Water-year : 1970-1971

Zone Station F M A M J J A S 0 N D J
Annua1

Total R

l BOKOJI 169,7 144,5 143,5 61,3 114, 1 221,9 255,6 130,9 147,2 1,2 40,3 28,9 1 459,1
TICHO 54,4 353,9 129,4 102,4 48,2 214,9 237,9 204,7 129,0 0 22,3 12,2 1 509,3
GOBESSA 60,7 236,6 144,8 61,4 37,5 169,4 263,5 134,4 170,8 0 0 12,0 1 318, 1
AGAFRA 0 167, 1 193,7 98,5 35,7 112,6 131 ,8 95,5 176,8 0 8,8 3, 1 1 024,1
CARA-BlROLE ( 1 230)
STELLA-UGUE ( 1 040)
GOLOLCHA 76,5 233,2 290,5 20,5 85,0 188,2 78,5 165,9 86,7 0 0 ( 1 225,0)

II IBANO 66,0 191,4 153,8 121,2 93,9 121,3 215,2 170, 1 119,2 10,0 1,0 60,0 1 323,1
KORE 26,0 219,1 99,0 74,3 30,7 176,3 245,7 145,0 177,3 15,4 0 0 1 208,8
MERARO 46,9 111 ,6 136,9 29,0 41 , 1 154,0 128,9 79,1 37,3 0 0 8,7 773,5
INDETU 18,0 195,3 166,2 52,9 53,1 175,4 177 ,3 160,9 89,9 0 0 0 1 089,0
SADIKA 83,1 136,2 31,3 63,1 3,0 182,4 296,0 132,8 48,1 0 0 1,0 977 ,0
SERU 26,8 350,3 135; 7 54,2 15,3 1~6,9 226,6 184,0 127,6 8,1 0 0 1 235,5
ROBI 16,2 206,4 113,9 65,0 47,1 238,9 240,6 72 ,2 65,2 0 3,2 0 1 068,7
GAS SARA 0 220,4 155,2 82,7 15,9 84,8 116,4 59,0 166,0 35,7 0 0 900,4
SEBRE-DOLLO 19,3 192,1 211 ,5 67,3 56,1 53,4 110,9 119,9 205,8 0,1 0 0 1 036,4
GINIR 6,4 161,7 202,8 144,1 21,8 18,5 40,3 155,7 253,5 5,1 0 0 1 009,9
DJARA 12, 1 157,5 90,8 126,7 15,2 42,9 81,1 130,9 138,5 12,0 0 0 807,7
MECHARA 7,9 393,7 82,6 70,3 77 ,3 165,9 160,9 118,4 35.4 0 0 0 1 112,4
GELEMSO 5,5 163,0 68,0 98,1 23,7 208,9 246,1 177,3 78,6 0 0 0 1 069,2
BEDESSA 37,3 60,2 21,0 28,8 23,5 156,4 247,0 130,2 57,3 0 0 0 761,7
HIRNA 38,5 220,6 54,6 20,4 51,0 229,3 194,1 164,8 21,4 0 0 0 994,7
BURKA 7,4 92,5 89,9 67,7 37,3 35,8 88,8 161 , 1 111 ,5 0 0 0 692,0
DEDER 109,3 101,4 107,4 19,1 29,3 151 ,3 289,8 183,7 2,6 0 0 0 993,9
BEDENO Il ,5 93,8 75,9 29,1 15,8 154,2 160,9 147,0 39,0 0 0 0 727,2

1 GlRAWA 38,5 146,6 135,2 61,6 18,4 108,4 , 291 , 1 133,8 60,7 0 0 0 994,3
1

,
1



TABLE 2.17

Monthly and annual rainfall (in mm)

Water-year : 1970-1971

-,--------_.
J

Annual !
0 N D Total R 1

1

!
1

28,8 0 26,1 24,1 747,0
,
i

27,0 0 7,9 23,4 910,2
,
!
i

91 ,7 0 0 0 644,2 !
1
i

13,0 0 0 0 744,7 !
\

92,1 0 0 0 742,1 1

187,8 0 0 0 580,7
142,6 0 0 0 801,3 1

0 0 0 0 404,8 1
1

1

1140,2 0 0 0 1 687,9
31 ,4 0 0 0 1 590,1

119,3 0 0 0 564,2
95,2 0 0 0 346,1

116,7 0 0 0 431,1
50,4 0 0 0 387,5
59,4 0 0 0 378,6
34,6 0 0 0 378,0
90,3 0 ! 0 0 243,1

136,9 0 0 0 357,1
77 ,2 0 0 0 287,5
54,7 0 0 0 291 ,5
51,4 5,7 0 0 219,2
15,8 1,7 0 0 137,0
51 ,7 2,4 0 0 215,7

90,7
87,1

133,5
121 ,0

89,9
126,2
133,6
59,8

166,8
113, 1

60,2
77,9

50,2
201,6
153,3
134,7
175,0
114,2

185,5
247,8

A S

3,0 79,6
7,7 21,7
2,9 94,4
1,3 51,5
o 20,6
0,7 33,7
o 5,2
o 0
o 28,4
o 0,8
o 0

o l 2,2
0,5 0

-- ------ -- -

J

._._-_.

61 , 1 122,3
60,1 234,1

29,4 53,4
30,2 117,2
13,7 62,2
11,0 165,2
68, 1 96,5
3,3 39,7

37,9 71 ,4
28,3 58,3

41 ,3 24,2
28,7 0
17,7 2, 1
10,1 0
0 0
5,9 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0,1

------- ----

23,4
23,1

92,9
64,0
42,9
62,0
49,6
14,0

83,5
45,9
25,5
23,1
69,5
76,3
71 ,4
5,5
6,7

34,6
1 1 ,3
25,4
34,3

55,6
100,4

--·-f----

11 JZone Station F a A

. ----'-.

III ASSASSA 43,9 72 ,4 68,7
ADABA 49,2 130,3 20,2

IV SHEK-HUSSIEN 40,7 131 ,0 65,0
COMBOLCHA 19,9 101,0 71 ,6
HARAR 12,9 109,4 122,O
BABILE 17,0 27,0 16,0
FADIS 39,9 67,8 95,0
JIJIGA 0 87,S 33,0
FUGNAJ.~BlRA

MEDAGALOLA 26,7 104,4 58,0
KEBRI-BEYAH 24,9 123,2 24,7

.
V FIK 8,8 95,9 108,6

DEGAHBùUR 0,2 46,0 100,7
DEGAH-MEDO 0 96,5 75,3
SEGEG 8,7 145,9 96,5
DUHUN 0 62,3 166,8
RAMERO-HEDAD 1,9 113,6 111,3
DU 0 1 20,2 56,0
DANAN 0 52,3 162,4
KEBRI-DAHAR 0 3,0 172,2
GODE 0 50,7 150,7
KELAFO 0 0 150,8
MUSTAHIL 0 8,5 83,4
FERFER 0 4,0 122,7



TABLE 2.18

Month1y and annua1 rainfa11 (in mm)

Water-year : 1971-1972

---

S 0 '1 D J
Annua1

Total R.

78,4 78,4 15,6 13,7 21,2 1 275,7
97,5 100,3 111,2 36,4 5,6 1 247,8

102,4 142,7 94,1 12,7 0 1 302,7
63,3 167,8 41 ,7 40,1 1,4 897,2

43,0 116,5 93,0

135,3 160,8 130,2 63,8 67,1 1 622,5
157,0 154,0 47,5 22,8 22,7 1 182,8
94,2 49,4 (6,9) (28,4) 9,0 (848,7)
66,2 35,0 (59,3)
74,4 81,7 52,3 2,2 0 891,5
34,9 144,5 159,2 0 15,5 1 019,0
72,5 45,1 31,0 21,2 8,1 961,4
76,6 180,6 71 ,5 0 2,2 1 164,5
63,2 139,0 80,8 0 7,0 1 054,5

117, 1 206,4 130,5 3,4 23,4 966,9
89,8 123,2 95,8 0,8 0 792,4
53,7 107,7 71,4 21,0 0 1 158,3
54,4 62,1 83,8 0 0 1 153,1
97,0 71 ,0 74,0 8,0 6,3 1 076,3

124,1 5,4 40,1 2,8 2,3 820,0
98,3 77 ,9 25,3 1,2 0 (727,1)

145,9 2,2 48,9 0 4,6 1 118,3
201,2 73, 1 17,4 28,3 ( 1 112)
57,7 38,1 35,3 17, 1 18,6 893,9

1---

A

102,9

372,7
150,3
273,4
172 ,2

206,1
149,8
103,5
199,5
198,6
124,8
123,7
147,3
175,3
69,3

124,1
193,2
271,6
270,0
239,0
87,6

289,1
220,8
181 ,8

J

139,1

242,3
181 ,3
126,3
86,8

232,2
171 ,8
168,3
53,3

106,6
49,7

129,7
90,3
35,8
o

20,3
186,4
264,0
84,2
89,5
70,2

174,2
99,5
98,1

J

78,1
20,3
82,0
61,3

229,7

07,1
92,0
36,6
94,6
07,0

219,8
37,8
21 ,7
26,6
14,6
30,9
51,8
78,9
18,0
50,9
84,9
74,7
21 ,7
08,2

Zone Station F M A M

~_.- - --

l BOKOJI 0 140,0 58,7 76,6 1
TICHO 1,4 85,1 184,5 173,9 1
GOBESSA 5,4 79,0 283,3 146,4
AGAFRA Il ,8 35,7 105,4 109,7
CARA-BIROLE
STELLA-UGUE
GOLOLCHA 0 93,6 123,5 :~16,0

II IBANO 23,9 159,6 150,0 186,4 1
KORE 36,4 145,7 111,2 71 ,9
MERARO 29,7 36,9 95,3 90,5 1
INDETU 0 83,5 133,3 111,7
SADlKA 0 59,7 83,4 125,6 1
SERU 0 45,7 112,2 112,7
ROBI 0 62,6 172 ,2 157,5 1
GAS SARA 10,5 94,9 204,2 164,7 1
SEBRE-DOLLO 0,5 96,3 111,5 1t8,5 1
GINIR 10,3 67,1 135,3 189,5
DJARA 0 56,9 88,0 62,6 1
MECHARA 0 107,3 112,7 153,1 1
GELEMSO 0 48,7 144,0 145,6
BEDESSA 0 33,5 189,8 124,5 1
HIRNA 0 49,6 70,6 145,7
BURKA 0 13,4 90,7 177 ,6
DEDER 1,5 73,6 152,6 151 ,0
BEDENO 0 76,0 33,8 240,5 1
GIRAWA 0 34,2 79,7 225,1 1



TABLE 2.18

~onthly and annual rainfall (in mm)

Water-year : 1971-1972

Station F M A M J J A S 0 N D J
AnnualZone

Total R
---- ---- --

III ASSASSA 0,9 20,1 57,4 67,0 127, 1 160,3 297,2 90,4 24,4 1,3 21, 1 0,3 867,5
ADABA 0,8 62,4 74,0 95,9 (100) 137,2 144,5 79,8 19,2 10,2 15,7 0 (739,7)

II SHEK HUSSIEN 0 72 ,3 65,1 134,4 51 ,2 35,2 132,6 17,5 49,9 110,5 0 0 668,7
COMBOLCHA 0 14,9 129,3 80,9 49,3 122,0 94,2 86,8 30,0 (64,4) 11,7 38,5 (722,0)
HARAR a 32,2 80,8 152,1 77 ,0 166,0 127,6 109,1 65,3 57,4 4,2 16,5 888,2
BABILE 0 59,4 117,6 104,9 90,0 138,8 59,5 87,0 68,3 2,0 2,0
FADIS 0 47,4 43,2 142,9 40,2 105,5 194,2 60,3 97,3 13,0 4,0 3,7 751 ,7
JlJIGA 0 47,7 121 ,3 118,3 7,6 57,0 139,4 149,2 33,5 33,9 5,2 0 713,1
FUGNANBlRA
MEDAGALOLA 0 46,6 33,3 (57,7) (42, 1) 61 ,6 52,8 31 ,7 16,3 6,5
KEBRI-BEYAH 0 39,7 115, 1 (158,8) 87,0 50,8 59,3 88,0 58,1 28,0 2, 1 7,3 694,2

V FlK 0 63,7 68,7 113, 1 58,3 0,2 24,8 (5,5) 60,5 43,5 6,2 57,2 (501,7)
DEGAHBOUR 0 6,6 61 ,7 116,3 14, 1 0 29,2 24,2 80,7 30,6 0 0 363,4
DEGAH-MEDO 0 32,9 20,5 73,6 30,8 0 0 69,2 56,2 57,6 0 5,7 346,3
SEGEG 0 23,3 92 ,4 83,7 9,0 0 2,7 17,8 72 ,5 23,2 0 0 324,6
DUHUN 0 11,3 65,9 184,3 6,6 0 0 9,2 132,1 70, 1 0 0 479,5
HAMERO-HEDAD 0 35,8 37,0 132,0 19,9 0 9,9 18,5 63,0 23,0 3,2 0 342,3
lMI 0 10,6 17,7 27,8 0 0 0 0 50,7 20,5 0 0 127,3
DANAN 0 0 39,3 34,0 0 0 0 0 39,5 21 ,3 0 0 134,1
KEBRI-DAHAR 0 0,7 127,0 43,2 0 0 0 0 58,0 33,0 0 0 261 ,9
GODE 0 2,6 10,3 152,8 0 0 a 0 112,3 13,5 0 0 291 ,5
KELAFO
MUSTAHIL 0 30,2 131,0 120,9 0 0 ~3.4 111,6 30,0 0 0 427,1
FERFER 0 0 16,2 33,2 6, 1 7,0 o . ° 68,3 34,9 0 0 1 165,7

----~._---
J

(Xl
(Xl
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TABLE 2.19

Mean annua1 rainfa11 for each drainage basin

depth of rainfa11 (in mm)

100 160

965 040

025 910

800 800

690 690

600 580

550 500

535 470

670 650

460 410

475 640

390 380

1 --
Mean annual

Basin Station
1969-1970

WABl
SHEBELLE DODOLA 1 225

_"- MALKA-WA.KA.NA 1 075

-"- LEGE-lIIDA 1 075

_"_ HAMERO-HEDAD 900

_"_ lMl 700

-"- GODE 590

_If_ KELAFO 550

_11_ BURKUR 530

ERRER HAMERO-HEDAD 780

flAKETA HAMERO-HEDAD 490

JERER DEGAHBOUR 465

FAFcN IŒBRl-DAHAR 415

1970-1971 1971-1972
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SECOND PART

HYDROLOGICAL OBSERVATION DATA.
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CHAPTER III

HYDROMETRIe INSTALLATIONS AND MEASUREMENTS

Before 1967 the hydrometric equipment of the basin only consisted
of a staff gauge at KELAFO bridge in the Lower Valley. The observations made
on the staff gauge were limited to weekly recordings from 1957 to 1959. Three
measurements of middle flow were made at this station by the Yugoslav
"Elektro-project".

In 1967 before the arrival of the French Mission for the study of
the Wabi Shebelle, the Water-Ressources Department placed thirty-two staff
gauges in the upper basin and one staff-gauge in the Lower Valley at Gode,
but the latter was never observed.

MOst of the staff-gauges of the upper basin being of a small size
and located at the outlet of the basins consequently present but small import.
Nonetheless, four of these are used for the general survey of the basin.

The Wabi Shebelle Project began the first installations during the
second half-year 1967 and these were continued until the beginning of 1969.

17 hydrometric stations have been installed, 9 of them being
equippedwith water-level recorders. In 14 of the stations discharge measurements
have been carried out.

On map II (separate map) the hydrometric stations are indicated as
well as the limits of the basins they control.

The next paragraphs present a list of the operating hydrometric
stations and their main characteristics. For each station, the following
informations are given, i.e :

a) Surface of the controlled basin. These surfaces were obtained
through planimetrie base maps at 1/250 000 drafted by the project. Through
the limits of the basins cannot be determined accurately owing to the lack of
altimetric informations, these documents were used rather than the maps of the
War Office, the latter being scarcely reliable as regards planimetry and
altimetry. Despite this inconvenient, the relative error concerning areas
should not exceed 5 per cent. It may be noted that downstream from lmi, the
really active areas of the catchment basins are smaller than the mentioned
areas owing to runoff of endhoreic type on the gypsum formations.

b) Geographical setting of the basin controlled by the station,
specifie hydrographie features and nature of flow.

c) Location and history of the station.

d) Presentation and critical examination of the water-level recordings.
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For the present survey we have used a11 the records existent since
the station was insta11ed and unti1 January 1972 as this month corresponds
to the end of the 1971-1972 water-year. Recording is of course still proceeding
at a11 the stations but, taking into account the time required for drafting,
we were compe11ed to fix this time-1imit.

e) Calibration of the station with the 1ist of the discharge measu
rements and the corresponding rating curves.

In order to convert automatica11y depths into dis charge data by
computer-processing and using the transformation programs (P ~ H 301,327 and 31~

of the Central Hydro1ogica1 Office of ORSTOM, the rating curves were put down
in equations and for this purpose were eut into sections of genera1 equation
parabo1as

2
Q = C(I,L) (H - L) + C (2,L) (H - L) + C (3,L)

in which

Q = is the discharge in m3/s for the height H
L = is the lower 1imit (in meters) of the parabo1a segment
H = is any height on the parabo1a segment

C (I,L), C (2,L) and C (3,L) = are the coefficients of the parabo1a
section, these coefficients being
computer-processed (P ~ H 301)

The resu1ts are presented in tables, each 1ine of the table giving
the equation parameters of a parabo1a segment.

The first co1umn gives the lower 1imit of the segments and the three
fol1owing co1umns, the equation coefficients of the parabo1a segment. C02e '~"

is a form of writing of power 10 (for instance 0,003 E 02 means 0,003.10 or O,~.

3.1. The basin of the Wabi Shebe11e

The hydrometric network inc1udes eight stations on the Wabi Shebe11e
and four stations on the tributaries.

Four of eight stations of the Wabi Shebe11e are located in the upper
basin and four in the alluvial plain genera11y ca11ed the Lower Valley.

23.1.1. The Wabi Shebe11e at the Bridge-Road of Dodo1a (1260 km )

The first station of the Wabi Shebe11e is located at the entrance of
the river into the Guedeb plain. The relief of the basin is very pronouced and
the stream-flow is permanent owing to numerous springs rising from thick ash
layers.
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The station is located at approximately 500 m dowstream from the
bridge of the Shaslemane-Dodola road and its coordinates are : 6° 59' N and
29° 03' E.Altitude is approximately 2 500 meters.

The station consists of four metric staff units and was installed
on January 30. 1967 and has not been modified. From 30.1.1967 to 31.1.1971
recordings of water-level were made interruptedly twice a day.

Rating

The station is equipped with a fixed cable allowing high flow mea
surements.

Rating was carried out using eighteen gaugings distributed between
elevations 0,52 and 1,12 m, the minimum and maximum flows observed being
respectively 0,54m and 2,80 m.

The eighteen measurements made between 1967 and 1971 enabled plot
ting a univocal curve (graph II 1) revealing the stable character of the
station which is located on ~ocky outcroppings.

For high flow, extrapolation was necessary. The latter resulted from
the extrapolation of the sections of the flow and mean velocities measured at
the same time as discharges,these measurements being often carried out at dif
ferent sites. The Manning-Strickler formula for stream flow was used. This for
mula enables estimating the discharges above 1,20 m with an accuracy of ap
proximately ~ 20 per cent.

The extrapolation of the curve gives the following results

H - 1,50 m Q = 28,0 m3/s

H • 2,00 m Q - 53,0 m3/ s

H - 2,50 m Q - 54,0 m3/s

H • 3,00 m Q -123,G m3/s

The coefficients of calibration equations are, as fo llows

L (m) C (l, L) C (2,L) C(3,L)

0.50 0.1555556 E + 02 0.1199999 E + 02 0.6000000 E +00

0.80 0.1000007 E + 02 0.2199997 E + 02 0.5600000 E + 01

1.20 0.2500064 E + 02 0.3249977 E + 02 0.1600000 E + 02

1.50 0.1666650 E + 02 0.4166675 E + 02 0.2800000 E + 02

2.00 0.1600000 E + 02 0.5400000 E + 02 0.5300000 E + 02

2.50 0.2222072 E + 02 0.6666705 E + 02 0.8400000 E + 02

2.80
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Table 3.1

List of measurements '.of the WABI SHEBELLE AT DODOLA

N° Date Height Discharge N° Date Height Discharge
3 3

(m) (m /s) (m) (m /s)

1 12- 7-1967 1.04· 10.4 10 77- 4-1969 0.82-0.81 5.80

2 10-11-1967 0.83 6.43 11 6- 5-196q 0.70-0.70 3.30

3 31- 1-1968 0.56 1.54 12 10- 5-1969 0.98-1.05 11.3

4 26- 5-1968 0.73-0.75 4.58 13 4- 6-1969 0.73-0.72 4.02

5 27- 6-1968 0.96-0.99 9.90 14 7- 6-1969 0.72 4.02
-

6 21-11-1968 0.60 2. 19 15 18- 7-1969 1.12-1.11 13.8

7 28-11-1968 0.58 1. 90 16 9-10-1969 0.76 5.26

8 27-12-1968 0.56-0.55 1.27 17 22-10-1969 0.66-0.66 2.95

9 25- 2-1969 1. 12 13.4 18 8- 3-1971 0.54 0.84

3.1.2. The Wabi Shebelle at Malka-Wakana

This hydrometric station was installed in order to know the regime of
flow at the Malka-Wakana falls which is a suitable site for an electric dam.
The basin controlled by the station receives many permanent tributaries, the
biggest originating from the Kakka mountains in the North and from the Arena
mountains in the South (Maribo).

The station is located at approximately one kilometer upstream from
the first fall and its coordinates are 7° 13' N and 39° 24' E. The approximate
elevation of the station is 2 485 m.

d A first staff-gauge (with recordings twice a day) was installed on
the 22n of July 1967 and includes four metric units. A weekly water-level
recorder was installed on January 6. 1968 at approximately 200 m downstream from
the first staff-gauge. This water-level recorder is completed with a staff-gauge
with four metric units. The evaluation of the zero of the scale is placed at
4,217 m below the bench mark. The correspondence between the first staff-gauge
and the water-level recorder was obtained by reading both scales simultaneously.
All the water-level recordings anterior to January 6. 1968 have been related to
the new staff-gauge of the water-level recorder.

From July 22. 1967 to January 5. 1968 recordings were made twice a day
since January 6. 1968 ; water-level automatic recordings are available. The very
few gaps in the automatic recording during the first quarter 1968 were filled



- 97 -
WABI SHEBELLE AT BRIDGE ROAD Of WABI SHEBEllE AU PONT-ROUTE DE Gr-1IF1
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WABI SHEBELLE AT MALKA- WAKANA Gr-IIF 2
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in by reading the scales. Finally, complete recordings are available for the
whole survey-period.

Rating

The station has a rocky base and its position just above the first
rapids of Malka-Wakana warrants its stable character.

A fixed cable makes high flow measurements possible.

The univocal rating curve was drawn from 102 gaugings distributed
between elevation 0,52 and 2,40 m (graph III 2). The maximal and minimal eleva
tions recorded during the survey-period are respectively 2,89 m and 0,50 m. The
necessary extrapolation in order to know the maximum high flow was obtained
from the relation height/section of the flow and from the extrapolation of the
mean velocity curve.

The discharges of elevations above 2,40 mare known within ~ 10 per cenL

The coefficients of rating equations are as follows :

L (m) C (1, L) C (2,1.) C (3, L)
-

0.50 0.2399973 E 02 0.2080003 E 02 0.2799999 E 01

0.60 0.1600006 E 02 0.2719998 E 02 0.5120000 E 01

0.80 0.3499997 E 02 0.3449998 E 02 0.1120000 E 02

1.00 0.2800000 E 02 0.4500000 E 02 0.1950000 E 02

1.50 0.3600000 E 02 0.6700000 E 02 0.4900000 E 02

2.00 0.5200000 E 02 O. 10 10000 E 03 0.9150000 E 02

2.50 0.8750021 E 02 0.1525001 E 03 0.1550000 E 03

2.90

Table 3.2

List of measurements of the Wabi Shebelle at }~lka Wacana

N° Date Height Disv~"rge N° Date Height Discharge
(m) (h\ ï s) (m) (m3/s)

1 6- 7-1967 1. 15 25.5 16 18-10-1968 0.81 10.7
2 25-10-1967 0.78 12.7 17 19-11-1958 0.81-0.80 13.4
3 5-11-1967 0.74 10.0 18 4-12-1968 0.67 7.10
4 2- 1-1968 0.61 5.90 19 23- 1-1969 0.63 5.70
5 6- 6-1968 0.92 16.5 20 26- 3-1969 t. 76 64.4
6 6- 9-1968 1.29 21.8 21 28- 3-1969 1.62-1.61 59.5
7 25- 9-1968 1. 15 25.4 22 30- 3-1969 149 45.2
8 27- 9-1968 1.39 39.9 23 4- 4-1969 0.96-0.95 15.3
9 1-10-1968 1.42 43.0 24 16- 4-1969 0.79 9.00

10 3-10-1968 1.55-1.56 53.6 25 17- 4-1969 0.77 9.70
Il 4-10-1968 1.40 42.2 26 19- 4-1969 0.79 10.8
12 7-10-1968 1.53 52.9 27 20- 4-1969 0.81-0.80 1.7
13 9-10-1968 1.28 97.9 28 21- 4-1969 0.83 12.5
14 12-10-1968 0.97-0.96 19.9 29 22- 4-1969 0.85 12.8
15 16-10-1968 0.84-0.83 13.6 30 25- 4-1969 0.88 14.0



- 102 -

Table 3.2.

List of measurements of the flow of the Wabi 'Shebelle at Malka Wacana

..
Height Discharge Height DischargeN° Date

(m) (m3/s) N° Date
(m) . (mJ/s)

31 '07- 4-1969 0.97 18.7 67 29- 9-1969 1.04-1.04 22.3
32 ~9- 4-1969 1.03-1.03 20.8 68 29- 9-1969 1.05-1.06 23.7
33 2- 5-1969 1. 45- 1.46 42.5 69 1-10-1969 1.08 23.2
34 3- 5-1969 1. 15- 1• 14 24.0 70 13-10- 1969 0.86 14. 1
35 3- 6-1969 0.72 9.25 71 18-10-1969 0.73 9.10
36 9- 7-1969 0.99-0.98 16.8 72 20-10- 1969 0.78 11• 1
37 15- 7-1969 1.09-1. 13 23.3 73 28-10-1969 0.67 7.20
38 '7- 7-1969 1. 79-1. 83 70.4 74 10- 1-1971 0.56 3.80
39 '8- 7-1969 2. 17-2. 19 100 75 8- 3-1971 0.52 3.r.0
40 '9- 7-1969 2.06-2.04 89.6 76 20- 7-1971 2.00 92.8
41 ~O- 7-1969 1. 99-1. 98 81.0 77 21- 7-1971 1. 73 67.3
42 ~1- 7-1969 2. 1 1 98.8 78 21- 7-1971 1.67 61.5
43 5- 8-1969 2.01-2.00 85.9 79 22- 7-1971 1.56 57.4
44 6- 8-1969 1.92 79.5 80 22- 7-1971 1.63 63.7
45 2- 8-1969 1.87 63.7 81 26- 7-1971 1.50 50.4
46 IJ 3- 8-1969 1.94 80.6 82 28- 7-1971 1.60 57.0
47 ~5- 8-1969 1. 70- 1.68 58.6 83 29- 7-1971 1.80 72 .6
48 bO- 8-1969 1.85-1.82 75.7 84 30- 7-1971 1.85 81.3
49 D2- 8-1969 2.24-2.25 121 85 3- 8-1971 1.45 45.3
50 b3- 8-1969 2.40-2.35 130 86 5- 8-1971 2. 13 103
51 D3- 8-1969 2.28-2.25 123 87 7- 8-1971 1. 95 87.7
52 7- 8-1969 1. 86-1. 86 79.8 88 7- 8-1971 2.06 103
53 1- 9-1969 1.78-1. 77 75.4 89 8- 8-1971 2.10 108
54 2- 9-1969 1.59 58.9 90 9- 8-1971 1.90 83.2
55 3- 9-1969 1. 95-1.94 86.8 91 15- 8-1971 2. 18 116
56 4- 9-1969 1. 85 79.2 92 17- 8-1971 2.04 98.0
57 5- 9-1969 1.87-1.86 77.4 93 19- 8-1971 2.09 102
58 6- 9-1969 1. 63-1.62 59.6 94 22- 8-1971 2. 14 107
59 7- 9-1969 1.44-1.43 44.5 95 29- 8-1971 2.22 122
60 bO- 9-1969 1. 31-1.30 36.8 96 8- 9-1971 1.84 79.8
61 Dl- 9-1969 1.20-1 .21 29.9 97 9- 9-1971 1. 70 65.0
62 D3- 9-1969 1. 18-1 . 17 31.8 98 15- 9-1971 1. 39 41.5
63 4- 9-1969 1.21-1.21 32.0 99 16- 9-1971 1.32 37.4
64 b5- 9-1969 1. 23-1 .22 32.2 100 129-10-1971 1.00 19.8
65 6- 9-1969 1.09 26.1 rtJO 1 12 9- 11-1 97 1 0.74 9.90
66 8- 9-1969 1.00-0.99 20.2 102 13- 1-1972 0.60 4.46
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3.1.3. THE WABl SHEBELLE AT LEGE HIDA (21 500 km2)

This station is located approximately half way between Malka-Wacana
and Hamero-Hedad and has provided information concerning flow conditions and
inflows of the big tributaries issued from the mast rainy regions of the high
plateaus. In f ac t, between Malka-Wacana and Lege-Hida,. the Wab i Shebelle rece ives
the main tributsries : the ULUL, RADIDA, SIYANAN.

The station is located in deep gorges at approximately 15 km from the
police camp of Beltu. Between this camp and the station the difference of level
measured with an altimeter is 900 meters.

The coordinates of the station are 7°53'N and 40° S 4'E.

The installation of the water-level recorder was started in February
1978 but several different teams successively proceeded to the equipping
work which ended in April 1968. The water-level recorder has a 6 months re
cording capacity and also incl9des'a staff-gauge (6 meters long)

Unfortunately, owing to various reasons such as the defective function
ning of the clock-work and the silting up of the head-racet the water-level
recorder never operated in a normal way in 1968 and 1969. Besides,the remoteness
of the station and the difficulties of access combined with the problem of fin
ding an escort to protect the teams did not make frequent visits possible though
the latter' would have been necessary for the good running of the station.

In March 1970 in order to ameliorate the functionning of the water
level recorder, the ~atter was modified in various ways. An operator was trained
to palliate the failures of the water-level recorder.

Since March 1970; the recordings present no more gaps.

RATING

The station is located on rocky ou~croppings and should be stable.
It is equiwed with a Neyrpic cable way installed in January 9.1970 for high flow
measurements.

One•.hundred and thirty gaugings, from elevation 0.34 to 3.89 m, allowed
plotting a univocal rating curve (graph 111.3) The maximal and minimal elevations
observed are respectively 4.30 m and 0.28 m.

The rating curve was extrapolated from the relation height/section of
the flow and the extrapolation of the mean-velocity curve. The discharge for
elevations greater than 3.90 mare known within ~ la per cent.

The coefficients of the rating" equations are as follows i.e
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L(m) C (1. L) C (2.L) C (3.L)

0.25 0.9629640 E + 02 0.2422221 E + 02 0.4400000 E + 01

0.40 0.1047627 E + 03 0.4695227 E + 02 0.1020000 E + 02

0.55 0.9000066 E + 02 0.6899985 E + 02 0.1960001 E + 02

0.75 0.9866713 E + 02 0.1041332 E + 03 0.3700000 E + 02

1.00 0.7888866 E + 02 o. 1123333 E + 03 0.6920000 E + 02

1.60 ..(J.9536769 E • 02 0.2000021 E + 03 0.1650000 E + 03

1.80 -0.5000940 E + 02 0.2050020 E + 03 0.2050000 E + 03

2.00 -0.8000000 E + 01 0.2020000 E + 03 0.2440000 E + 03

2.50 -0.4000000 E + 01 0.2060000 E + 03 0.3430000 E + 03

3.50 0.2499936 E + 02 O. 1950005 E + 03 0.5450000 E + 03

4.30

Table 3.3

List of measurements of the WABl SHEBELLE AT LEGE-HIDA

N° Date Height Discharge N° Date Height Discharge

1 15- 1-1969 0.50 15.0 26 18-4-+970 1.73-1.76 192
2 16- 1-1969 0.51 17.5 27 18-4-1970 1. 64-1.61 165
3 7- 1-1970 0.35 2.85 • 28 19-4-1970 1.51-1 .50 148
4 25- 3-1970 0.99_0.98 66.6 29 '9-4-1970 1.48-1.47 141
5 27- 3-1970 1.04_1.04 71.1 30 20-4-197D 1.45-1.43 133
6 28- 3-1970 1. 13_1. 13 83.6 31 20-4-1970 1.40-1.38 122
7 29- 3-1970 1.08_1.08 75.8 32 20-4-1970 1.33-1 .32 114
S 30- 3-1970 1.06_1.06 71.6 33 21-4-1970 1.33-1.33 115
9 31- 3-1970 0.95_0.95 59.3 34 21-4-1970 J. 30-1.29 110

10 1- 4-1970 0.87_0.87 50.8 35 22-4-1970 1.49-1 .41 136
Il 3- 4-1970 0.81_0.81 42.2 36 23-4-1970 1.26-1.25 105
12 4- 4-1970 0.75_0.75 35.8 37 23-4-1970 1.26-1.26 J05
13 6- 4-1970 0.92-0.93 58.7 38 24-4-1970 1.20-1 • 19 96.6
14 8- 4-1970 0.85_0.84 47.2 39 24-4-1970 1. 15-1 • 15 83.5
15 10- 4-1970 0.96_0.94 62.2 40 25-4-1970 1.07-1.07 76.8
16 13- 4-1970 1.03_0.99 68.0 41 25-4-1970 1. 12-1. 11 81.2
17 14- 4-1970 1.27_1.26 104 42 26-4-1970 1.09-1.10 80.6
18 14- 4-1970 1.21_1.22 96.5 43 27-4-1970 1.27-1.28 108
19 15- 4-1970 1.31_1.37 119 44 27-4-1970 1.25-1.24 103
20 15- 4-1970 1.39_1 .37 125 45 28-4-1970 1.24-1 .23 102
21 15- 4-1970 1.42_1.42 129 46 29-4-1970 1. 14- 1• 14 87.6
22 16- 4-1970 2? 16_2.15 269 47 30-4-1970 1.02-1.01 70.3
23 16- 4-1970 2.02_2.04 233 48 30-4-1970 1.00-1.00 69.6
24 17- 4-1970 1.77-1.74 190 49 30-4-1970 0.99-0.99 67.9
25 17- 4-1970 1.80- 1. 80 195 50 1-5-1970 0.94-0.94 60.8

Float measurement
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Table 3.3.

List of measurements of the Wabi Shebelle flow to Lege Hida

N° Date Height Discharge N° Date Height Discharge
(m) . (m3/s) . (m) . . (m3/ s)

51 1- 5-1970 0.92-0.91 56.5 91 4- 8-1970 1. 75 198
52 3- 5 1970 1.08-1 .07 78.6 92 5- 8-1970 2.16-2.39 301
53 3- 5-1970 1.16-1.24 101 93 5- 8-1970 2.34-2.14 277
54 4- Ç-1970 1.05-1.03 75.0 94 5- 8-1970 2.51-2.59 370
55 4- 5:-1910 1.15-1 •19 93.5 95 5- 8-1970 2.64-2.71 380
56 4- 5-1970 1.13-1.10 83.9 96 6- 8-1970 2.18-2. 14 273
57 5- 5-1970 1.40-1 .36 127 97 6- 8-1970 2.08-2.02 251
58 5- 5-1970 1.33-1.29 113 98 7- 8-1970 1.89 224
59 6- 5-1970 1.66-1.62 171 99 7- 8-1970 1.85-1.83 214
60 6- 5-1970 1.61-1.56 164 100 8- 8-1970 2.20-2.21 285
61 6- 5-1970 1.54-1.48 149 101 8- 8-1970 2.03-2.02 249
62 6- 5=1970 1.46-1.46 143 102 9- 8-1970 1.88-1.88 220
63 7- 5-1970 1.46-1.44 136 103 9- 8-1970 1.96-1 .93 233
64 8- 5-1970 1.32-1.30 113 104 11- 8-1970 2'.10-2.17 275
65 8- 5-1970 1.28-1 .28 109 105 11- 8-1970 2.33-2.43 323
66 9- 5-1970 1•18-1 • 17 91.0 106 11- 8-1970 2.47-2.32 335
67 9- 5-1970 1•15-1 •14 88.0 107 13- 8-1970 2.61 363
68 10- 5-1970 1.06-1.05 75.9 108 14- 8-1970 2.83-2.82 410
69 10- 5-1970 1 .02-1 .00 69.6 109 14- 8-1970 2.75-2.70 388
70 11- 5-1970 0.93-0.93 60.5 110 15- 8-197e 2.65-2.61 367
71 11- 5-1970 0.91-0.90 56.6 II 1 16- 8-1970 2.12-2.10 269
72 12- 5-1970 0.86:-0.86 50.3 112 17- 8-1970 3.83-3.69 601
73 12- 5-1970 0.84-0.84 48.3 113 17- 8-1970 3.55-3.44 525
74 17- 7-1970 1.14 88.3 114 18- 8-1970 3.03-2.94 428
75 19- 7-1970 1.54 153 115 18- 8-1970 2.93-2.87 416
76 19- 7-1970 1. 78 197 lf6 19- 8-1970 2.44 331
77 21- 7-1970 1.42 133 II 7 22- 8-1970 3.04-3.03 453
78 22- 7-1970 1.25 105 118 23- 8-1970 2.34-2.33 311
79 24- 7-1970 1.31 ll-6 119 24- 8-1970 2.10 263
80 26- 7-1970 1. 78 200 120 25- 8-1970 1. 75 199
81 26- 7-1970 1. 73 187 121 26- 8-1970 1.71-1.76 197
82 27- 7-1970 1.63 168 122 27- 8-1970 1.86-1.85 226
83 27- 7-1970 1.60 162 123 28- 8-1970 2.27-2.25 300
84 28- 7-1970 1.48 144 124 30- 8-1970 2.04-2.02 254
85 29- 7-1970 1.39 127 125 31- 8-1970 1.56-1 .54 164
86 30- 7-1970 1.54 154 126 1- 9-1970 1.45-1 .43 142
87 31- 7~1970 1.52 -1.65 165 127 16- 1-1971 0.34 7.20
88 31- 7-1970 1.84 206 128 7-11-1971 0.60' 25.1
89 1- 8-1970 1.60- 1.65- 175 129 2- 1-1972 0.47 13.5
90 3- 8-1970 1.56 160 130 3- 1-1972 0.44 13.4
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3.1.4. The WABI SHEBELLI AT RAMERO HEDAD (64 450 km2)

Between Lege Hida and Hamero Hedad, the Wabi Shebelle is joined by
four big tributaries, three with a permanent flow on the left bank (UNGWATA,
RAMIS, ERRER) and an intermittent tributary on the right bank (LEDAE). This
station is essential for the dam-project in the gorges of the Wabi Shebelle
(site II b) since it alone controls more than 95 per cent of the water supply
of this installation.

The main inflows between Lege Hida and Hamero Hedad come from the
high plateaus of CHERCHER and from the HARAR granite group.

The station is located just below the junction of the Wabi Shebelle
and of the LEDAE at approximately 20 km from the police station of Hamero
Hedad, and the coordinates are 70 19'N and 42 0 Il'E. It is equipped with a
monthly water-level recorder to which is added a staff-gauge with nine metric
units. The zero level corresponds to -8 030 m on the bench-mark.

The first recordings started on the Ilth of February 1968 and
several small gaps have been compensated for by relation to the downstream
station of Imi. The only recordings still lacking concern a relativety longer
period, from the 23rd of April to the J2th of June 1971, during high flow.

Rating

One hundred and seventy nine measurements were caried out from 1968
to 1971. Since the 3rd of April 1970, high and Middle flows have been
measured using the cableway. A chronological study of these data shows the
slightly unsteady nature of the sandy channel of the river, but a systematical
variation of the channel due to scouring or filling in has not been observed.
Accordingly it seemed more adequate to use an average rating curve proving
valid for the whole observation period. The maximum deviation of the
measurements to the curve never exceeds + 15 per cent. This curve is shown on
graph III. 4. -

The coefficients of rating equations are given below

L(m) C (1, L) C (2, L) C (3, L)

0.75 0.7500015 E + 02 0.2749997 E + 02 0.6700000 E + 01

0.95 0.1333391 E + 02 0.5266653 E + 02 0.1520000 E + 02

1. 20 0.2666808 E + 02 0.5999956 E + 02 0.2920000 E + 02

1.50 0.2666525 E + 02 0.7333366 E + 02 0.4960001 E + 02

1.80 0.3333406 E + 02 0.8999968 E + 02 0.7400000 E + 02

2.40 0.3333304 E + 02 O. 1233334 E + 03 0.1400000 E + 03

3.00 - 0.2500006 E + 02 0.1750002 E + 03 0.2260000 E + 03

3.40 0.2777765 E + 01 0.1783332 E + 03 0.2920000 E + 03

4.60 0.2369283 E + 02 0.2008987 E + 03 0.5100000 E + 03

6.30
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Table 3.4.

List of measurements of the Wabi Schebelle flow at Hamero-Hedad

N° Date Height Discharge N° Date Height Discharge
(m) (mJ/s) (m) (m3/s)

1 7- 2-1968 1.02 18.4 46 3- 9-1969 2.71-2.67 179
2 10- 2-1968 1.25-1 .31 31.4 47 4- 9-1969 2.48-2.46 148
3 3- 6-1968 2.17-2.12 99.4 48 5- 9-1969 2.33-2.34 130
4 12- 7-1968 2.41-2.42 131 49 23- 9-1969 2.11-2.10 104
5 13- 7-1968 2.41-2.39 130 50 28- 9-1969 1,87-1.86 81.2
6 16- 7-1968 2.20-2.22 111 51 30- 9-1969 1. 73-1. 72 68.5
7 17- 7-1968 2.28-2.27 112 52 4-10-1969 1.64 662.6
8 13- 7-1968 3.14-3.20 324 53 13-10-1969 1.57-1.56 57.0
9 14- 8-1968 3.45-3.47 273 54 16-10-1969 1. 41 45.9

10 14- 8-1968 3. 10-3. 11 219 55 19-10-1969 1. 32 37.6
11 16- 8-1968 3.47-3.39 258 56 25-10-1969 1.25 32.6
12 17- 8-1968 3.31-3.35 262 57 29-11-1969 1.07 24. 1
13 19- 8-1968 3.37-3.33 268 58 2-12-1969 1.03 20.3
14 22- 8-1968 3.71-3.72 304 59 9-12-1969 0.96 16.8
15 9-11-1968 1.20- I. 19 27. 1 60 3- 1-1970 0.88 13.6
16 10-11-1968 1. 19-1 . 18 26.2 61 21- 3-1970 3.00-2.96 236
17 26- 1-1969 1. 12-1. 12 22.9 62 23- 3-1970 2.49-2.46 142
18 27- 1-1969 1.12-1.11 21.3 63 25- 3-1970 2.11-2.10 99.8
19 Defective measurement 64 27- 3-1970 1. 91 76.9
20 4- 4-1969 2.02 94.1 65 28- 3-1970 . 1.95 79.4
21 6- 4-1969 1.81-1.80 73.9 66 2- 4-1970 1.77-1.76 70.5
22 8- 4-1969 1.80-1.81 74.2 67 3- 4-1970 1.67 60.3
23 9- 4-1969 1.92-1. 90 82.5 68 9- 4-1970 1.62 58.7
24 10- 4-1969 3.08-3.01 230 69 11- 4-1970 1.78-1.88 78.4
25 12- 4-1969 2.54-2.50 -l5 1 70 15- 4-1970 1.99 93.4
26 14- 4-1969 2.27-2.26 117 71 16- 4-1970 2.93-2.85 209
27 16- 4-1969 2.03-2.02 92.7 72 17- 4-1970 3.84-3.83 384
28 19- 4-1969 1.68-1.66 63.3 73 17- 4-1970 3.75-3.71 366
29 21- 4-1969 1.58 54.1 74 17- 4-1970 3.67-3.65 234
30 20- 6-1969 1.28-1.29 34.2 75 18- 4-1970 3.18-3. 15 262
31 28- 7-1969 2.67-2.65 173 76 19- 4-1970 2.94-2.91 236
32 30- 7-1969 3.01-2.97 216 77 20- 4-1970 2.70-2.65 204
33 3,]- 7-1969 2.81-2.80 194 78 21- 4-1970 2.52-2.49 162
34 3- 8-1969 3.42-3.54 299 79 22- 4-1970 2.38 139
35 3- 8-1969 3.72-3.66 332 80 24- 4-1970 2231 128
36 4- 8-1969 3.28-3.23 267 81 125- 4-1970 2.26 127
37 5- 8-1969 3.16-3.17 245 82 25- 4-1970 3.82-3.57 406
38 7- 8-1969 3. 13-3.09 242 83 ~9- 4-1970 2.28-2.29 113
39 11- 8-1969 3.52-3.54 303 84 29- 4-1970 2.23 119
40 12- 8-1969 2.58-3.35 272 85 30- 4-1970 2.15-2.14 105
41 16- 8-1969 2.69-2.67 181 86 30- 4-1970 2.09-2.08 97. 1
42 17- 8-1969 2.59 162 87 1- 5-1970 1.99-1.98 87.2
43 24- 8-1969 2.91-2.95 217 88 2- 5-1970 1.88-2.04 86.4
44 25- 8-1969 3.34-3.30 264 89 3- 5-1970 1. 79 72 .4
45 27- 8-1969 3.20-3.18 252 90 5- 5-1970 2. 15-2. 13 99.6
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Table 3.4. (suite)

List of measurements of the Wabi Shebelle flow at Hamero-Hedad

N° Date Height Discharge N° Date Height Discharge
(m) (m3/ s) . (m) . (m3/s)

91 6-5-1970 2.69-2.62 185 136 27- 9-1970 3.02-3.00 223
92 7-5-1970 3.12-3.05 240 137 2-10-1970 2.55-2.54 166
93 8-5-1970 2.65-2.63 171 138 4-10-1970 2.46 159
94 9-5-1970 2.48-2.47 151 139 8-10-1970 2.16-2.17 115
95 10-5-1970 2.24 119 140 13-10-1970 2.50-2.49 148
96 11-5-1970 2.04-2.03 97,4 141 16-10-1970 2.02 101
97 12-5-1970 1.86 79,9 142 21-10-1970 1. 98 96.6
98 22-7-1970 2.38 141 143 24-10-1970 1.86 84.7
99 23-7-1970 2.11-2.10 108 144 29-10-1970 2.36-2.34 135

100 24-7-1970 2. 12 111 145 1- 1-1971 0.92 13.9
101 26-7-1970 2.28-2.27 130 146 30- 1-1971 0.89 12.3
102 27-7-1970 2.91-2.90 213 147 1- 3-1971 0.81 7.80
103 28-7-1970 2.69-2.67 184 148 22- 3-1971 0.82 8.20
104 6-8-1970 3.59-3.67 337 149 8- 8-1971 3.23 266
105 7-8-1970 3.39-3.34 280 150 9- 8-1971 2.83 209
106 7-8-1970 3.19-3.22 261 151 10- 8-1971 2.68 190
107 8-8-1970 3.04-3.02 233 152 11- 8-1971 2.60 178
108 13-8-1970 3.80-3.82 362 153 14- 8-1971 2.54 171
109 14-8-1970 3.87-3.88 378 154 16- 8-1971 2.72 194
110 15-8-1970 3.99-4.04 406 155 16- 8-1971 2.95 224
1Il 15-8-1970 4.12-4.13 419 156 20- 8-1971 3.02 236
112 17-8-1970 3.45-3.42 307 157 21- 8-1971 3.12 252
113 18-8-1970 4.52-4.69 521 158 23- 8-1971 3.34-3.50 297
114 18-8-1970 4.69-4.76 549 159 23- 8-1971 3.60-3.68 328 .
115 18-8-1970 4.80-4.90 562 160 26- 8-1971 2.76 201
116 18-8-1970 4.88-4.93 579 161 28- 8-1971 3.14-3. 16 254
117 18-8-1970 4.97-5.00 598 162 28- 8-1971 3.29-3.27 274
118 18-8-1970 5.05-5.04 607 163 2- 9-1971 2.79-2.80 206
119 18-8-1970 4.99-4.94 571 164 5- 9-1971 2.98-3.02 232
120 19-8-1970 4.22-4.19 438 165 6- 9-1971 2.98 230
121 19-8-1970 4.30 454 166 7- 9-1971 3. 11 248
122 21-8-1970 4.30-4.32 444 167 9- 9-1971 2.78 204
123 21-8-1970 4.39-4.40 467 168 10- 9-1971 2.90 218
124 22-8-1970 4.78-4.76 522 169 12- 9-1971 2.97 229
125 23-8-1970 4.58-4.57 500 170 13- 9-1971 2.63 182
126 24-8-1970 3.95-3.94 395 171 15- 9-1971 2.50 162
127 25-8-1970 3.51-3.50 320 172 16- 9-1971 2.42 151
128 26-8-1970 3.25-3.24 277 173 18- 9-1971 2.29 136
129 1-9-1970 2.95-2.94 230 174 19- 9-1971 2.20 123
30 4-9-1970 3.49-3.46 312 175 20- 9-1971 2. 18 121

131 7-9-1970 2.91-2.92 223 176 21- 9-1971 2.08 108
132 15-9-1970 3.30-3.30 280 177 23- 9-1971 2.04 102
33 20-9-1970 2.71-2.74 176 178 25- 9-1971 2.02 101
34 23-9-1970 2.84-2.83 201 179 28- 9-1971 1.98 94.2
35 25-9-1970 3.02-3.00 223
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3.1.5. The Wabi Shebelle at Imi (91 600 km2)

The Wabi Shebelle, between Hamero Hedad and lmi, is joined by two
main tributaries : on the left bank the Daketa which is by far the most important
and the Darole on the right bank. The Daketa originates in the granite mountains
of Harar and has an intermittent flow.

The station of Imi is located at the entrance of the Wabi Shebelle
into the alluvial plain which stretches down to the border. It is placed at
approximately 25 km downstream from where it issues out of the gorges near
Buliche village (12 km upstream from lmi) and its coordinates are 6° 31' N and
42° 08' E.

A temporary gauge was installed on the Ist of March 1969 during the
early floods of the year and only consisted of three metric units for high flow
measurements.

In June 1969 a monthly water~level recorder was installed to which a
staff-gauge with five metric units (including a negative unit)has been added.
The correspondence between the two staff-gauges was established by simultaneous
reading of both for aIl the different heights. AlI the recordings prior to the
11th of June 1969 were thus correlated to the staff-gauge of the water-Ievel
recorder.

The zero level of the staff-gauge corresponds to the elevation point
0.422 m of the bench mark. The latter is at elevation 405.45 m in the levelling
system of the Lower Valley achieved by the Project topographie Division.

Water-Ievel recordings are available since the 28th of March 1969.
Some small gaps have been filled in by relation to the recordings of the Hamero
Hedad station or by interpolation when floods subside. The recordings for
December 1971 and January 1972 are lacking owing to the presence of a sand-layer
covering up the staff-gauge unit corresponding to low water level and because
of the warping of the lower part of the water level recorder.

Rating

One hundred and fifteen measurements, between elevations - 0.07 and
2.46 m, were carried out in 1969, 1970 and 1971 and may be found in table 3.5

The relation between gauge/height and discharge through these mea
surements in univocal up to elevation 1.50 m on the staff-gauge (approximately
160 m3/s). Above this elevation measurements vary considerably, for instance
for a gauge measurement of 2.31 m the discharge is 520 m3/s for March 1970, and
302 m3:s for August 1971. The reason of this variation was sought for by analy
sing the relations between gauge-heights and sections of the flow as weIl as
the mean relation between water-levels and mean velocities obtained through the
measurement points.

The area of section of the flow scarcely varies during the observation
period, but the mean velocity and consequently, the water surface slope, present
considerable variations for a same gauge height.



- 114 -

It was believed at firet that the variations of the water surface
slope might be related to the various shape of hydrographs linked to the floods
from the upper basin or from the tributaries of the middle basin like the
DAKETA. The non-univocal character of the station was to be corrected by a
method using the limnigraphic gradient

This method proved unsatisfactory.

In fact, it seems that the variable water surface slopes correspond
to the filling level of more or less broken up flood plains located upstream
and mainly downstream from the station (these floods occur when the water level
is above 1.50 m at Imi)

When the plains are full, flooding is cheked and the water surface
slope decreases but when they are empty the water surface slope remains high
since flooding is not cheked. Iwo extreme cases exist : either the plains are
completely empty and velocity is maximal or the plains are completely full and
velocity is minimal. Between these extreme forms velocity varies progressively.
In order to know the exact variations of the water slopes, two automatic water
level recorders would have been necessary in the reach of Imi.

This method would have allowed making for each height corrections
linked to the water surface slope hence, to find the univocal stage discharge
relation.

The study of series of measurements and the comparison of the
flow volume at the upstream and downstream stations for periods of five days
allowed to determine three long periods to which two different mean stage dis
charge relations correspond.

The two rating curves are plotted on graph 111.5 Curve l corresponds
to strong water surface slopes and curve II to weak water surface slopes.

The validity periods of each of these rating curves are as follows
from February 28 to November 3 1969 = Curve II
from November 4 1969 to May 7 1971 = r.nrvp T
from May 8 1971 to December 31 1972 = Curve II

The rating equations of each curve are

Rating nO

...,.~_.-

L (m) C (I,L) C (2,L) C (3,1.)

-0.20 0.1166656 B + 02 0.1416669 E + 02 0.9700000 E + 01

0.10 0.1000000 E + 03 0.2500002 E + 02 O. 1500000 E + 02

0.40 0.3125006 E + 02 0.8624995 E + 02 0.3150000 E + 02

0.80 0.2777867 E + 02 0.1016662 E + 03 0.7100000 E + 02

1. 40 0.3999968 E + 03 0.9999965 E + 02 0.1420000 E + 03

1.60 0.3000012 E + 03 0.2399999 E + 03 O. 1780000 E + 03

2.00 0.4160000 E + 03 0.4680000 E + 03 0.3220000 E + 03

2.50 0.4442674 E + 02 0.7933379 E + 03 0.6600000 E + 03

2.80 -



Gr-Ill 5

.1700

i
1

----':"600
1

1

1

1

-----+-1100

-----~400

~,
M

E·
01

.----+--+800

1

1

lo
,

H(ml,,
1 ~

250 3,00

Courbes d'étalonnage

1

1----.1----. 1---''---11--·-----J-500

l '

H(m)

1 High flow

1 Hsutes eSUI(
i
1

1

-------r--.~- -' ------+
1

i

1

t -- - . ~--1----
1,50 2PO

- 115 -

WABI SHEBELLE AT IMI

J-----t==-===-:::.----=-::..::.-j:·T.::=-======~;=?L-o..-i------+I 300

,

---- ------l

... T~--- L
Q50 1,00

@---_.

Rating curves

~ 1970

'V 1971

Bassps eaul(

Low flow

r····

Measurements Jaugeages

• 1969

1---------·--- T---- ---
1 i
1

.y~"
~~.':.' •• '-+'----------'----1-200../. ,--

.'/(:.
I.y"-

.,.r:/:"'f .
••:,~'!' 1-.'" '.r··--------- ~.~--_.._~ ". ---

, ',./-!,-" ~/r.
i /"0 i

1 ••-" i 1

-.-~_ .._. __..~,--------+-_._.
o 0,50 1,00

20

~t
j,

1 1

1 1

60+.
i
1

1

1

40-+- --

1

o

O'. R.S .T.0 .M . Service Hydrologique
date des.----
3·73 D- JP ETR_291773





- 117 -

Rating nO 2

L (m) C (I,L) C (2,L) C (3,L)

-0.20 0.1166656 E + 02 O. 1416669 E + 02 0.9700000 E + 01

0.10 0.1000000 E + 03 0.2500002 E ,.: 02 0.1500000 E + 02

0.40 0.3125006 E + 02 0.8624995 E + 02 0.3150000 E + 02

0.80 0.2777867 E + 02 0.1016662 E + 03 0.7100000 E + 02

1. 40 0.4999962 E + 02 0.1349995E + 03 0.1420000 E + 03

1.60 0.7500018 E + 02 0.1650002 E + 03 0.1710000 E + 03

2.00 0.6400000 E + 02 0.2160000 E + 03 0.2490000 E + 03

2.50
-

An accuracy of ! 20 per cent may be expected for discharges greater

than 160 m3/s

Table 3.5

List of measurements of the Wabi Shebelle flow at Imi

N° Date Height Discurge N° Date Heigbt Discharge

1 23- 8-1969 1. 70-1 .67 189 26 29-11-1969 0.27 20.6
2 23- 8-1969 1.60-1.58 177 27 1.-12-1969 0.21 18.4
3 24- 8-1969 1.48-1.47 151 28 6- 2-1970 0.26 22.0
4 25- 8-1969 1.82 215 29 15- 3-1970 1.15-1.22 108
5 25- 8-1969 1.91-1.93 239 30 16- 3-1970 1.65-1 • 72 184
6 26- 8-1969 2.04 263 31 17- 3-1970 2.26-2.24 480
7 28- 8-1969 2. 10-2. 12 285 32 17- 3-1970 2.16-2.13 445
8 2- 9-1969 1.77-1.76 217 33 19- 3-1970 2.46 540

19 4- 9-1969 1.56-1.55 166 34 20- 3-1970 2.31 520
la 5- 9-1969 1.41-1.40 141 35 21- 3-1970 1.97-1.96 298
II 6- 9-1969 1.29-1.30 130 36 22- 3-1970 1.81-1.80 227
12 7- 9-1969 1.23 124 37 23- 3-1970 1.59-1.58 173
13 10- 9-1969 1.73-1.74 204 38 24- 3-1970 1. 40-1. 39 138
14 13- 9-1969 1.97-2.01 258 39 24- 3-1970 1.32-1 .31 129
15 16- 9-1969 1. 85-1. 92 231 40 25- 3-1970 1.21-1.20 112
16 16- 9-1969 2.06-2.08 270 41 26- 3-1970 1.07-1.06 98.5
17 21- 9-1969 1.36-1.35 140 42 27- 3-1970 0.99 92.2
18 23- 9-1969 1• 16-1 . 16 114 43 28- 3-1970 0.87 77.4
19 24- 9-1969 1.09 104 44 30- 3-1970 1• 10-1 . 11 103
20 26- 9-1969 1.02 97.0 45 3- 4-1970 0.76-0.75 65.0
21 27- 9-1969 0.92 88. 1 46 4- 4-1970 1.49-1.41 147
22 30- 9-1969 0.81 73.0 47 6- 4-1970 0.81-0.80 70.2
23 1-10-1969 0.75 70.4 48 7- 4-1970 0.71-0.69 61.·7
24 2-"'0-1969 0.85-0.84 79. 1 49 8- 4-1970 0.60-0.62 56.0
25 3-10-1969 0.70 65.6 50 13-"4-1970 0.93-0.92 84.2
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Tab le 3.5.

Lif'lt of TTleasureT'lents of the V'abi Shebelle flow at TMI

N° Date Height Discharge N° Date Height Discharge
(m) (m3/ s) (m) . (m3/ s)

5 1 15- 4-1970 1.26-1. 26 123 84 19- 8-1971 1. 93-1. 97 217
52 16- 4-1970 1.51-1.53 193 85 20- 8-1971 2. 10-2. 12 264
53 17- 4-1970 1. 73-1. 72 238 86 21- 8-1971 2.19-2.23 296
54 18- 4-1970 2.06-2.03 361 87 22- 8-1971 2.04-2.08 261
55 18- 4-1970 1.94-1.93 304 88 22- 8-1971 2. 16 285
56 19- 4-1970 1. 88-1.91 255 89 24- 8-1971 2.30 302
57 19- 4-1970 1.85-1.84 247 90 26- 8-1971 1.80 207
58 21- 4-1970 2.48-2.33 504 91 27- 8-1971 1.72 182
59 23- 4-1970 1.45-1.44 153 92 29- 8-1971 2.09 259
60 25- 4-1970 1. 28-1.27 124 93 30- 8-1971 1.96-1.93 234
61 26- 4-1970 2.03-2.02 288 94 1- 9-1971 1.84-1.89 214
62 26- 4-1970 1. 82-1. 76 . 231 95 4- 9-1971 1.61-1 .60 161
63 27- 4-1970 1. 65-1 .61 211 96 5- 9-1971 1.75-1.78 204
64 1- 5-1970 1. 15 108 97 6- 9-1971 1.93-1.94 234
65 5- 5-1970 1. 90-1.93 299 98 8- 9-1971 1.97-1.96 240
66 5- 5-1970 1. 79-1. 75 240 99 10- 9-1971 1.78-1.80 202
67 6- 5-1970 J. 76-1.74 2 Il 100 11- 9-1971 1.89 212
68 7- 5-1970 2.03-1.95 381 101 11- 9-1971 2.02 236
69 8- 5-1970 1. 86-1. 83 230 102 13.... 9-1971 1. 85 211
70 8- 5-1970 1. 67-1 .66 188 103 14- 9-1971 1.64 174
71 9- 5-1970 2.18-2.08 352 104 15- 9-1971 1. 51 157
72 10- 5-1970 1.47-1.46 143 105 17- 9-1971 1. 41 144
73 25- 6-1970 O. 18-0. 17 ]7.8 106 18- 9-1971 1.34 133
74 20-12-1970 0.00 13.8 107 19- 9-1971 1.28 129
75 2- 2-1971 -0.07 11.7 108 20- 9-1971 1. 21 119
76 3- 6-1971 0.66 55.4 109 ~1- 9-1971 1.26 125
77 12- 8-1971 1.67 176 110 ~2- 9-]971 1. 14 115
78 13- 8-1971 1.59 162 111 ~3- 9-1971 1.06 99.4
79 15- 8-1971 1.55 153 112 ~7- 9-1971 1.04 93.8
80 16- 8-1971 1.64 169 113 ~8- 9-1971 1.09 93.7
81 17- 8-1971 1.82 199 114 ~9';' 9-] 97 1 0.97 88. 1
82 17- 8-1971 1.95-1.98 2 Il 115 30- 9-1971 0.9] 82.4
83 18- 8-1971 I.U 187
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3.1.6. The WAHl SHEBELLE at GODE (127 300 km)

Between Imi and Gode the Wabi Shebelle is only joined by not very
large tributaries presenting a torrential flow of arid type. The most impor
tant is the Madiso which originates from the lime stone plateaux of the Duhun
Region. The total area of the drainag~ basin controlled by this station must
not include the inactive parts where endhoreic flow is collected in closed
drainage basins s~h as the Danan ba~in. These areas are not easily evaluated
but represent approximately 7 500 km • The station is located in the middle
of the large alluvial plain. of Gode. There the Wabi Shebelle is well embanked
in its alluvial deposits. The banks are 8 to 9 meters high. The coordinates of
the station are 5° 51' N and 43° 33' E.

As soon as August 1967,a temporary staf!hgauge with four metric
units was installed. Observations started on the 4 of October 1967.

This staff gauge was remplaced on the 24th of June 1968 with a weekly
water level recorder and a 7 meters staff gauge located upstream from the tempo
rary staff-gauge. The gauge datum (zero) is at - 6.41 m of the bench mark
and at elevation 293 78 m in the general levelling system of the Lower Valley.

The correspondence between the temporary staff gauge and the water
level recorder was determinea by simultaneous reading of the elevations on
both staff gauges. All the recordings prior to the 24 th of June 1968 are copied
down in the water level recording system.

Complete recordings are available since the 5th of October 1967 and
only a gap of 16 days may be noted for March-April 1968.

Rating

One hundred and thirteen flow measurements were made for elevations
between -0.49 and 3.83m on the staff gauge (table 3.6).The maximal and mini
mal recorded heights are respectively 3.93 and 0.49 m. The five measurements
from nO 53 to 57 carried out with a defective current meter are excluded.
Measurements from n022 to 24 and from 32 to 35 are float measurements.

A slight variation for low flow measurements may be observed but
it is insignificant and the station may be considered as stable and univocal.

_The relative difference between measurements with a current meter and the avera 
ge curve is never greater than : 10 per cent.

The rating curve (graph 111.6) is broken at elevation 2.00m, the dis
charge gradient being smaller above 2.00 m than it was below. This anomaly of
the site linked to decreasing velocities might be due to the back water effect
on the rocky layer downstream from the water level recorder or to a narrowing
of the section of the flow at Gode bridge.

The equations of the rating curve are, as follows
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L (m) C (J, L) C (2,L) C (3,L)

-0.50 0.3888901 E 02 0.2583328 E 02 0.3750000 E 01

-0.20 0.7500031 E 02 0.4749994 E 02 0.1500000 E 02

0.00 0.5374980 E 02 0.7175006 E 02 0.2750000 E 02

0.40 0.5018495 E 02 0.1023706 E 03 0.6479999 E 02

0.87 0.9050063 E 01 0.1522977 E 03 0.1240000 E 03

O. 160 -o. 1632576 E 02 O. 1828566 E 03 0.2400000 E 03

2.30 0.4186216 E-03 0.1555551 E 03 0.3600000 E 03

3.20 -0.3576276 E-03 O. 1500002 E 03 0.5000000 E 03

4.00
--
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Table 3.6

List of measurements of the Wabi Shebelle flow at Gode

N° Date Height Discharge N° Date Height Discharge
(m) (m3/s) (m) . (m3/s)

1 6- 9-1968 0.73 105 36 11- 5-1969 1. 35 194
2 8- 9-1968 0.64-0.63 93.3 37 25- 8-1969 1.23-1.22 183
3 10- 9-1968 0.77-0.78 109 38 28- 8-1969 1.63 253
4 13- 9-1968 0.91-0.92 131 39 1- 9-1969 1.62 255
5 14- 9-1968 1.03 151 40 4- 9-1969 1. 36 205
6 19- 9-1968 1.28-1 .29 183 41 4": 9-1969 1.36-1.35 204
7 21- 9-1968 1.17-1.16 163 42 7- 9-1969 1. 0 1 147
8 28- 9-1968 0.81 115 43 9: 9-1969 0.92 134
9 18-10-1968 0.49 79.9 44 12- 9-1969 1. 29 193

10 20-10-1968 0.40-0.39 67.5 45 15- 9-1969 1.59 247
Il 23-10-1968 0.30-0.34 54.9 46 16- 9-1969 1.40 210
12 4-11-1968 0.19-0.18 43.8 47 18- 9-1969 1.49 228
13 6-11-1968 0.10 37.6 48 25- 9-1969 0.81 116
14 11-11-1968 0.00 28.8 49 27- 9-1969 0.69 101
15 27-12-1968 -0.10 22.3 50 29- 9-1969 0.64 94.0
16 15- 1':'1969 -0.05 24.6 51 1-10-1969 0.55 83.0
17 22- 1-1969 -0.15 20.5 52 3-10-1969 0.49 74.6
18 17- 2-1969 -0.22 15.5 58 23-11-19691 -o. 15 18.8
19 21- 2-1969 "'l0.27 13.8 59 11-12-1969 -0.20 15.5
20 22- 2-1969 1.67-1 .68 268 60 18-12-1969 -0.25 . 12.7
21 23- 2-1969 1. 43 218 61 2- 1-1970 -0.32 9.60
22 2- 3-1969 2.04 325 i2 21- 1-1970 -0.37 7.80
23 2- 3-1969 2. 16-2. 18 379 63 18- 3-1970 1.94-2.02 307
24 2- 3-1969 2.21-2.22 400 64 19- 3-1970 2.84-2.86 440
25 6- 3-1969 1.46-1.44 198 65 20- 3-1970 3.15-3.16 496
26 9- 3-1969 0.90 137 66 22- 3-1970 3.26-3.25 510
27 12- 3-1969 1. 61-1.62 247 67 22- 3-1970 3. 16-3. 14 492
28 13- 3-1969 1.83 276 68 22- 3-1970 2.98-2.96 475
29 15-·3-1969 1.79-1.83 288 69 23- 3-1970 2.32-2.31 362
30 15- 3-1969 1.92-1.94 320 70 23- 3-1970 2.16-2.15 338
31 17- 3-1969 1.26 194 71 23- 3-1970 2.05-2.03 319
32 6- 5-1969 2.82-2.80 440 72 23- 3-1970 1.99-1.98 308
33 6- 5-1969 2.65-2.63 407 73 24- 3-1970 1.65-1.64 243
34 6- 5-1969 2.45-2.43 382 74 24- 3-1970 1.51 223
35 6- 5-1969 2.32-2.30 360 75 25-. 3-1970 1. 31 185
35a 7- 5-1969 1.96 304 76 26- 3-1970 1. 10 156
35b 7- 5-1969 1.87 294 77 27- 3-1970 0.93 132
35c 8- 5-1969 1.66-1.65 . 279 78 16- 4-1970 0.92 127
35d 10- 5-1969 1.60-1 .59 270 79 18- 4-1970 2.03 318
35e 11- 5-1969 1.35-1. 34 213 80 19- 4-1970 1.98-2.00 313
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Table 3.6

Measurements of the Wabi Shebelle flow at Gode

N° Date Height Discharge N° Date Height Discharge
(m) (IIÛ/s) (m) . (IIÛ/ s)

81 19-4-+970 2. 18 348 98 1-5-1970 0.97 137
82 20-4-1970 1.89 300 99 3-5':1970 0.86 119
83 21-4-1970 1. 81 277 100 4-5-1970 0.76 105
84 22-4-1970 3.83 594 101 7-5-1970 1.68 249
85 23-4-1970 3.48 541 102 8-5- 1970 1.23-1.24 177
86 24-4-1970 2.66-2.60 386 103 9...,5-1970 1.77- 1. 76 265
87 24-4-1970 2.40-2.36 361 104 10-5-1970 1.52-],51 227
88 24-4-1970 2.12-2.11 326 105 28-5-1970 0; 36-0.35 54.7
89 24-4-1970 2.05-2.03 314 106 31-5-1970 0.21 40.3
90 25-4-1970 3.37-3.39 546 107 6-6-1970 0.09 31.3
91 25-4-1970 3.40-3.35 524 108 11-6-1970 -0.02 24.0
92 25-4-1970 3.04-3.12 498 109 15-6-1970 ':'0.12 18.4
93 26-4-1970 2.26-2.24 343 110 3-3-1971 -0.42 5.40
94 27-4-1970 1. 42-1. 41 204 111 13-3-1971 -0.46 5.20
95 28-4-1970 2.03-2.01 304 112 14-3-1971 -0.46 4.70
96 29-4- 1970 1.74-1. 73 263 113 24-3-1971 -0.49 4.18
97 30-4-1970 1. 12 157

3.1.7. The Wabi Shebelle at Kelafo (139 100 km2)

Between Kelafo and Gode the Wabi Shebelle is only supplied by small
local tributaries. Moste of them do not directly meet the river but flow into
the alluvial plain. This water seeps into the ground and partly supplies the
alluvial ground-water table or evaporates.

The active area of the intermediate basin located between Gode and
Kelafo is small and probably only covers 5 000 km2 .

The Kelafo station presents the following coordinates : 5° 35' and
44° 13' E. Il is located just below the alluvial basin of ILO-UEN which is ap
proximately 35 km long.

In this basin, the banks of the Wabi Shebelle become progressively
lower and are approximately 5 meters high at the station. When strong floods
occu~ the Wabi Shebelle overflows in this basin. Overflowing is even created
artificially by a system of deep irrigation canals cutting the banks of the river
during a very high flow period, part of the flow is not controlled by the sta
tion and it joins a secondary arm in the Northen part of the alluvial plain.

Downstream from Kelafo, the height of the banks still decreases
and the river divides into several channels in the middle of a vast flood
plain (Shebelle plain).

Owing to its very particular location, this station only provides
an incomplete knowledge of high flow.
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An old Italian staff-gauge fixed on a pier of the bridge used to exist
at Kelafo and consisted of four metric units (2 to 6 m). The Yugoslav report:
Electroproject mentions weekly measurements carried out on this staff gauge
in 1957, 1958 and 1959 but despite inquiries made at the Water Resources Department
and at the Sudanese Interior Mission which was at that time in charge of the
recordings, none of these observations were found.

Observations started again on this staff-gauge in December 1967, they
proceded until the 11th of March 1968 and were then interrupted owing to the
departure of the observer.

In January 1969, the Wabi Shebelle Project installed another staff-
gauge with five metric units at 150 m downstream from the bridge. The two lower
units having been swept away by the flood of April 1969, observations were continued
later on the Italian staff-gauge of the bridge which was made two meters longer.
The zero level of this staff-gauge is at elevation 263.15 m in the levelling
system for the lower Valley. A correspondance between both staff-gauges was made
and aIl recordings are related to the Italian system.

The available recordings only correspond to sixty days from December
1967, to March 1968. Since the 8th of January 1969 the recordings made twice
a day are complete until the end of the observation period.

Rating

Fifty nine measurements between elevations 2.91 and 7.82 m were
carried out in 1969, 1970 and 1971 (table 3.7).The maximum and minimum elevations
observed are respectively 7,89 and 2,86 m. These measurements show that the
discharge-rating curve is not univocal.

The study of the relations gauge-heights/sections of the flow and
gauge-heights/Mean velocities reveals that the non-univocal character is related
to two causes : the instability of the channel and the variation of water surface
slopes for a same height due to flooding conditions. We noticed on the one hand
that during aIl the observation period a permanent silting-up of the section
could be observed (this silting-up particulary affects the rating of low flow)
and on the other hand, that the water surface slopes for heights above 5.80 m
vary with the level downstream in the flood plains.

Taking into account the measurements and flood period several
mean rating curves were plotted : five curves for low water and two for high water
(graph 111.7) A greater accuracy than + 15 per cent cannot be expected for
the discharges obtained through these curves. The valid periods applied for each
of these curves are as follows :

Rating nO 1
Rating nO 2
Rating nO 3
Rating nO 4
Rating nO 5

period tiefore the Ist of August 1969
from the Ist of August 1969 to the 11th of November 1970
from the 18 th of November to the 27th of March 1971
from 28th of March 1971 to the 10th of June 1971
from Ilth of June 1971 to the 31st of January 1972
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The equations of the rating curves are given below

Ra
• 0tlng n

L (m) C (l, L) C (2,L) C (3,L)

3.40 o. 1833325 E + 02 0.2249998 E + 02 0.7600000 E + 01

4.00 0.1299986 E + 02 0.4930014 E + 02 0.2700000 E + 02

5.00 -0.2980228 E - 03 0.7500011 E + 02 o. 9000000 E + 02

5.60 -0.1666669 E + 02 0.7333339 E + 02 o. 1350000 E + 03

6.20 0.2187512 E + 02 0.5374988 E + 02 O. 1730000 E + 03

7.00 0.1166655E + 02 0.9283349 E + 02 o.2300000 E + 03

7.90

Rating nO 2

L (m) C (l, L) C (2, L) C (3, L)

2.80 0.1500004 E + 02 O. 110000 1 E + 02 0.2200000 E + 01

3.20 0.9999914 E + 01 0.2300003 E + 02 0.9000000 E + 01

3.70 0.2500064 E + 02 0.3249977 E + 02 0.2300000 E + 02

4.00 0.1666644 E + 02 0.4166675 E + 02 0.3500000 E + 02

4.60 0.2500006 E + 02 0.5500005 E + 02 0.6600000 E + 02

5.00 0.1666637 E +-02 0.6166678 E + 02 0.9200000 E + 02

Beyond 5.60 m,identical rating tQ N° 1

R • ° 3atlng n

,

L(m) C (J, L) C (2,Lt C (3,L)

2.80 0.1444459 E 02 0.1266660 E + 02 0.2200000 E + 01

3.40 0.6547569 E 01 0.2970236 E + 02 0.1500000 E + 02

4. 10
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L (m) C (l, L) C (2,L) C (3,L)

2.80 0.1875002 E + 02 0.1125002 E + 02 0.2200000 E + 01

3.20 0.1533315 E + 02 0.2593340 E + 02 0.9700000 E + 01

3.70 o. 1500093 E + 02 o .4049968 E + 02 0.2650000 E + 02

4.00 0.6249779 E + 01 0.4875008 E + 02 0.4000000 E + 02

4.60 0.1250003 E + 02 o .6000005 E + 02 0.7150000 E + 02

5.00 0.9333019 E + 01 0.7083347 E + 02 0.9750000 E + 02

5.60 -0.1666669 E + 02 o .6833337 E + 02 0.1430000 E + 03

6.20 O. 1562523 E + 02 0.5624977 E + 02 0.1780000 E + 03

7.00 0.1999989 E + 02 0.8200014 E + 02 0.2330000 E + 03

7.90

Rating nO 5

L (m) C (l, L) C (2, L) C (3, L)

2.80 o. 1499998 E + 02 0.1200003 E + 02 0.6000000 E + 01

3.20 o. 1033329 E + 02 0.2543333 E + 02 O. 1320000 E + 02

3.70 0.1'66730 E + 02 0.3333310 E + 02 0.2850000 E + 02

Beyond 4.00 rn, identical rating ta nO 4

Table 3.7

List of measurements of the WABI SHEBELLE flow at KELAFO

N° Date Height Discharge N° Date
Height Discharge

(m) . (tn3/ s) (m) (m3/s)

1 4- 2-1969 3.65 14.7 Il )- 8-1970 5.50 122
2 9- 2-1969 3.88 21.9 12 4- 8-1970 5.72 143
3 25- 4-1969 4.54 58.7 13 5- 8-1970 5.81 158
4 6- 6-1969 4.29 42.6 14 8- 8-1970 5.67-5.66 138
5 8- 6-1969 4.21 38.9 15 9- 8-1970 6.32-6.47 202
6 20-12-1969 3.32 12.0 16 9...;. 8-1970 6.64-6.73 229
7 1- 1-1970 3.22 9.60 17 9- 8-1970 6.96-7.03 253
8 9- 2-1970 3.68 22.2 18 10- 8-1970 7.24-7.22 256
9 29- 6-1970 3.56 18.5 19 10- 8-1970 7.11-7.09 240

10 2- 8-1970 5.63-5.62 133 20 11- 8-1970 6.84-6.83 217



- 131 -

Table 3.7

List of measurements of WABI SHEBELLE flow at KELAFO

N° Date Height Discharge N° Date Height Discharge
(m) (m3/s) (m) (m3/s)

21 12-8- 1970 6.75-6.79 217 41 11- 9-1970 6.62-6.60 199
22 14-8- 1970 7.04-7.06 238 42 12- 9=1970 6i47-6.46 188
23 15-8- 1970 7.31-7.32 266 43 13- ;9-1970 6.84-6.85 221
24 15-8- 1970 7.44-7.46 269 44 17- 9-1970 7.22-7.26 257
25 16-8- 1970 7.62-7.64 291 45 24-12-1970 3.30 12.4
26 17-8- 1970 7.63 285 46 5- 2-1971 3. Il 8.00
27 18-8- 1970 7.73 292 47 16- 3-1971 2.91 .3.60
28 19-8- 1970 7.69 291 48 17- 5-1971 5.26 121
29 21-8- 1970 7.83-7.81 313 49 18- 5-1971 5.04 97.5
30 24-8- 1970 7.74-7.75 308 50 19- 5-1971 4.88 89.0
31 25-8- 1970 7.80-7.79 309 51 19- 5-1971 4.84 84.8
32 27-8- 1970 7.10-7.69 291 52 20- 5-1971 4.92 84.7
33 28-8- 1970 7.55-7.54 269 53 21- 5-1971 5.42 130
34 30-8- 1970 7. 15-7. 14 243 54 21- 5-1971 5.32 122
35 31-8- 1970 7.35-7.37 265 55 22- 5-1971 4.96 95. 1
36 }-9- 1970 7.50-7.51 273 56 24- 5-1971 4.80 85.6
37 4-9- 1970 6.95-6.93 216 57 24- 5-1971 4.74 .79. 1
38 6-9- 1970 7. 16-7.18 241 58 25- 5-1971 4.60 72 .8
39 9-9- 1970 6.70-6.67 202 59 26- 5-1971 4.64 73.8
40 10-9- 1970 6.55-6.56 190

3.1.8. The wabi Shebelle at BURKUR (144 000 km2)

After Kelafo, the Wabi Shebelle supplies the vast spreading basin of
Shebelle which stretches down to MUSTAHIL. Beyond Mustahil it sinks once again
in its alluvial deposits and flows in a single very distinct channel. From
Kelafo to Burkur it supplies but negligible quantities of water.

Burkur station is located at approximately 10 km ! to the North of
Burkur village and its coordinates are 5° 11' N and 44° 48 1 E.

A first water level recorder was installed on the 6th of January 1969.
The basis of the water level recorder ~~ing given way the latter was replaced
with a provisary staff-gauge on the 13 of June 1969. The zero level of the
staff-gauge corresponds to -7.84 m under the bench march and to 225.33 m in the
general levelling system for the Lower Valley.

AlI the recordings of gauge heights have been reltfied to the system of
the new water-level recorder. They are complete since the 6 January 1969. The
short gaps in the recordings have been compensated for through interpolation.

Rating

The rating of the station consits of eighty eight measurements made from
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elevations -0.19 and 5.88 m (table 3.8). The maximum and the minimum observed
during this period are respectively 5.89 and 0.49 m.

As velocities are considerably reduced in the flood zone stretching
from Kelafo to Mustahil, the station presents a relatively stable character
and calibration is practically univocal. The dispersion of measurement points
around the average curve is very small and never more than + 7 percent (graph
111.8). Between elevations 3.20 and 4.00 m the rating curve-no longer presents
a parabola aspect and its lower part is incurvated since the velocity gradient
decreases while the elevations increase. This anomaly is probaly due to the
effect of the flood plain of Burkur located 15 km downstream from the station
and which controls the flow in the downstream part by reducing the water
surface slope.

Above 4.00 m the downstream plain being full, the curve once more
presents a parabolic shape.

One may note that the measurements made on the first annuals floods
(measurements of March-April 1970) coming into an emptyplain present a higher
velocity gradient and are consequently above the curve.

For a greater precision, for elevations from 3.20 to 4.00 m,two curves
should have been plotted : a first curve before flooding and a second and lower
curve after flooding. This would have required knowing the state of flooding
day after day in the donwstream part. As this was impossible,a single average
curve was plotted. The distance of the farthest measurement points from this
curve never exceeds : 7 per cent.

The equations of the rating curve are given below

L (m) C (l, L) C (2, L) C (3,L)

-0.50 0.1000001 E 02 o.lœooooo E 02 0.2599999 E 01

0.00 0.6399994 E 01 0.1959999 E 02 0.1060000 E 02

0.50 0.8000000 E 01 0.2300000 E 02 0.2200000 E 02

1.50 0.4000000 E 01 0.3600000 E 02 0.5300000 E 02

2.50 0.3333188 E 01 0.4433340 E 02 0.9300000 E 02

3.00 -0.5555805 E 01 0.4833350 E 02 O. 1160000 E 03

3.60 -0.3750043 E 02 0.5750012 E 02 0.1430000 E 03

4.00 0.1250003 E 02 0.3000002 E 02 O. 1730000 E 03

4.40 O. 1111110 E 02 0.3999995 E 02 0.1890000 E 03

4.80 0.2777774 E 02 0.4166664 E 02 0.2170000 E 03

5.40

6.00

--
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Table 3.8.

List of the measurements of the Wabi Shebelle flow at BURKUR

N° Date Height Discharge Nft Date Height Discharge
(m) (m3/s) (m) (DÛ/S)

1 4- 1-1969 0.43 18.4 45 31- 3-i§70 3.79-3.80 156
2 6- 1-1969 0.39 18.3 46 1- 4-1970 3.79 158
3 5- 2-1969 0.39 18.2 47 2- 4-1970 3.59-3.58 143
4 7- 2-1969 0.34 17.8 48 3- 4-1970 3.24-3.22 128
5 7- 4-1969 3.60 137 49 1- 7-1970 0.36 18.5
6 9- 4-1969 3.91 152 50 4- 8-1970 2.55 102
7 10- 4-1969 4.01 159 51 5- 8-1970 2.60 100
8 14- 4-1969 3.09 116 52 6- 8-1970 2.63-2.64 96.0
9 15- 4-1969 2.86 109 53 7- 8-1970 2.68-2.69 104

10 16- 4-1969 2 •. 79 105 54 8- 8-1970 U74 106
11 21- 4-1969 2.91 (104) 55 9- 8-1970 2.79-2.80 107
12 28- 4-1969 1.83 64.0 56 11- 8-1970 2.89-2.90 112
13 29- 4-1969 1. 72 61.0 57 13- 8-1970 3~01-3.02 121
14 30- 4-1969 1.67 58.9 58 14- 8-1970 3.09-3.10 123
15 2- 5-1969 1.90 68.5 59 15- 8-1970 3.18 130
16 3- 5-1969 2.08 75.6 60 16- 8-1970 3.25-3.26 130
17 3- 5-1969 2.21 82.8 61 17- 8-1970 3.31 131
18 3- 5-1969 2.36 87.2 62 18- 8-1970 3.43 136
19 6- 5-1969 2.55 94.5 63 19- 8-1970 3.55-3.56 143
20 8- 5-1969 2.71 104 64 20- 8-1970 3.70 143
21 9- 5-1969 2.86 109 65 21- 8-1970 3.85 151
22 10- 5-1969 3.01 114 66 22- 8-1970 4.04 162
23 11- 5-1969 3.20 122 67 23- 8-1970 4.29-4.30 168
24 12- 5-1969 3.47 134 68 24- 8-1970 4.55 181
25 13- 5-1969 3.74 144 69 25- 8-1970 4.82-4.83 186
26 14- 5-1969 4.14 164 70 26- 8-1970 5.05-5.06 199
27 15;- 5-1969 4.38 172 71 28- 8-1970 5.24-5.25 213
28 16- 5-1969 4.72 187 72 29- 8-1970 5.38-5.38 222
29 17- 5-1969 5.00 199 73 30- 8-1970 5.47-5.48 219
30 18- 5-1969 5.23 206 74 31- 8-1970 5.55 227
31 19- 5-1969 5.35 212 75 2- g-1970 5.69 235
32 22- 5-1969 5.28 204 76 3- 9-1970 5.74-5.75 233
33 26- 5-1969 5.07 194 77 4- 9-1970 5.80 238
34 27- 5-1969 4.89 187 78 5- 9-1970 5.83 240
35 10- 6-1969 1.23 41.1 79 8- 9-1970 5.87-5.88 243
36 11-6-1969 1.20 41.6 80 13- 9-1970 5.79 241
37 13- 6-1969 1.14 40.1 81 14- 9-1970 5.74

1
228

38 16- 6-1969 1.08 38.4 82 15- 9-1970 5.69 1 229
39 19- 6-1969 1.01 35.6 83 16- 9-1970 5.63 228
40 22-12-1969 O. Il 13.0 84 17- 9-1970 5.55 229
41 25-12-1969 0.05 11.8 85 18- 9-1970 5.46 220
42 30-12-1969 0.00 10.7 86 19- 9-1970 5.37 221
43 11- 2-1970 0.52 23.2 87 6- 2-1971 -0.19 7.00
44 30- 3-1970 3.70 152 88 28- 5-1971 2.17-215 78.4
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3.1.9. The MAR1BO at the Bridge road of DODOLA (260 km2-)

The Maribo is a permanent tributary of the right bank and it is
located at the upstream end of the basin of the Wabi Shebelle. 1t springs from
the Arena Mountains and its torrential conditions of flow are due to the very
pronouced relief of the basin.

The station is located at 10 km from Adaba at the bridge of the
Shashemane-Adaba road and its coordinates are 7° 00' N and 39° 22' E. 1t con
sists of three staff-gauge metric units whieh have not been modified durif§ the
survey periode The observations made twice a day are complete from the 24 of
January 1967 until the end of the periode

Rating

The gauging section is rocky and stable. Twenty seven measurements
were carried out between elevations 0.52 and 1.35 m (Table 3.9) enabling the
plotting of a univocal rating curve ( graph 111.9). The extrapolation of this
curve up to 2.25m (the maximum height observed) was made using the relation
gauge- height/Section of the flow and the extrapolation of the mean velocity
curve. The discharge for high flow may be knownwith an accuracy corresponding
to ~ 20 per cent.

The rating equations are as follows:

L (m) C (l, L) C (2, L) C (3,L)

0.50 0.9999973 E 01 0.1950006 E 01 0.7999998 E-01

0.70 0.1400005 E 02 0.5899993 E 01 0.8699999 E 00

0.80 0.0 0.9999997 E 01 0.1599999 E 01

0.90 o. 1500053 ,E 02 o. 1149994 E 02 0.2599999 E 01

1. 10 0.1500101 E 02 0.1749980 E 02 0.5500000 E 01

1. 30 0.9999936 E 01 0.1999991 E 02 0.9599999 E 01

1.50 0.5000370 E 01 0.2299986 E 02 O. 1400000 E 02

1.90 0.1250003 E 02 0.2750002 E 02 0.2400000 E 02

2.30

-
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Table 3.9

List of the meas,rements of the Maribo at the Bridge Road of DODOLA

N° Date Height Discharge N° Date Height Discharge

1 7- 7-1967 1. 13 5.78 15 4- 6-1969 0.68-0.68 0.75
2 26-10-1-967 0.88 3.73 16 ,,- 7-1969 0.83 . 2.08
3 31- 1-1968 0.54 0.48 17 13- 7-1969 0.79 1.60
4 26- 5-1968 1.02 4.40 18 19- 7-1969 0.86 2.27
5 26- 6-1968 1.02 4.25 19 8-10-1969 1.08 5. 13
6 20-11-1968 1.12-1.11 5.65 20 10-10-1969 0.98 3.94
7 2-12-1968 0.72 1.07 21 15-10-1969 0.89 2.60
8 23-12-1968 0.60 0.37 22 17-10-1969 0.83 1.81
9 18- 2-1969 0.95-0.94 3.28 23 28-10-1969 0.73 1. Il

10 25- 2-1969 1.35-1 .34 10.3 24 7- 3-1971 0.52 0.10
11 6- 4-1969 1.17-1.16 6.99 25 30-10-1971 0.95 3.73
12 5- 5-1969 1. 10 6.61 26 14-11-1971 0.88 2.42
13 7- 5-1969 1.23-1.22 8.80 27 12- 1-1972 0.60 0.33
14 14- 5-1969 0.94-0.93 2.99

3.1.10 The Maribo at the junction with the Wabi Shebelle (1.220 km)

This station is located at approximately 20 km downstream from the prece
ding station in the GUEDEB plain,just before the junction of the Maribo with the
Wabi Shebelle, and it controls aIl the Maribo basin. Between the two stations, the
Maribo is joined by other tributaries aIl flowing from the Arena mountains. The
flow conditions, since they are moderated by the comparatively fIat zones of the
Guedeb, present a less torrential character than at the preceding station. The in
flows from the Maribo represent approximately 40 per cent of the flow at Malka Wacana.

The station presents the following coordinates 7° 06' N and 39° 19' E. It
consists of four staff units and has not been modified during the observation periode
Apart from October and November 1971 during wnich no recordin~s were made and except
for some small gaps, the recordings are complete since the I

S of January 1968.

Rating

Twenty two measurements between elevation 0.62 and 1.58 m (table 3.10)
allow plotting a univocal curve for low and medium flow.The maximum and minimum
heights observed are 2.76 and 0.62 m. The extrapolation of the rating curve for
high flow was made using the relation gauge height/Section of the flow and mean
veloltities (graph III. 10) The relative error concerning discharge greater than
25m3/s is approximately ±20 per cent.

The ~quations of the rating curve are given in the following table
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L (m) C (1. L) C (2.L) C (3.L)

0.60 0.2333330 E 02 0.7333328 E 01 0.2750000 E 00

0.75 0.1999977 E 02 O. 1600002 E 02 O. 1900000 E 01

0.85 0.3999998 E 02 0.1899998 E 02 0.3700000 E 01

0.95 0.1333279 E 02 0.2200014 E 02 0.6000000 E 01

1.25 0.1749992 E 02 0.2750003 E 02 0.1380000 E 02

1.65 0.9999907 E 01 0.4000008 E 02 0.2759999 E 02

2.05 0.8190566 E 01 0.4799039 E 02 0.4520000 E 02

2.80

Table 3.10

List of measurements of the Maribo at the junction with the Wabi Shebelle

N° Date
Height Discharge N° Date Height Dischar,e

(m) (m3/s) (m) (m3/s

1 11-7-1967 1. 58 24.3 12 15- 5-1969 1.00 7.60
2 8-11-1967 0.87 4.38 13 4- 6-1969 0.72 1. 76
3 29- 6-1968 1.38 - 1.40 16.2 14 6- 6-1969 0.75 1.69
4 25-11-1968 0.94 - 0.93 5.96 15 10- 7-1969 0.91 4.95
5 3-12-1968 0.80 3.50 16 31- 8-1969 1.48 23.1
6 26-12-1968 0.70 0.97 17 10-10-1969 1.02 8.33
7 26- 4-1969 1.01 - 1.02 7.47 18 22-10-1969 0.90 4.68
8 28- 4-1969 1.14-1.13 Il.2 19 8- 3-1971 0.62 0.38
9 1- 5-1969 1.59 - 1.57 25.3 20 30-10-1971 1.03 8.04

10 7- 5-1969 1.40 - 1.39 15.5 21 29-11-1971 0.87 3.90
11 12- 5-1969 1.25 14.2 22 13- 1-1972 0.70 \.03

3.1. Il The ERRER at HAMERO-REDAn (l4 200 km2)

The Errer is the last permanent tributary of the Wabi Shebelle. It
originates in the granite mountains of Harar and then cuts through the limestone
plateau in gorges sometimes more than 100 m deep. It is joined by two main

tributaries, the Gobele and the Majo. Its torrential conditions of flow are
due to the very strong slope of the river bed.

The station is located at approximately 15 km upstream from the junc
tion Errer- Wabi Shebelle. Its coordinates are 7° 43' N and 42° 03' E.
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A first monthly water level recorder was installed on the 23rd of
May 1968 and equipped with six staff units. This water level recorder did not
operate regularly owing to a periodical silting-up, and was moved on the llth
of May 1972 to a more suitable place approximately 30 m upstream from the
former si te.

The gauge datum of the second water level recorder corresponds to
-0.85 m on the old water-level recorder.

The recordings for 1968 and 1969 present important gaps but from
the 13th of December 1969 to the end of the observation period recordings are
complete.

Rating

The station has been equipped with a cableway (lst of May 1969)
for the gauging of high flow. The gauging section consists of a sandy bed
between rocky banks.

The rating of the station consists of one hundred and two measurements
distributed between elevations -0.60 and 3.16 m (table 3.11) (system of the
first water level recorder). The maximum and the minimum observed are respec
tively 3.27 m and -0.06 m. Consequently, the rating of the station may be
considered as satisfactory.

The non-univocal character of the station is relatively pronouced
in the case of low flow and is due ~o a permanent altering of the sandy channel.
By study.mgthe measurements,one may know the periods of successive changes of
calibration curves since they are due to strong floods reaching 1.50 to 2.00 m
(and higher) on the staff-gauge.

For the observation time, seven periods stand out each corresponding
to different ratings. The flow discharge curves plotted on graphs3.11 all
converge at elevation 0.70 m and form a common high discharge curve.

The observation periods corresponding to these calibrations are as
flol1ows, i.e

Rating curve Validity period Measurements

nO 1 24- 5-1968 to. 10- 3- 1969 2 to 14

nO 2 11- 3-1969 to. 1- 11- 1969 15 to 18

nO 3 2-11-1969 to 24- 4- 1970 19 to 56

nO 4 25- 4-1970 to· 4- 5- 1970 57 to 72

nO 5 5- 5-1970 to 9- 5- 1970 73 to 82

nO 6 10- 5-1970 to 3- 5- 1971 83 to ~6

nO 7 4- 5-1971 to 31- 1- 1972 97 to 102
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It may be noted that calibrations 3.5 and 7 are identica1 and
that curves 4 and 6 remain very close to curve 3 which is the basic curve.

The set of curves meet in the 10wer part for a permanent base
f10w of approximate1y 1.50 m3/s.

It may a1so be noted that the considerable changes in the rating
of 10w f10w a1ways occur during the first f100ds of the year (March to May).
Then the rating curve presents 1ess tangible and more progressive fluctuations.

The equations of the rating curves p10tted according to the sys
tem of the old water 1eve1 recorder are given be10w. In order to app1y these
equations to the system of the new water 1eve1 recorder, 85 cm must be added
to the 1imit heights.

L (m) C (1. L) C (2.L) C (3.L)

0.10 0.2050006 E 02 0.1764998 E 02 0.2150000 E 01

0.30 0.6000021 E 02 0.2299995 E 02 0.6500000 E 01

0.40 0.1761904 E 03 0.3090479 E 02 0.9400000 E 01

0.55 0.2533343 E 03 0.9533315 E 02 0.1800000 E 02

0.70 0.1785736 E 02 O. 1246428 E 03 0.3800000 E 02

1.40 0.2999968 E 02 0.1530003 E 03 0.1340000 E 03

2.40 0.6749957 E 02 0.2155004 E 03 0.3170000 E 03

3.40

R · n02atlng

L (m) C (1. L) C (2. L) C (3. L)

-0.05 0.7142877 E 02 0.9285690 E 01 0.2000000 E 01

0.10 0.4000017 E 02 0.2899995 E 02 0.5000000 E 01

0.30 0.4000136 E 02 0.4999971 E 02 0.1240000 E 02

0.50 0.7000067 E 02 0.6399982 E 02 0.2400000 E 02

0.70 0.2547641 E 02 O. 1170238 E 03 0.3959999 E 02

Beyend 1.40 m, identica1 rating te nO 1
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L (m) C (I.L) C (2. L) C (3.L)

- 0.06 0.5555525 E 02 0.1666688 E 01 0.1599999 E 01

0.00 0.6000027 E 02 o. 1199998 E 02 0.1900000 E 01

o. 10 o. 45000 Il E 02 0.2249997 E 02 0.3700000 E 01

0.30 0.7500024 E 02 0.4749992 E 02 0.1000000 E 02

0.50 0.6500008 E 02 0.7249994 E 02 0.2250000 E 02

0.70 0.2547641 E 02 0.1170238 E 03 0.3959999 E 02

Beyond 0.70, identical to rating nO 2

Rating nO 4

L (m) C (1. L) C (2. L) C (3.L)

- 0.02 0.2083357 E 02 0.1583330 E 02 0.2000000 E 01

0,10 0.4000017 E 02 0.2199995 E 02 0.4200000 E 01

0.30 0.9499974 E 02 0.3250005 E 02 0.1020000 E 02

0.50 0.1049991 E 03 0.7450014 E 02 0.2050000 E 02

0.70 0.2547641 E 02 0.1170238 E 03 0.3959999 E 02

Beyond 0.7Om, identical to rating nO 2

Ra · ° 6tmg n

L (m) C (1 .L) C (2.L) C (3.L)

- 0.05 0.6000009 E 02 0.9999857 E 00 0.1400000 E 01

0.05 0.4666823 E 02 0.1766656 E 02 0.2099999 E 01

0.20 0.9499924 E 02 0.2949991 E 02 0.5799999 E 01

0.40 0.5833507 E 02 0.6283302 E 02 0.1550000 E 02

0.70 0.2547592 E 02 0.1170238 E 03 0.3959999 E 02

Beyond 0.70 m identical to rating nO 2
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Table 3. Il

List of the measurements of the ERRER flow at RAMERO-HEDAn

N° Date Height Dis charge N° Date Height Discharge
(m) (m3/ s) (m) (m3/s)

1 11-12-1967 4.38 42 16-4-1970 0.73-0.67 37.3
2 22- 5-1968 0.52-0,51 14.8 43 16-4-1970 0.67-0.67 36.6
3 23- 5;"'1968 0.57 20.8 44 16-4-1970 0.77-0.70 49.2
4 28- 7-1968 0.48 12.9 45 16-4-1970 0.67-0.60 30.8
5 29- 7-1968 0.44 Il.0 46 16-4-1970 0.60-0.55 29.8
6 30- 7-1968 0.44-0.44 11.4 47 16"'4-1970 0.55-0.50 24,0
7 31- 7-1968 0.44-0.44 11.2 48 16-4-1970 0.48-0.46 20.1
8 3- 8-1968 0.50-0.50 13.8 49 16-4-1970 0.42-0.41 16.7
9 28- 8-1968 0.57-0.56 19.6 50 17-4-1970 0.39-0.40 15.6

10 6-11-1968 0.15 3.53 51 18-4-1970 0.22-0.22 7.50
Il 3-12-1968 0.15 3.18 52 20-4-1970 0.17-0.17 5.80
12 1- 1-1969 0.13 2.72 53 21-4-1970 0.10-0.10 4.00
13 30- 1-1969 0.12 2.42 54 22-4-1970 0.21-0.20 7.00
14 30- 1-1969 0.12 2.53 55 23-4-1970 0.07-0.07 3.20
15 27- 4-1969 -0.03 2.36 56 24-4-1970 O. 13-0.12 4.50
16 27--5-1969 0.18 7.65 57 25-4-1970 3.08-3.25 571
17 23- 6-1969 0.06 3.06 58 25-4-1970 3.25-3.,00 482
18 23- 7-1969 0.07 3.97 59 25-4-1970 2.85-2.50 369
19 2- 1-1970 0.00 2.00 60 25-:;-4",1970 2.40-1 .90 248
20 13- 2-1970 -0.06 1.54 61 25-4-1970 1.80-1 .52 194
bObi ~ 1- 3-1970 0.10-0.10 3.77 62 25-4-1970 1.52-1.29 128
21 23- 3-1970 0.02-0.02 2.53 63 25-4-1970 1.29-1.09 110
22 25- 3-1970 0.01-0.01 2.16 64 25-4-1970 1.09-1 .07 88.0
23 27- 3-1970 0.22-0.21 7.10 65 25-4-1970 1.07-1 d 9 102
24 28- 3-1970 0.12-0.12 4.19 66 25-4-1970 1.00-0.86 68.8
25 29- 3-1970 0.05-0.05 2.68 67 25-4-1970 0.86-0.79 58.0
26 30- 3-1970 0.03-0.03 2.47 68 26-4-1970 0.41-0.40 14.4
27 31- 3-1970 0.02-0.02 2.15 69 27-4-1970 0.19-0.18 6.90
28 1- 4-1970 0.02-0.02 2.14 70 29-4-1970 0.12-0.1 1 4.43
29 2- 4-1970 0.02-0.02 2.19 71 1-5-1970 0.00-0.00 2.27
30 4- 4-1970 0.14-0.13 4.27 72 2-5-1970 0.45-0.42 16.4
31 4- 4-:1970 0.08-0.08 3.30 73 4-5-1970 0.90-0.75 57.9
1132 7- 4-1970 0.09-0.08 3.29 74 4-5-1970 0.75-0.71 48.4
~3 9- 4-1970 0.02-0.02 2.17 75 4-5-1970 0.70-0.66 43.2
~4 11- 4-1970 0.33-0.32 10.5 76 4-5-1970 0.66-0.64 37.6
~5 11-4-1970 0.30-0.29 9.16 77 4-5-1970 0.87-0.76 55.3
~6 11-4-1970 0.26-0.26 8.60 178 6-5-1970 0.81-0.76 50.6
~7 12- 4-1970 0.18-0.18 5.30 79 6-5-1970 0.76-0.76 45.4
~8 13- 4-1970 0.28-0.26 8.30 80 7-5-1970 0.50-0.50 23.1
~9 15- 4-1970 0.12-0.12 3.55 81 8-5-1970 0.21-0.21 6.81
"'0 16- 4-1970 102-0.87 64.1 82 9-5-1970 0.14-0.14 4.44
r+l 16- 4-1970 0.80-0.73 53.2 83 10-5-1970 0.10-0.10 3.33

1
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Table 3.11 (flow)

List of the measurements of the ERRER flow at RAMERO-HEDAn

N° Date Height Dischar N° Date Height Pischa.r

(m) ge m~s (m) ge m~

84 8.06.1970 0.05 1.80 94 2.03.J971 0,00 1.46
85 17.07.1970 0.04 1.96 95 23.03.1971 -0.02 l,50
86 2.09.1970 0.23 6.00 96 22.04.1971 -0.04 l,56
87 16.09.1970 0.36 12.7 97 15.05.1971 0.21 6.96
88 30.09.1970 0.28 8.17 98 14.06.1971 0.00 1,86
89 14.10.1970 0.17 4.96 99 15.07.1971 0.14 - 0.13 3.95
90 28.10 .1970 0.27 - 0.25 8.50 100 5.08.1971 0.03 2.31
91 3.12.1970 0.03 2.10 101 1.10.1971 0.08 3.20
92 2.01.1971 0.00 1.74 102 31.10.1971 -0.01 1.72
93 31.01.1971 0.02 1.68

Note A11 the heights are inc1uded in the system of the first water 1eve1
recorder.

3. 1. 12. The DAKETA at HAMERO-HEDAn (14 200 km2)

The Daketa is the biggest intermittent tributary of the Wabi Shebe11e.
It springs in the granite mountains of Harar and then cuts across the 1imestone
plateau. Its gorges are wider and not so deep as those of the Errer. In these
gorges the main channel deve10ps and consists of alluvial sediments sometimes
as wide as 500 meters.

The station is 10cated at approximate1y 5 km from the junction Daketa
Wabi Shebe11e and its coordinates are 7° 22' N and 42° 17' E. This station
presents a considerable interest for the dam project at site II b since it
contro1s a11 the inf10ws downstream from the station of the Wabi Shebe11e to
Hamero-Hedad. For this dam-project, the intermediate basin which is not contro11ed
by these two stations on1y represents 2 600 km2.

Operating in this station presented many difficu1ties owing to the
very mobile nature of its section and particu1ar1y, to the modification of the
f10w channel after each important flood.

A first month1y water 1eve1 recorder inc1uding a staff gauge with four
roetric units was insta11ed on the 5th of February 1968. The gauge datum was at
e1evation -0.897 m of the bench mark. The cessation of f10w occured at approxi
mate1y 0.39 m. As the recordings were often incomp1ete owing to frequent
modifications of the 10w f10w channel, the water 1eve1 recorder was moved approxi
mate1y 200 m further upstream on the 19th of Ju1y 1970. The gauge datum is at
e1evation -2.310 m of a bench mark p1ugged in the rock, the cessation of f10w
corresponds to approximate1y 0.16 m in the new system.
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The correspondence between the two system results from a simul
taneous reading on both staff-gauges in 1970 and 1971. The result is satis
factory for levels higher than 1.50 m on the new staff-gauge;it is not so
accurate below this elevation.

Until June 1970 many gaps are noted in the recordings of the first
water level recorder. After June 1970, the recordings are complete until the
end of the observation period.

Rating

Eighty measurements were made between elevations 0.20 and 3.08 m
(present staff gauge) and correspond to the rating of the station (Table 3.12)
Apart from the first four measurements,all the gaugings took place during
the second rainy season of 1970 and during the first rainy season of 1971.

All the gaugings higher than 2.2Om on the staff-gauge result from
the measurements of surface velocities (floats or current meters).

Change of the calibration curve due to the modifications of the
channel were revealed by examining the measurements series. These changes of
the curve always occur after strong floods reading 2.7Om or more on the staff
gauge. During the measuring period(from 25.9.1910 to 19.5.1971) four different
rating curves (graph 111.12) were measured in this way. The changes of cali
bration curve always occur in the same direction, the discharge decreasing for
the same elevations, this showing a silting-up of the section after the flood.

It is difficult,owing to the instability of the bed , to convert
heights into discharges for observations made before or after the measuring
period.

For data prior to 25.9. J970, the four measurements of low flow
made in J968 and 1969 were used (old gauge system). These measurements seem to
correspond well with the first measurements of low flow of 1970.

Hence, it is believed that the section has scarcely been modified
during this period and the first rating curve (curve nO l of gra~III. J2) is ap
plied to the heights observed.

For data subsequent to 9.5.1971, the observation of records shows
that floods were very weak.hence,considerable changes of the calibration curve
were improbable. Consequently, the last ratirig curve has been applied (curve
N°4 of graph 111.12)

For the periods during which no gaugings were made a considerable
lack of precision as regards discharge may be expected though it cannot be
easily estimated.

Finally, the validity periods for the four rating curves are as
follows

Rating Validity Period Measurements

1 6 - 2 - 1968 to 21 - 10 - J970 1 to 27

2 22 - 10 - 1970 ta 24 - 3 - 1971 28 ta 39
5 - 4 - 1971 to 5 - 5 - 1971 50 to 71

3 25 - 3 - 1971 ta 4 - 4 - 1971 40 to 49

4 6 - 5 - 1971 to 31 - 1 - 1972 72 to 80
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The coefficients of rating curves are

R • °at1ng n

L (m) C (I,L) C (2,L) C (3,L)

0·00 0.0 0.0 0.0

0·16 0.2684526 E + 02 0.2098808 E + 01 0.0

0·40 0.3458330 E + 02 O. 1404 167 E + 02 0.2050000 E + 01

0·80 0.6619044 E + 02 0.4052382 E + 02 0.1320000 E + 02

1 ·50 0.8600000 E + 02 0.1590000 E + 03 0.7400000 E + 02

2·50 0.9727243 E + 02 0.3393635 E + 03 0.3190000 E + 03

3.60

Rating n° 2

L (m) C (1, L) C (2,L) C (3,L)

0·00 0.0 0.0 0.0

0016 0.1422620 E + 02 0.1794046 E + 01 0.0

0·40 0.2875000 E + 02 0.9124984 E + 01 0.1250000 E + 01

0·80 0.7976166 E + 02 0.2059541 E + 02 0.9500000 E + 01

1·50 0.8200000 E + 02 0.1370000 E + 03 0.6300000 E + 02

2·50 0.8087128 E + 02 0.3115642 E + 03 0.2820000 E + 03

3·85

Rating nO 3

L (m) C (1 ,L) C (2,L) C (3, L)

0.00 0.0 0.0 0.0

0.16 0.1020410 E + 01 0.5714286 E + 00 0.0

0.30 0.3928574 E + 02 0.3214293 E + 00 0.1000000 E +00

0.40 0.3045833 E + 02 0.6704150 E + 01 0.5250000 E + 00

0.80 0.7569034 E + 02 0.2617390 E + 02 0.8080000 E + 01

Beyond 1,50 m identical to rating nO 2
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Rating N° 4

..

L (m) C (J ,L) C (2,L) C (3,L)

0.00 0.0 0.0 0.0

0.16 0.1020410 E + 01 0,5714286 E + 00 0.0

0.30 0.2857146 E + 02 0.6428556 E + 00 0.1000000 E + 00

0.40 0.2141666 E + 02 0.5858335 E + 01 0.4500000 E + 00

0.80 0.8769031 E + 02 0.6873932 E + 01 0.6220000 E + 01

1.50 0.7400000 E + 02 0.1250000 E + 03 0.5400000 E + 02

2.50 0.9437889 E + 02 0.3148103 E + 03 0.2530000 E + 03

3.85

Table 3.12

List of the measurements of the DAKETA flow at HAMERO-HEDAD

N° Date Height Discharge N° Date Height Discharge
(m) (m3/s) . (In) .. (m3/s)

1 27- 5- 968 0.51 1.36 28 22":'"10-:-1970 1.21-1.18 30.4
2 31- 5- 968 0.43 0.23 29 23~1O-1970 0.59-0.58 3.80
3 4-12- 968 0.42 o. 16 30 26-10-1970 0.45-0.44 1.33
4 14. 5- 969 0.49-0.48 1.04 31 27-10-1970 1.06-1 .03 24.0
5 25- 9- 970 2.86 459 32 29-10-1970 0.61 4.56
6 25- 9- 970 2.05 187 33 30-10-1970 0.50-0.48 2.40
7 26- 9- 970 0.96-0.93 20.6 34 31-10-1970 0.35 0.95
8 26- 9- 970 0.87-0.83 16. 1 35 1-11-1970 0.29 0.50
9 26- 9- 970 0.73-0.70 9.80 36 2",:,,11-1970 0.26 0.32

10 27- 9- 970 0.48-0.46 3. 12 37 3":'"11":'"1970 0.23 0.23
Il 28- 9- 970 0.42-0.41 2.23 38 4-11-; 1970 0.21 0.15
12 28- 9- 970 0.31-0.30 0.85 39 25~ 3-1971 1.50-1.62 73.4
13 28- 9-1970 0.27 0.67 40 26- 3-1971 0.82-0.81 9.10
14 29- 9-1970 0.23 0.32 41 26- 3-1971 0.77-0.73 5.90
15 11-10-1970 0.50-0.46 3.53 42 27- 3-1971 0.56 2.22
16 14-10-1970 0.28 0.82 43 28- 3-1971 0.40 0.50
17 15-10-1970 0.21 0.27 44 29- 3-1971 0.33 0.14
18 17-10-1970 0.96-0.92 20.7 45 31- 3-1971 0.31 0.12
19 17-10-1970 0.84-0.77 12.8 46 3- 4-1971 0.47 1.22
20 17-10-1970 1.86-1 .80 106 47 4- 4-1971 0.90-0.80 lL2
21 17-10-1970 1.81-1.76 111 48 4- 4-1971 0.68-0.66 4.30
22 18-10-1970 1.31-1.50 63,9 49 4- 4-1971 0.61 3.18
23 19-10-1970 1.44-1.39 59.5 50 6- 4~1971 0.96-0.95 14.9
24 19-10-1970 1.30-1.27 48.3 51 7- 4-1971 0.76-0 ••n 7.68
25 19-10-1970 1. 10-1 .08 26.1 52 7- 4-1971 2.60-2.50 296
26 20-10-1970 2.12-2.03 188 53 7- 4-1971 2.30-2.10 201
27 20-10-1970 1.87-1.76 128 54 8- 4-1971 0.57-0.56 2.56
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Table 3.12

List of the measurements of the DAKETA flow at HAMERO-HEDAD

N° Date
Height Discharge N° Date Height Discharge

(m) (m3/ s) (m) (m3/s)

55 10- 4-1971 1. 00-0.92 17. 1 68 3- 5-1971 1.08 24.5
56 11- 4-1971 1.75-1 .60 87.0 69 3- 5-1971 2.02-1.92 156
57 11- 4-1971 1.55-1.50 67.8 70 4- 5-1971 1.47-1.48 59.0
58 11- 4-1971 1.47-1.37 47.5 71 5- 5-1971 1.32-1 .20 35.4
59 11- 4-1971 1.30-1 .25 36.8 72 6- 5-1971 3.10-3.06 470
60 11- 4-1971 1.23-1 . 17 32.6 73 7- 5-1971 2.70-2.50 290
61 13- 4-1971 1.47-1.43 54.8 74 7- 5-1971 1.17-1.13 19.4
62 13- 4-1971 1.40-1.34 46.6 75 8- 5-1971 0.69 3.80
63 15- 4-1971 0.51 2.38 76 9- 5-1971 1.04-0.98 13.9
64 23- 4-1971 0.21 0.10 77 9- 5-1971 0.91-0.93 9.30
65 25- 4-1971 0.20 0.05 78 11- 5-1971 1.61-1.59 53.6
66 29- 4-!971 0.17 0.02 79 12- 5-1971 1.11-1.09 16.6
67 3- 5-1971 .40-1.17 37.2 80 13- 5-1971 0.63 2.98

3.2. THE BASIN OF THE FAFEN

The hydrometric system consists of two stations: the first on
one of the main branches of the Fafen : The Jere~ and the second on the

Fafen before it flows into the flood plàins.

3.2.1 The Jerer at Degahbour (6 470 km2)

The Jerer is the only important tributary of the Fafen. It origi
nates in the North of Jijiga and presents an intermittent flow limited to
rainy periods only.

The station is lQcated at Degahbour village and its coordinates
are 8° 13' N and 43° 33' E It is equipped with a monthly water-level recorder
installed on the 9th of October 1967 and with three staff metric units. The
gauge datum is at elevation -1.699 m under the bench mark. An observer measu
red the height of flow during floods and these observations enabled correcting
as regards heights the often inaccurate water level recordings.

Apart from a gap of nine days in October 1971 observations are
complete from 9.1.1967 to 31.12.1972.

Rating

The rating of the station consists of seventy two measurements from
elevation 0,11 to 1,45 m (table 3~13).
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Three measurements were made in 1967, twenty one during the second
rainy season in 1970, and fourty eight during the first rainy season of 1971.

An apron built in June 1970, approximately 100 m downstream,
considerably disturbed the hydrological conditions of the station since it
caused an accumulation of transported sediments and a higher bottom of the
channel. A series Oftfiight cross-sections carried out from the 21st of Oc-
tober 1970 to the 16 of may 1971 at the water-level recorder revealed the
influence of the apron (graph III. 13). During this period the river bed was 50 cm
higher. The cessation of the flow corresponding before to 0.00 m on the staff
gauge was then 0.45 m. Rence successive changes of the calibration curve may
be noted after each flood.

The rating curves (graph 111.14) were plotted after a very complete
study of each series of measurements.

The three measurements of low-flow made in 1967 were used for the
plotting of the rating curve before the apron was constructed (curve nOl)
this presupposing that the station was stable at that time.

For curves nO 2 and 6, the measurements of 1970 and 1971 were used.
Curve nO 7,corresponding to a period before measurements were carried out, is
derived from curve nO 6 through relation to the cessation of flow at elevation
0.57 m

To summarize, the validity periods of the se curves are

Heigh t of

Rating Validity period cessation Measurements
of flow (m.)

0 1 9-10-1967 to 25- 9-1970 0.00 1 to 3n

2 26- ~-1970 to 14-10-1970 0.04 4 to Il

3 15-10-1970 to 22-10-1970 0.04 12 to 17

4 23-10-1970 to 10- 4-1971 0.20 18 to 36

5 11- 4-1971 . co 6- 5-1971 0.37 37 to 59

6 7- 5-1971 to 31- 5-1971 0.45 60 to 72

7 After 31-5-1971 0.57

The equations of the rating corves are given below
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L (m) C (1. L) C (2.L) C (3.L)

-0.20 0.0 0.0 0.0

0.00 0.2000002 E + 02 0.9999981 E +00 0.0

0.20 0.4600008 E + 02 0.1279997 E + 02 0.1000000 E + 01

0.40 0.6624998 E + 02 0.3074998 E + 02 0.5400000 E + 01

0.80 0.5041692 E + 02 0.7341660 E + 02 0.2830000 E + 02

1.40 0.5277780 E + 02 O. 1324999 E + 03 0.9050000 E + 02

2.00

Rating nO 2

L (m) C (1. L) C (2.L) C (3.L)

0.00 0.0 0.0 0.0

0.04 0.1344170 E + 02 0.5208292 E + 00 0.0

0.20 0.4999974 E + 02 0.1010001 E + 02 0.4300000 E + 00

0.30 O. 1200009 E + 02 0.2459998 E + 02 O. 1940000 E + 01

0.45

Rating nO 3

L (m) C (1. L) C (2.L) C (3.L)

0.00 0.0 0.0 0.0

0.04 0.1354170E + 02 0.5208292 E + 00 0.0

0.20 0.2199988 E + 02 0.7900002 E + 01 0.4300000 E + 00

0.30 O. 1200000 E + 02 O. 1340000 E + 02 O. 1440000 E + 01

0.50 0.1000003 E + 02 O. 1799997 E + 02 0.4600000 E + 01

0.80 0.6666315 E + 01 0.2433337 E + 02 O. 1090000 E + 02



Rating nO 4
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,

L (m) 'C (1, L) C (2,L) C (3, L)

0.00 '0.0 0.0 0.0

0.20 0.5000005 E + 02 0.4999924 E + 00 0.0

0.30 0.2099994 E + 02 0.8400010 E + 01 0.5500000 E + 01

0.50 0.8166704 E + 01 0.1998331 E + 02 0.3070000 E + 01

0.80 0.1199978 E + 02 0.2580002 E + 02 0.9800000 E + 01

1.05

Rating nO 5

L (m) C (1, L) C (2,L) C (3, L)

0.00 0.0 0.0 0.0

0.37 0.3038461 E + 02 -0.1180768 E + 01 0.0

0.50 0.8133336 E + 02 0.7933334 E + 01 0.3600000 E + 00

0.70 0.1500003 E + 02 0.4149997 E + 02 0.5200000 E + 01

1.00 0.4250005 E + 02 0.4300005 E + 02 0.1900000 E + 02

1. 40 0.5625117 E + 02 0.8624934 E + 02 0.4300000 E + 02

1.80

Rating nO 6

L (m) C (1, L) C (2,L) C (3, L)

0.00 0.0 0.0 0.0

0.45 0.4400005 E + 02 0.3999929 E + 00 0.0

0.55 0.4600002 E + 02 0.1149999 E + 02 0.4800000 E + 00

0.70 0.5200001 E + 02 0.2239998 E + 02 0.3240000 E + 01

0.90 0.2500055 E + 02 0.4449974 E + 02 0.9800000 E + 01

1.30
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L (m) C ( 1•L) C (2 L.) C (3.L)

0.00 0.0 0.0 0.0
0.57 0.3833345 E + 02 -0.3166752 E + 00 0.0
0.65 0.6400003 E + 02 0.7599976 E + 01 0.2200000 E + 00
0.80 0.4000021 E + 02 0.2349995 E + 02 0.2800000 E + 01
1.20 0.4000099 E + 02 0.5066628 E + 02 0.1860001 E + 02
1.50

Table 3.13

List of the measufements of the JERER flow at DEGAHBOUR

N° Date Height Dis charge N° Date Height Discharge
(m) (TD3/ s). .. ,(m) . , . , . (m3/s)

1 5-10-1967 0.35 -0.23 2.95 21 24-10-1970 ~.41 - 0.4C . 1.99
2 5-10-1967 0.44'-0.40 6.07 22- 26-10-1970 ~.80 - 0.6C ,Unin:~"Meas •
3 7-10-1967 0.18 -0.17 0.76 23 26-10-1970 ~.60 - 0.5C 3.40
4 5-10-1970 O. Il 0.09 24 26-10-1970 p.50 - 0.4~ 2.36
5 12-10-1970 0.28 -0.26 1. 73 25 4- 4-1971 p.47 - 0.4C 2.00
6 12-10-1970 0.26 -0.25 1. 18 26 5,..'4-1971 0.57 - 0.5; 5.16
7 12-10-1970 0.25 -0.25 1.07 27 5- 4~1971 0.55 4.78
8 12-10-1970 0.24 -0.24 0.86 28 6- 4-1971 0.53 - 0.52 3.42
9 12-10-1970 0.22 -0.21 0.51 29 6- 4-1971 0.50 - 0.49 3.08

10 12-10-1970 0.21-0.20 0.43 30 7- 4-1971 0.95 - 0.91 13.0
11 12-10-1970 0.20 -0.20 0.43 31 7- 4-1971 0.88 - 0.87 11.9
12 17-10-1970 0.50 -0.44 3.99 32 7- 4-1971 0.78 - 0.75 9.72
13 17-10-1970 0.44 -0.38 3.16 33 7- 4-1971 ~.73 - 0.72 7.95
14 17-10-1970 0.38 -0.35 3.32 34 7- 4-1971 ~.70-0.6a 6.77
15 17-10-1970 0.35 -0.34 2.21 35 7- 4-1971 fO.65 - 0.64 6.30
16 - 20-10-1970 0.85 -0.46 Uninterrup 36 7- 4-1971 0.60 - 0.59 4.90
17- 20-10-1970 0.46 -0.33 iaeasuremen 37 10- 4-1971 0.65 5. 11
18 24-10-1970 0.47 -0.42 2.52 38 12- 4-1971 0.75 6.64
19 24-10-1970 0.42 -O.L] 2.61 39 ]2- 4-1971 b.73 - 0.72 6.62
20 24-]0-]970 0.44 -0.43 2.29 40 12- ,4-1971 0.70, 5.13

• Uninterrupted measurements nO 16 -

• Uninterrupted measurements nO 22

17 H • 0.80 m
0.70
0.60
0.50

H • 0.80 m
0.70
0.60

Q. 8.20 m3/s
7.00
5.70
4.30

Q • 10.0 m3/s
7.10
4.70
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Table 3.13

List of the measurements of the JERER flow at Degahbour

~-- -- ----.--------_ ..__............_._----
N° Date Height Discharge N° Date Height Discharge

(m) . (mJ/ s) .. (m) . (mJ/s)

41 12-4-1971 0 , 67 4.40 57 5-5-1971 0.60 -0.61 2.69
42 13-4-1971 0.62 2.58 58 6-5-1971 0.61 -0.60 1.96
43 14-4-1971 0.54 0.82 59 6-5-1971 0.59 -0.59 1. 47
44 15-4-1971 p.72 -0.71 5.32 60 7-5-1971 0.53 -0.52 0.25
45 15-4-1971 0.67 4.34 61 8-5-1971 1.00 -0.98 13.6
46 20-4-1971 0.49 0.30 62 8-5-1971 0.95 -0.93 12.5
47 20-4-1971 0.46 O. 11 63 8-5-1971 0.90 -0.89 8.81
48 3-5-1971 0.43 0.08 64 9-5-1971 0.75 -0.74 4.38
49 4-5-1971 1.45 -1.37 43.9 65 9-5-1971 0.69 -0.69 2.08
50 4-5-1971 1.31 -1.30 35.2 66 10-5-1971 0.69 -0.68 2.58
51 4-5-1971 1.22 -1.20 31.5 67 10-5-1971 0.64 -0.63 1. 71
52 4-5-1971 l.11 -1.10 23.8 68 11-5-1971 0.59 -0.58 0.92
53 4-5-1971 1.05 -1. 03 21.7 69 12-5-1971 0.55 -0.55 0.51
54 4-5-1971 p.90 -0.88 14.0 70 13-5-1971 0.68 -0.66 2.77
55 5-5-1971 p.69 -0.68 4.20 71 13-5-1971 0.62 -0.61 1.29
56 5-5-1971 p.64 -0.63 3.36 72 14-5-1971 0.56 -0.56 0.41

3.2.2. The Fafen at Kebri Dahar (25 600 km2)

The station controls the discharge of the Fafen before it flows into
large water spreading basins where it finally dissapears throughinfiltration
and evaporation.

Four staff-units have been installed on the Kebri Dahar bridge on
the 28th of June 1968. The coordinates of the station are 6° 45' N and 44° 17' E
The measurements of water levels made twice a day are complete for aIl the
observation periode

Rating

The rating of the station consists of fifty four measurements made
between elevations 0.56 and 1.40 m (table 3.14).

The maximum observed is 1.80 m and the cessation of the f10w occurs
at approximately 0.42 m.

A slight instability of the station appears when examining the series
of measurements for e1evatl0ns below 1.30 m.
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Four rating. curves are plotted (graph 111.15):

a)curve 1 is a mean curve plotted in the middle of the measurement
points and is used for periods for which no measurements of discharge are
available.

b) curves 2, 3 and 4 characterize the rating periods. The maximal
relative deviation between the extreme curve is approximately 20 per cent for
elevation 1.00 m on the staff gauge. Above elevation 1.30 m the curves meet
and forro a single curve. The extrapolation of the curve for high flow was made
from the sections of the flow and from the extrapolation of the velocity
curve.

The validity periods for each of these curves are as follows

curve 1 before 25.9.1970
after 8.7.1971

Curve 2 from 26.9.1870 to 5.4.1971
curve 3 from 6.4.1971 to 7.5.1971
curve 4 from 8.5.1971 to 8. 7. 1971

The equations of the rating curves are given below
Rating nO 1

L (m) C (l, L) C (2,L) c (3,L)

0.00 0.0 0.0 0.0

0.42 0.8333331 E 01 0.1666670 E 00 0.0

0.60 0.4250006 E 02 0.6749985 E 01 0.3000000 E 00

0.80 0.3999998 E 02 0.2399998 E 02 0.3349999 E 01

0.90 0.3250140 E 02 0.3524983 E 02 0.6150000 E 01

1. 10 0.2444580 E 02 0.4899951 E 02 0.1450000 E 02

1.40 o. 7500336 E 02 0.6349939 E 02 0.3139999 E 02

1.60 -0.9995490 E 01 0.8899921 E 02 0.4709999 E 02

1.80

Ratiog nO 2

L (m) C (l, L) C (2, L) C (3,L)

0.00 0.0 0.0 0.0
-

0.42 0.1157407 E oi -0.2777863 E-Ol 0.0

0.60 0.5350012 E 02 0.6949970 E ni 0.3699999 E 00

0.80 0.1999998 E 02 0.2899998 E 02 0.3900000 E 01

0.90 0.3500151 E 02 0.3549982 r: 02 0.7000000 E 01

1.10 O. 1777885 E 02 0.4866629 E 02 0.1550000 E 02

1.40 0.9000328 E 02 0.5899940 E 02 O. 31 70000 E 02

1. 60 -0.9995490 E 01 0.8899921 E 02 0.~709999 E 02

1.80
. - . - - - - --- -- ------
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Rating nO 3

L (m) C (1 ,L) C (2,L) C (3,L)

0.00 0.0 0.0 0.0

0.42 0.6018520 E 01 0.3055553 E 00 0.0

0.60 0.3550008 E 02 0.6139983 E 01 0.2500000 E 00

0.80 0.2999998 E 02 0.2049998 E 02 0.2900000 E 01

0.90 0.2750145 E 02 0.3574983 E 02 0.5250000 E 01

1. 10 0.2666808 E 02 0.4999951 E 02 0.1350000 E 02

1.40 0.5000319 E 02 O. 7099942 E 02 0.3089999 E 02

1.60 -0.9995490 E 01 0.8899921 E 02 0.4709999 E 02

1.80

Rating nO 4

L (m) C (1 ,L) C (2,L) C (3,L)

0.00 0.0 0.0 0.0

0.42 0.1157407 E 02 -0.2777863 E -01 0.0

0.60 0.4400012 E 02 0.7099969 ,E 01 0.3699999 E 00

0.80 0.3999998 E 02 0.2399998 E 02 0.3549999 E 01

0.90 0.4750163 E 02 0.3474982 E 02 o.6349999 E 01

1. 10 O. Il 11205 E 02 0.5166629 E 02 0.1520000 E 02

1.40 0.9000328 E 02 0.5899940 E 02 0.3170000 E 02

1.60 -0.9995490 E 01 0.8899921 E 02 0.4709999 E 02

1.80

Table 3.14

List of the measurements of the FAFEN flow at KEBRI-DAHAR

N° Date Height lDischarge N° Date Height Discharge

(m) (m3/s) (m) (m3/s)

1 27- 9-1970 0,90-0,89 6,68 6 13-10-1970 0,64-0,65 0,85
2 27- 9-1970 0,83-0,82 4,30 7 14-10-1970 0,58-0,58 0,27
3 28- 9-1970 0,70-0,69 1,38 8 15-10-1970 0,68-0,67 1,20
4 28- 9-1970 0,65-0,65 0,86 9 15-10-1970 0,77-0,78 3,23
5 29- 9-1970 0,59-0,58 0,40 10 19-10-1970 0,88-0,88 6,60



- 169 -

Table 3.14

List of the measurements of the FAFEN flow at KEBRI-DAHAR

N° Date Height Discparge N° Date Height Discharge
(m) (m3/s) (m) (m3/s)

Il 19-10-1970 0.86-0.85 5.81 33 16- 4-1971 0.75-0.74 1. 95
12 19-10-1970 0.80-0.79 3.37 34 16-- 4-1971 0.78-0.78 2.79
13 22-10-1970 0.74-0.74 2.20 35 18- 4-1971 0.60-0.60 0.29
14 26-10-1970 0.89-0.87 6.35 36 20- 4-1971 0.56 0.12
15 28-10-1970 1.14-1.14 17.5 37 21- 4-1971 0.59 0.25
16 28-10-1970 1.11-1.10 15.7 38 27- 4-1971 0.76-0.75 2.35
17 28-10-1970 1.00-1.00 11.6 39 6- 5-1971 1.29-1 .28 24.1
18 29-10-1970 0.80-0.80 4.05 40 6- 5-1971 1.25-1 ~24 20.1
19 7- 4-1971 0.78-0.77 1.93 41 6- 5-1971 1.23-1.22 20.8
20 7- 4-1971 0.79 2.42 42 7- 5-1971 1.18-1.20 19. 1
21 8- 4-1971 0.73-0.72 1.56 43 7- 5-1971 1.27-1.29 22.8
22 8- 4-1971 0.68-0.67 0.96 44 7- 5-1971 1.33-1.34 26.4
23 8- 4-1971 0.65-0.64 0.62 45 7- 5-1971 1.36-1 .37 28.4
24 9- 4-1971 0.77 2.12 46 8- 5-1971 1.41 32.0
25 9- 4-1971 0.97-1.00 7.07 47 8- 5-1971 1•14-1 • 11 16.8
26 10- 4.1971 0.80 3.61 48 10- 5-1971 1.14-1.16 17.4
27 11- 4.1971 0.88-0.85 4.48 49 10- 5-1971 1.27-1.29 25.8
28 11- 4.1971 0 ..74 1.88 50 11- 5-1971 0.97-0.96 9.0
29 12- 4.1971 0.67 0.90 51 11- 5-1971 0.93-0.93 8.10
30 13- 4.1971 0.70 1.36 52 11-5-1971 0.88-0.88 5.80
31 14- 4.1971 0.87-0.86 4.39 53 12- 5-1971 0.84-0.84 4:58
32 14-4.1971 0.81 3.37 54 12- 5-1971 0.78-0.77 2.90

3.3 Global results of h drometric observations and of measurements
of l.SC arge

These results are given in tables 3.15 and 3.16 and calI forth the
following remarks ;

a) Apart from tbree stations in the Lower Valley (Imi, Gode and
Burkur) installed at the beginning of 1969,hydrometric observations started
in aIl the stations in 1967 and 1968. Complete records ~or three to five
water-years are thus available at each station.

b) Intensive measurements of discharge were carried out in 1969
1970 and 1971. Correct rating based on the annual amplitude observed at most
of the stations was thus possible. The necessary extrapolations in order to
convert the highest flows into discharge data are usually small except for the
three small stations of the upper basin (Wabi Shebelle and Maribo).



TABLE 3.15

Hydrometrie equipment of the basin of the WABl SHEBELLE

eoordinates Date of operating Charaeteristies of the staff-gauge water
Basin level eable-

N° River Station area
Ist 2nd

reeor- way
(km2) latitude longitude Units Gauge datum observer der

N E
seale scale (m) *(m)

1 WABl SHEBELLE bridge road 1 260 6°59 ' 39°03' 30- 1-1967 4 yes
of DODOLA

2 WABl SHEBELLE MALKA-WAKANA 5 290 7°13' 39°24' 22- 7-1967 6- 1-1968 4 -4.217 yes yes

3 WABl SHEBELLE LEGE-HIDA 21 500 7°53' 40°54' 4- 4-1968 6 -4.00 yes yes yes

4 WABl SHEBELLE HAMERO-HEDAD 64 450 7°19' 42 ° 1l ' 11- 2-1968 9 -8.030 yes yes

5 WABl SHEBELLE lMl 91 600 6°31 ' 42°08' 1- 3-1969 11- 6-1969 5 -3.422 yes yes

6 WABl SHEBELLE GODE 27 300 5°51 ' 43°33' 4-10-1967 24- 6-1968 7 -6.410 yes yes

5°35' 44°13'
1

7 WABI SHEBELLE KELAFO 39 100 8- 1-1969 4-1969 8 yes \

8 WABI SHEBELLE BURKUR 44 000 5° Il ' 44°48' 6- 1-1969 25- 7-1969 8 -7.484 yes yes

9 MARlBO Bridge road 260 7°00' 39°22' 24- 1-1967 3 yes
of OODOLA

10 MARIBO Confluence 1 220 7°06' 39°19' 1- 1-1968 4 yes

11 ERRER HAMERO-HEDAD 14 200 7°43' 42°03' 23- 5-1968 11- 5-1970 6 yes yes

12 DAlŒTA HAMERO-HEDAD 14 200 7°22' 42°17' 5- 2-1968 19- 7-1970 4 -2.310 yes

13 JERER DEGAHBOUR 6 470 8°13' 43°33' 9-10-1967 3 -1.609 yes yes

14 FAFEN KEBRl-DAHAR 25 600 6°45' 44°17' 28- 6-1968 4 yes

* Compared to the nearest beneh mark

.......
o
1



TABLE 3.16

Global results of rating at the stream gauging stations

~umber of annual measurements Minimum Minimum minimal maximal maximal maximal
N° River Station elevation Height discharge elevation height discharge

observed of measured observed of measured
1967 1968 1969 1970 1971 1972 (m) ~à8~~men (m3/s) (m) ~as~fu"I1 (m3/s)

1 WABI SHEBELLE bridge road 2 6 9 1 0.54 0.54 0.84 2.80 1.12 13 .8of DODOLA

2 WABI SHEBELLE MALKA-WAKAN~ 3 15 55 28 1 0.50 0.52 3.40 2.89 2.40 130
3 WABI SHEBELLE LEGE-HIDA 2 124 2 2 0.28 0.34 7.20 4.30 3.89 630
4 WABI SHEBELLE HAMERO-HEDAD 16 43 85 35 0.78 0.81 7.80 6,20 5.05 607..
5 WABI SHEBELLE lMI 27 47 41 -0.09 -0.07 11.7 2.78 2.46 540
6 WABI SHEBELLE GODE 15 45 49 4 -0.49 -0.49 4.20 3.93 3.83 594
7 WABI SHEBELLE KELAFO 6 39 14 2.86 2.91 3.60 7.89 7.82 313
8 WABI SHEBELLE BURKUR 42 44 2 -0.48 -0.19 7.00 5.89 5.88 243
9 MAllIBO bridge road 2 6 15 3 1 0.50 0.52 0.10 2.25 1.35 10.3of DODOLA

10 MARIBO confluence 2 4 12 3 1 0.62 0.62 0.38 2.76 1.58 25.3
11 ERRER ImMERO-HEDAD 1 10 7 73 12 -0.06 -0.06 1.46 3.27 3.16 571
12 DAKETA RAME RO-HEDAD 3 1 34 42 0.16 * 0.20 0.06 3.82 3.08 450
13 JERER DEGAHBOUR 3 21 48 de 0 à O. Il 0.09 2.00 1.45 44.0

0.57 *
14 FEFEN KEBRI-DAHAR 18 36 0.42 * 0.58 0.27 1.80 1. 41 32.0

*Cessation of the flow (temporary river)
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CHAPTER IV

Diacharge records

Mean dai1y discharges have been ca1cu1ated from the observations and
hydrometric measurements presented in chapter III and are co11ected in a special
annexe to the present report.

These mean dai1y dis charges are computed from the records made twice
a day at the stations equipped with an ordinary staff-gauge, or from the water
1eve1 recordings of stations equipped with a permanent automatic water-1eve1
recorder.

In the case of water 1eve1 recordings, the e1aborating process varies
according to the station :

a) For the Wabi Shebe11e stations, a constant interva1 was taken into
consideration (six points a day for high f10w and two points a day for 10w f10w).
For flash flood periods the chosen interva1 being too short, a variable interva1
was used for the e1aboration of data.

b) For the Errer, Daketa and Jerer stations a variable time interva1
was used for the interpretatton of a11 the observations.

Gauge-heights were automatica11y computed into discharge data using
the conversion program in use at the Hydro10gica1 Service of ORSTOM : p0 H 301
for the records with a fixed time-interva1, p0 H 327 for records with either
fixed or variable time-interva1s ; p0 H 310 for the integra1 water 1eve1 recor
dings (variable interva1s).

A11 these unprocessed discharges are presented as they are in the annexe.

The basic data presented for each station in this chapter are derived
from the collection of unprocessed data.

When observations are incomp1ete for certain years and when the gaps
correspond to short periods, the 1acking discharge data are ca1cu1ated from dai1y
or month1y relations between stations or from interpolation of dai1y discharges
during the recession periode In these cases the discharge data, either comp1eted
or computed,are given within brackets.

For each station, the basic data are presented in two tables for each
water-year (from the lat of February to the 31st of January) t.~ :

a) a table iiving the mean lOOnth1y and annua1 discharges and the long
-term average discharges for the observation periode

b) a table of characteristic discharges, the 1ist and signification of
which is given be10w
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- Minimum low flow : mean daily minimum discharge of the water
year. Even if this flow occurs after the 31st of January it is included in
preceding water-year to which it is in fact related.

- DCE : mean daily discharges exceeded during 255 days in the year.
It is calculated from the ftŒnimum flow and consequently it may appear after the
31st of January which is the last day of the water-year.

- DC9, DC6,DC3 : mean daily discharges exceeded during respectively
9,6 and 3 months of the year.

- DCC mean daily discharge exceeded during 10 days in the year.

- Flood : maximum instantaneous discharge of the water-year.

For the main stations presenting different flow conditions, graphs
show the daily variations of discharge for 1971-1972 which is on the whole the
weakest water-year of the whole observation period, but which, as revealed by
the study of annual flow (chapter V), is the most approximated to the average
year.

The same graphs are applied to both the Wabi Shebelle stations for
1968-1969 which is an important water-year.

4.1. WAHl SHEBELLE STATIONS

4.1.1. The Wabi Shebelle at the bridge-road of Dodola (1 260 km2)

- Mean monthly and annual discharges for five complete years

- Long-term average discharge for the period : 8.20 m3/s i.e
a specifie discharge of 6.20 LIs km2

- Minimum low water discharge observed
0.87 LIs km2

- Maximum high flow discharge
84.0 LIs km2

1.10 m31 s or

106 m3/s or

Great regularity of the mean annual dis charge owing to a base
flow which remains high.
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Mean monthly discharge in m3/s Mean
Year annual

F M A M J J A S 0 N D J bi~~har

1967-196~ 1.34 1.23 1. 91 2.46 1.91 10.2 18.4 24.6 21.0 16. 1 2.34 1.39 8.60
,.

1969-197C 2.65 3.49 18. 1 9.36 8.59 7.85 11.8 17.3 7. 17 1.92 1.64 3.34 7.75

1969-197C 4.39 6.75 3.43 4.75 4.06 14.3 29.7 16.4 3.56 1. 92 1.50 2.47 7.81

1970-1971 1. 84 7.21 7.87 5.70 2.73 7.65 26. 1 22.4 8.34 2.24 1.43 1.64 7.97

1971-1972 1. 37 1. 71 3. 13 7.44 9.08 20.3 29.5 14.7 11.4 3.52 2.52 2.10 8.97

Average 2.32 4.08 6.89 5.94 5.27 12. 1 23.1 19. 1 10.3 5.14 1.89 2.19 8.20

Characteristic dis charge in m3/s

Year
Minimum low Characteristic discharge

Maximum high
Flnw flow

Q Date DCE DC9 DC6 DC3 DCC Q Date

1966-196, 1. 10 ' 26- 3-67

1967-196S 1.24 29- 1-68 1.10 1.38 2.34 10.3 38.2 106 7-10-67

1968-1969 1. 38 27-12-68 1.38 2. 11 4.28 10'.1 29.0 59.7 20- 4-68

1969-197C 1. 24 17- 2-70 1.38 1.96 3.81 9.50 37.2 71.9 21- 8-69

1970-1971 1• 10 10- 3-71 1. 38 1.81 4.77 10. 1 34.9 90.9 28- 8-71

1971-197~ 1• 10) 1.88 4.77 12.8 35.1 67.5 7- 8-71

4.1.2. The Wabi Shebelle at Malka Wacana (5 290 km2)

The observations correspond to a period of six years. The monthly dis
charges from February to August 1967 were obtained by relating a monthly scale
to the station of the Dodola bridge-road.

- Long-term average discharge for the period 28.9 m3/s or 5.50 LIs km2

- Minimum low flow discharge observed : 301 DÛ/S or 0.57 L/s km2

- Maximum high flow discharge observed : 228 DÛ/S or 43.1 L/s km2

- As in the case of the preceding station the mean annual discharge is
very regular owing to a high basic flow.
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He an

Year r1ean monthly discharge in m3/s annual
dischar-

F M A M J J A S 0 N D J ge m3/s

1967-1968 (4.6 (4.4) (6.4) .t8,8) (6,4) (35.( ~78. ,~72.S ~8.4 ~3. a 8.7, 4.22 (28.5)
1968-1969 15.6 21.1 68.5 32.8 20.3 43.~ 74.~ 43.C ~3.2 9.64 5.8CJ 9.4~ 30.7
1969-1970 17.7 40.5 19.2 ~2.3 ~.3CJ 43.2 89. , 50.2 14.0 6.62 4.97 8.5C 27.3
1970-1971 5. If 29.3 31.0 16.4 .63 2801 99.S 74.2 34.5 10. S 4.61 4.6~ 29.0
1971-1972 4.0 1 4.5~ 12.9 22.7 25. 9 57.5 90.2 52.3~7.3 ~2. 4 7.27 5.4f 28.8
1972-1973 13.3 14.8 43.7 18.9 8.9S 39.2 55.5 42.«; ~.27 7.77 4.76 4.35 22.0

!Average 10. 1 19 ~ 1 30.3 20.3 12.9 41.3 81 • ~ 55.9 32.8 J5.0 6.05 6. 12 27.7

Characteristic discharge in m3/s

Year Hinimum low
Characteristic discharge

Maximum high
flow flqw

Q Date DCE DC9 Dc6 DC3 DCC Q Date
~ . -. --

1967-1968 3.9C 31- 1-68 (112 ) 228 7-10-67

,1968-1969 4.62 27.12.68 5. 12 9.67 19.2 45. 1 91.1 133 210 4,68

1969-1970 3.9<J 21- 2-70 4.62 7.30 15. 1 38.2 101 147 24- 8-69

1970-1971 3.01 6. 3771 4. 13 5.90 16.3 39.4 123 180 29- 8-70

1971-1972 4.3, 1- 2-72 4.62 5.95 15.6 42.7 103 143 6-10-71

1972-1973 (3.6, )31- 1-73 (4.37) 6.52 10. 7 37.4 72.6 106 14- 4-72

Graph IV.l shows the daily distribution of discharges for two years : 1968
1969 and 1971-1972.

Exceptionally, for this station, the discharges of 1972-1973 are given because
they correspond to a very weak water-year and are very useful for the dam-project
at MALKA-WACANA.

4.1.3. The Wabi Shebelle at Lege Hida (21 500 km2)

Only discharges for two years are available. The data for February and March
1970 have been reconstructed from the upstream and downstream stations.
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WABI SHEBELLE AT HAMERO-HEDAD
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Mean monthly dis charge in m3/s
Mean
annual

Year discha
F M A M J J A S 0 N D J 2e m3/!

970-1971 12,0) 1. 148) 93,0 54,5 16,1 82,9 287 168 89,S 28,1 9,20 8,00 (83.0)

971-1972 6.92 12.4 47.8 56. 1 58.5 114 160 97.8 82.8 53.5 4, 2 8.90 59.4

Characteristic discharge in m3/s

Year Minimum low Characteristic discharge Maximum hi gh,_•.. flnrJ

Q Date DCE Dc9 DC6 DC3 DCC Q Date

1970-1971 5,21 15. 3.71 7,36 (15,0) 64.7 156 372 717 17. 3.70

1971-1972 5.21 (12.5) 42.0 95.E 195 327 16.11.71

4.1.4. The Wabi Shebelle at Ramero Redad (64 450 km2)

Observations are available for four years. The mean discharges in May and June
have been reconstituted by correlation of the monthly scale with the Lege Rida
and Imi stations. The gaps for 1968 and 9170 correspond to only a few days during
low flow and vere compensated for by interpreting the recession curves.

- Long-term average discharge computed for a period of four years :106 m3/s or
1-65 L/s km2

- Minimum low flow : 7.59 m3/s or 0.12 L/s.km2

- Maximum high flow: 8.94 m3/s or 13.8 L/s.km2

The irregularity of mean annual discharge is more pronounced than in the upper
basin.

Graph nO IV.2 showingthe daily distribution of discharges for 1968-1969 (an abun
dant water-year) since 1971-1972 presents sorne gaps.

Mean
Mean monthly discharge in m3/s annua

Year dis-

p M A M J J A S 0
chargE

N D J m3/s

1968-1969 (47.1 86.2 371 193 11' 136 242 164 100 66.1 37.5 29.1 (133)

1969-1970 102 187 108 160 46.3 119 240 160 4J74 32.6 14.5 25.9 104

1970-1971 18.6 178 120 81.3) ~22.6) 78.7 317 228 132 48.8 17.3 12.9 ( 105)

1971-1972 10.8 16.3 70.1 110) ,79.0) 118 202 155 98.5 74.2 24.8 19.9 (81.6)

Average 44.6 117 167 136 66.7 113 250 177 94.5 55.4 21.0 21.9 106
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Characteristic discharges in m3/s

Year Minimum low Characteristic discharges Maxilfl'tWwhi gh
flow

Q Date DCE DC9 DC6 DC3 DCC Q Date

1967-1968(29.3) 18. 2.68

1968-1969 19.5 15. 2.69 24.8 35.3 112 169 494 894 2 1• 4.68

1969-1970 11• 1 13. 1.70 Il .5 30.7 70.3 166 286 616 3. 5.69

1970-1971 7.59 17. 3.71 7.92 20.4 62.7 151 396 750 17.3 .70

1971-1972
1

22.8 75.0) 130) 250) 384) 23. 8.71

4.1.5. The Wabi Shebelle at Imi (91 600 km2)

Observations for three years are available. The data for February 1969 were
reconstituted by relating the monthly scale and the sbations of Hamero-Hedad and Gode.
The lacking discharge data for December 1971 and January 1972 were reconstituted using
the recession curves.

- Long-term average discharge for three years : 98,5 m3/s or 1,08 Lis km2

- Minimum low water discharge 9,84 m3/s or 0,11 Lis km2

- Maximum high water discharge 877 m3/s or 9,60 Lis km2

The absence of the abundant water-year 1968-1969 explains why the mean annual
discharge is comparatively lower than at Hamero-Hedad and Gode.

Mean monthly dis charges in m3/s Mean
annualYear . dischar

F M A M J J A S a N D J ge m3/s

1969-1970 75.0) 180 106 147 36.2 108 '22 152 50.2 31.6 15.6 25.2 (95.9)

1970-1971 17.0 175 148 107 19.9 73.7 330 249 154 46.8 13.6 12.2 113

1971-1972 11.3 18.9 84. 1 114 17.8 130 '05 159 123 79.3K26.6) 18.0) (87.3)

Average 34.4 25 113 123 44.6 104 1152 187 109 52.6 18.6 18.5 98.5
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Characteristic discha~ges in m3/s

Year Minimum low flo....
characteristic discharges Maximum high flow

Q DATE DCE DC9 DC6 DC3 DCC Q DATE

1969-1970 12.3 25- 2-70 12.6 (22.0) (72.3) (165) (255) 408 3 - 5-69

1970-1971 9.84 19- 3-71 9.99 16.0 71.4 170 407 732 18 - 3-70

1971-1972 (16.0) 74.4 132 249 877 6 - 5-71

4.1.6. The Wabi Shebelle at Gode (127 300 km2)

The discharges for a period of four complete water years are available
A gap corresponding to 17 days in March-April 1968 was filled in through relations
with the discharges of Hamero-Hedad.

_ Long term average discharge for four years : 108 m3/s or 0.85 L/s.km2

- Minimum low water discharge 4.01 m3/s or 0.03 L/s.km2

- Maximum high water discharge 608 m3/s or 4.80 L/s.km2

- One must note ~he marked long term irregularity of Mean annual dis-
charges and the decrease of low water discharges compared to those of Imi Station.

Graph nO IV.3 shows the daily distribution of discharges for the water
years 1968-1969 and 1971-1972.

Mean Monthly discharges in m3/s Mean an-
Year , nual dis

p. M A M J J A S 0 N D J charges

1967-1968 311 231 92.1 32,S

1968-1969 59.2 88.0) (362) 232 112 104 213 136 99.0 65.5 39.6 19.1 127

1969-1970 54,2 188 103 179 36.4 95. 1 215 164 69,3 45,6 14.0 16,1 98.8

1970-1971 22.0 170 207 126 25.5 54,6 294 242 180 68,9 18.0 11.5 119

1971-1972 8,77 7.54 88,6 129 78.9 124 192 171 132 88,4 28.6 14,1 89,0

Average 36.0 113 190 166 63.2 94.4 228 178 120 67,1 25.0 15.2 108
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Characteristic discharges in m3/s

Year Minimum,low flow characteristic discharges maximum high flow

Q DATE DCE DC9 DC6 DC3 DCC Q DATE

1967-1968 21 ,8 10-2-68 608. 12-10-67

1968-1969 15,7 28-1-69 17,0 42,2 97,6 165 515 590 25- 4-68

1969-1970 7,77 20-1-70 8,50 24,9 70,9 165 278 480 5- 5-69

1970-1971 4,01 29-3-71 4,28 20,0 80,7 183 442 594 22- 4-70

1971-1972 17,6 80,1 132 244 428 8- 5-71

• Maximum discharge observed during the four last months of the water
year 1967 -1968.

4.1.7. The Wabi Shebelle at Kelafo (139 100 km2)

Three complete observation years (not including 1968-1969 as for Imi)
are availab le.

- long term average discharge for three years 91,7 m3 or 0,66 L/s.km2

- Minimum low flow discharge 3,01 m3/s or 0,02L/s.km2

- Maximum high water discharge : 322 m3 or 2.30 L/s.km2

- The mean annual discharge and the characteristic discharges decrease
owing to the flooding which occurs upstream from the station.

- The low water discharges continue decreasing owing to infiltration
and evaporation;

Mean monthly dis charges in rnJ/s mean an-
nuaI dis-

Year charge in
F M A M J J A S ° N D J m3/s

1967-1968 30,1

1968-1969 17,3

1969-1970 48, , 191 115 176 33,3 87,8 202 162 69,5 46,2 14,0 12,4 96,9

1970-1971 20, 132 179 129 22,8 42,9 240 223 159 64,2 15,3 9,22 104

1971-1972 6,8 3,9 73,L 113 61 , 1 99,5 160 149 112 73,0 22,9 11, 1 74,2

Average 25,4 109 122 139 39, 1 76,7 201 178 113 61 ,2 17,4 10,9 91 ,7
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WABI SHEBELLE AT GODE

JoNo

Débits journaliers

s

1968-1969

AJJ

Daily discharges

Year

Année

MAM

00 ml s
1

1

1 - ~-_._--._----_._-

1

1

00 -----t+ --- ------- --- ------
, 1

! 1' :
l'

,1llli,i 1

1

Il!

~I
00

1

---

1

!

1

i 1
1:

0

l '
1

Il i

III Iii
111111111111111111111111111111Il1111/ Il 1i 111111111

1 T Î

3

10

40C

s

2

o

Year

Année
1971-1972

JoNasAJJMAM

o m-l s -

0

1 Il 1
1

,
00 li

1
1

1

i

0

llli
Il

111//1 1111 1111111
1

1 ,1 1111111111111111111111
1 1 T l

2

10

30

o

. - Î date des.
Hydrologique :~ D-JP

_ -l ETR_ 291786





- l87 -

WABI SHEBELLE AT BURKUR

Daily discharges Débits journaliers
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Characteristic discharges in m3/s
Year

Minimum low flow Characteristic discharges Maximum high flow

Q Date DCE DC9 DC6 DC3 DCC Q Date

1967-1968 18,8 15-2-68

1968-1969 13,7 30-1-69

1969-1970 7,26 23-1-70 7,89 21 ,2 70,5 169 264 306 6-5-68

1970-1971 3,01 28-3-71 3,23 17,4 74,5 170 308 322 24-4-69

1971-1972 13,2 65,9 114 198 289 9-5-70

4.1.8. The Wabi Shebelle at Burkpr (144 000 km2)

Three complete observation year& are available (not including 1968 1969)

- Long term average discharge for three years : 81,4 rnJls or 0,56 Lis km2

- Minimum low water discharge : 2,71 m3/s or 0,02 Lis km2

- Maximum high water discharge~: 244 rnJls or l,70 Lis km2

The mean annual discharges and the characteristic discharges continue
decreasing owing to losses due to flooding in the Shebelle plain. The quantity of
water supplied between Kelafo and BUlkur is practically insignificant.

Minimum low water discharge decreases owing to infiltration and evaporation.

Graph IV.4 shows the daily distribution of discharge for the water-year
1971-1972.

Mean monthly discharges in m3/s Mean an-
Year nuaI dis

F M A M J J A S ° N D J charf:e in
m3 s

1969-1970 29,4 134 115 151 40,7 64,0 148 166 82,4 41,7 14,7 9,68 83,3

1970-1971 21,3 76,4 115 166 26,3 30,0 142 226 171 91 ,4 17,7 9,71 91 ,4

1971-1972 6,46 3,76 56,6 96,9 60,0 94,0 122 160 114 76,1 29,8 12,1 69,6

Average 19,1 71 ,4 95,5 138 42,3 62,7 137 184 122 69,7 20,7 10,5 81 ,4
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Characteristic discharges in mJ/s

Year
MaximïlfoèighMinimum low flow characteristic discharges

Q Date DCE DC9 DC6 DC3 DCC Q Date

1968-1969 17, 1 22-2-69

1969-1970 6,80 25-1-70 7,67 24,9 73,9 138 199 215 23-8-69

1970-1971 2,71 3-4-71 3,17 18,2 75,0 157 237 244 9-9-70

1971-1972 15,0 72 ,0 108 168 172 7-9-71

4.2. STATIONS OF THE TRIBUTARIES OF THE WABI SHEBELLE

4.2.1. The Maribo at the Bridge Road of Dodola (260 km2)

5 complete observation years are available

- long term average discharge for five years : 4,63 m3/s or 17,8 LIs km2

- Minimum low water discharge : 0,08 m3/s or 0,31 LIs km2

- Maximum high water discharge : 35,2 mJ/s or 135 LIs km2

For the values of the minimum low water discharges and of the DCE, the mi
nimum discharges obtained during the long dry winter season (December to March) are
given. A secondary and marked minimum flow exists in June and sometimes results into
weaker mean daily discharges. This is the case for 1969-1970 for which the minimum
mean daily discharge was observed on the 19 th of June 1969 with 0,34 m3/s

Mean monthly discharges mJ/s Mean
~n

annualYear
1

dischar
F M A M J J A S ° N D J

IZe inlll3

1967-1968 0,14 0,35 1,69 3,67 0,99 7,27 10,5 JO,I 7,74 5,60 0,92 0,21 4,13

1968-1969 2,36 3,21 14,5 5,84 4,22 7,86 9,85 8,16 5,02 2,22 0,68 1,05 5,41

1969-1970 2,65 7,56 5,63 3,37 0,99 5,21 7,65 7,42 3,32 0,88 0,67 0,82 3,86

1970-1971 0,64 7,72 7,9Q 3,37 0,46 5,28 10,3 13,0 8,78 1,97 0,31 0,27 5,03

1971-1972 0,22 0,34 3,28 5,25 4,42 7,37 12,6 9,67 9,51 2,22 0,79 0,40 4,71

i

Average 1,2e
l

3,84 6,62' 4,30 2,22 6,60 10,2 9,67 6,87 2,58 0,67 0,55 4,63
!
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Characteristic discharges in m3/s

Year Minimum 10w f10~ Characteristic discharges Maximum high flCltl

Q Date DCE DC9 DC6 DC3 DCC Q Date

1966-1967 0,08 2- 3-67

1967-1968 0,12 20- 1-68 0,10 0,30 1,39 6,51 16,6 33,4 6-10-67

1968-1969 0,34 26-12-68 0,40 1,21 4,12 8,28 18,3 27,5 21- 4-68

1969-1970 0,50 20- 2-70 0,48 0,81 2,25 5,89 13,9 28,4 7- 9-69

1970-1971 0,12 11- 3-71 0,23 0,50 2,72 8,48 18,8 35,2 16- 4-70

1971-1972 0,12 0,60 2,78 7,61 18,4 28,4 6-10-71

4.2.2. The Maribo at the junction with the Wabi Shebe11e (1 220 km2)

Four observation years are avai1ab1e. the gaps have been fi11ed in through
relations with the Maribo Station at the bridge Road of Dodo1a.

- long term average discharge for four years 12,1 m3/s or 9,90 L/s km2

- Minimum 10w water discharge : 0,43 m3/s or 0,35L/s km2

- Maximum high water discharge : 81,6 m3/s or 67,0 L.s km2

the T?e specifie mean annua1 discharge of this tributary is higher than that of
Wabl Shebe11e for a same drainage basin (Bridge-road of Dodo1a for the Wabi)

but the specifie minimum f10w is 10wer.

Mean month1y discharges in m3/s Mean ar
nua1

Year
F dischaM A M J J A S ° N D J

g~htl!

1968-196q 6,41 14,5k33,1) 15,0 (7,61) 22,6 33,9 14,8 9,03 3,BC 1,88 3,46 ( 13 , 9)
1969-1970 9,21 24,9 10,6 Il ,0 2,53 17,2 27,1 17,3 6,28 2,22 1,28 3,54 11, 1
1970-1971 1,33 16,4 15,8 6,21 1,61 10,9 39,4 30,8 18,4 5,13 1,39 1,25 12,5
1971-1972 0,9E 1, 2~ 6,59 10,1 (10,5) 16,8 32,9 20,7 22,0) (5,OC 4,25 1,36 (1 1, 1)

Average 4,48 14,3 16,5 10" 5 ,56 16,9 33,3 20,9 13,9 4,0~ 2,20 2,40 12, 1
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Characteristic discharges in m3/s
Year

Minimum low flow Characteristic discharge ~ximU'm high flOlA

Q Date DCE DC9 DC6 DC 3 DCC Q Date

1968-1969 1. 12 24- 12-68 , 1.56 3.50 10.5 18.0 42.0 81.6 31- 7-68

1969-1970 0.96 20- 2-70 1. 24 2.49 6.45 18. 1 39.8 53.6 31- 7-69

1970-1971 0.43 9- 3-71 0.52 1.49 6.34 18.0 52.4 83.lt 20- 8-70

9171-1972 2.23 7.27 14.2 37.6 60.9 26- 8-71

4.2.3. The Errer at Ramero Redad (14 200 km2)

Only two observation years are complete.

- The annual minimum flow is always approximately l,50 roJ/s which corres
ponds to the base flow supplied by the water-tables.

- Floods are very sudden and violent and occur between March and November
with comparatively low-water during the month of July.

- The maximum high water discharge is 566 m3/s or 39,0 L/s km2.

Graph IV 5 shows the daily distribution of discharges for the 1971-1972
period.

Mean monthly discharge in m3/s
Mean

annual
~ear disch.

F M A M J J A S 0 N D J in m3

1968-1969 13.2 19.6 (3.25 2.97 2.70

1969-1970 4.42 {12.0' 5.09 4.42 ( 1. 76' 2. 11

1970-1971 1.67 5.97 10. 1 9.01 2.66 2.33 8.62 13.7 8.68 2.28 1.98 1. 95 5.76

9171-1972 1. 71 1.83 5.08 9.42 4.73 ~.96 ~.71 6.57 4.67 3.13 1. 99 1.82 4. 15

Characteristic discharges in roJ/s
Year

Minimum low flow Characteristic discharges Maximum. high flolA

Q Date DCE DC9 DC6 DC3 DCC Q Date

1968-1969 2.70 1- 2-69 2.70 296. 5- 6-68

1969-1970 1.60 18- 2-70 1.66 264- 1-11-69

1970-1971 1.40 1- 5-71 1.40 l. 98 2.57 5.97 27.9 556 25- 4-70

1971-1972 1.82 2.36 4.96 15.7 151 17- 5-71
..

• Max1mum h1gh water discharge during the recording periods
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ERRER AT HAMERO- HEDAD

Daily discharges
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Annee

Débits journaliers

45 m*"---- -- ----------------- - -- - -- --- -----

40------------+---- ---------- ------- --------- --- ---- - ----

1

1+35 -------------- -- ------~ ------_.---------------------- ._-
1

1

i
!
1

+30 ---- -- -- -----r----- -- _.-

,

+25 ----
i
1
1,

-I-~T-, ------
1 1

i 120 --------t--------++--+-l-I----------------~--------.-._---- ---

1 1 il

JIIIIII!IIII., ~ ~AI! I~
sA

i 1
1
1

J

1

: i

~r
I~IIIILU.UJ.LLU.1
J

1

i

1

1

1 !

1

1
1

i1

1

! 1

: 1 1

!

1,

1
1
1

---+
1

i Il 1

1

1 1

1

1
1 .,

1

i ·Ii i
li ,

Il 1

i
1

~ ~ ------+-+++-

5 -----+:--++-+++

O.R.S.T.O.M. .!!!!..~
Service Hydrologique 3-73 O-JP ETR_ 291788





- 195 -

DAKETA AT HAMERO-HEDAD

Daily discharges Débits journaliers
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4.2.4. The Daketa at Hamero Hedad (14 200 km2)

On1y one observation year is avai1ab1e for discharge.

For the water year 1970-1971 the floods of March, April 'and May 1970
were reconstituted graphica11y using the maximums of f100ds ~hich are a11 re
corded. The discharge data given here are therefore not very accurate.

The annua1 minimum f10w is a1ways inexistent. The f10w occurs during
two very distinct periods of three months each.

The first period corresponds to March,Apri1, May and the second, to
September, October and November.

As in the case of the Errer, f100ds are very swift. The maximum dis
charge observed is 834 m3/s or 59,0 L/s km2

Graph IV 6 shows the dai1y distribution of discharges for the water
year 1971-1972

Mean roonth1y discharges in m3/s
me an

Year
annua
dis-

F M A M J J A S 0 N D J chargE

1968-196~ (14.9) 0.90 0 0 1.28. 0.58 0.02 O. 14 >1.50)

1969-197C 0.09 0.09 1.07 >4.00) 0 0 0 3.70) 2.00) 0 2.06K>1. 10)

1970-197 0 (>8.20) (25.0) (21. 4) >0.00) 0 0 4.81 13.8 0.06 0 0 (6.10)

1971-197~ 0 (2.21) 9.04 20.2 3.53 0 0 0.5S 0.06 1. 36 0 0 3. 10

Max1mum h1gh
Characteristic discharges in m3/1 flow in m3/ s

Year
DCE DC 9 DC 6 DC 3 DCC Q DATE

1968-1969 0 0 0 763 • 26- 2-68

1969-1970 0 0 0 358 il! 2-11-69

1970-1971 0 0 0 494. 26- 4-70

1971-1972 0 0 0 0.08 39.2 834 6- 5-71

• Maximum discharge for the period with records.
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4.3.2. The Fafen at Kebri Dahar (25 600 km2)

Three complete observation years are available:

- Mean annual discharge for three years : 0,82 m3/s or 0,03 L/s km2

- the annual minimum flows are always inexistent

- the flood periods correspond to two very distinct seasons

the maximum discharge observed is 64,5 m3/s or 2,52 L/skm2

Graph IV.7 shows the daily distribution of discharges for the
water-year 1971-1972

Mean monthly discharge in m3/s mean an
nuaI di

years charge
F M A M J J A S a N D J

m':l./"

1968-1969 0 0 0 0.34 0.08 0 0

1969-1970 0 0.10 0 5.47 0 0 0 0 0.19 1. 44 a 0 0.61

1970-1971 0 1.85 5.47 4.30 0.04 a 0 0.30 1. 75 0.04 a 0 1. 15

1971-1972 0 a 1.05 4.32 0.59 0.03 0 0.26 1. 98 0.12 a 0 0.70

Average 0 0.65 2. 17 4.70 0.21 0.01 0 O. 19 1.31 0.53 a 0 0.82

Characteristic discharges in m3/s Maximum high
flow im m3/ sYear

DCE DC9 DC6 DC3 DCC Q Date

1968-1969 0 a 0 (0) 10.0· 30-10-68

1969-1970 0 a 0 0 6.68 64.5 8- 5-69

1970-1971 0 a 0 0.23 13.0 37.3 12- 5-70

1971-1972 0 a 0 0.05 7. 12 32.3 8- 5-71

• Maximum discharge recorded for the period from July 1968 to January 1969
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1Gr-ISl7FAFEN AT KEBRI-DAHAR
Daily discharges Year 1971-1972
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THIRD PART

Anslysis of Hydrologiesl Conditions
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CHAPTER V

ANALYSIS OF RUNOFF AND ANNUAL BALANCE

FOR THE OBSERVATION PERIOD

The purpose in this chapter is to analyse, in the light of the
results achieved during the survey years, the ~chanism of supplies and losses
and to determine the annual balance of runoff for each basin or portion of a
basin.

In this end, six large natural regions presenting comparatively ho
mogeneous geological and rainfàll features have been distinguished.

a) The upper basin upstream from Malka-Wacana :

It only occupies 5.300 km2. but it provides alone practically one
third of the supply of the whole basin.

Its outlet marks the limit of volcanic and limestone formations. It
~s entirely covered with volcanic rocks and receives the largest amount of
rainfall (rainfall zones l II III).

b) the upper basin between Malka Wacana and Lege Hida:

This partial basin covers 16 200 km2 and provides half of the total
supply of the basin. 55 per cent of this area is occupied by basalt series and
45 per cent by limestone and sandstone . The amount of rainfall is still con
siderable (rainfall areas l II ans IV)

c) The middle basin between Lege Hida and Hamero Hedad:

This part of the basin covers 42 900 km2 and only provides 15 per
cent of the total supply of the basin, 80 per cent is occupied by limestone
formations and the rest of the basin by basalt (12 per cent), granite (6 per
cent) and sandstone (2 per cent). It largely stretches on rainfall areas IV
and V.

=====~=~====.==.====.= ••••••-••===••=••=.~•••=.=.==.=••=.==•••=••=••=.=.==~=~===

• The characteristics and locations are given in paragraph 2.8.1.
(map III)
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TABLE 5.1

The upper basin up8tream from

MALKA-WA~NA

Annua1 balance of runoff

Mean specifie Volume
annua1 me an of pepth of~verage Defi ci t of Runoff

Basin Year dischar- annua1 rUIlaff. runoff. rain rum:»ff coef-
ge dis char- fal1 ficient

. 3
1

ge 2
106 m3 per-cent1n m s 1/s.km tmIl mm mm

WABI SHEBELLE 1967-1968 8.60 6.8 271 214
at the bridge

..
1968-1969 7.75 6.1 244 193

of DODOLA

1 260 km
2 1969-1970 7.81 6.2 246 195 1 225 1 030 15.9

1970-1971 7.97 6.3 252 199 1 100 901 18.0

1971-1972 8.97 7.1 282 224 1 160 936 19.3

MARIBO at the 1967-1968 4.13 15.9 130 500
bridge - 1968-1969 5.41 20.8 170 658road of DODOLA

260 km2 1969-1970 3.86 14.8 123 468 (l 100) (632) (42.5)

1970-1971 5.03 19.3 158 610 (l 300) (690) (46.9)

1971-1972 4.71 18.1 148 571 (l 200) (629) (47.6)

MARIBO at the 1968-1969 13.9 11.4 438 360
confluence 1969-1970 11.1 9.1 350 287 (1 000) (713) (28.7)

1 220 km
2 1970-1971 12.5 10.2 394 323 (l 100) (777) (29.3)

1971-1972 0-1.1) (9.1) (350) (287) (l 000) (713) (28.7)

Residuary basin 1968-1969 9.0 3.2 284 101
MALKA-WAKANA

i 1969-1970 8.4 3.0 265 94 (l 000) (906) 9.4

-WAB l -SHEBELIE 1970-1971 8.5 3.0 268 95 (845) (750) 11.2
at the bridge 1971-1972 8.7 3.1 274 98 (1 020) (922) 9.6
-MARIBO
confluence)

2 810 km2 ..

IWAB l -SHEBELLE 1967-1968 28.5) 5.4 899 170
at 1968-1969 30.7 5.8 971 183iMALKA-WAKANA

5 290 km2 1969-1970 27.3 5.2 861 164 1 060 896 15.4

1970-1971 29.0 5.5 915 173 965 792 17.9

1971-1972 28.8 5.4 908 170 1 050 880 16.1
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Runoff condition in this basin may be compared to those of the Upper
Basin upstream from Malka Wacana. However, the annual inflow is not so regular.
This seems in relation to the greater heterogeneity of rainfall in this part of
the basin. The specifie mean annual discharges decrease noticeably as well as
the runoff coefficient. Their values are close to those of the left bank tributaries
of the basin upstream from Malka Wacana, though they seem lower.

The annual distribution of inflow is identical to that of the upper basin
i, e a first high flow season from March to May and a second more abundant season
from July to October. In June, the discharge weakens except for certain years.

5.3. The Middle Basin between Lege-Hida and Hamero Hedad

Most of the inflows of the Wabi Shebelle are supplied by the left
bank tributaries issued from the high plateaus of Chercher such as the UN-
GWATA, the RAMIS and the ERRER whereas there is only one right bank tribu
tary : the Ledae.

The annual balance of runoff on the basins or on portions of basins
is given below

Mean ~pecific Runoff Depth Average Deficient Coeffi-
annual mean an- ainfall of I:'.ient ofvolume of Irunoff inBasin Year dis- nual dis
charge charge runoff runoff l'er cent

m3/s Lis 106m3 mm mm mm
ERRER to 1970-1971 5,76 0,41 182 13 670 657 1,9
HAMERO-HEDAD

1971-1972 4,15 0,29 131 9 650 641 1,414 200 km2

Intermediate
Basin

(WABl SHEBELLE 1970-1971 16,2 0,56 511 18 696 678 2,6to HAMERO-
HEDAD 1971-1972 18,0 0,63 568 20 792 772 2,5
-LEGE-HIDA
-ERRER)
8 700 km2

WABl SHEBELLE 1968-1969 33 2,1 4 206 66

to RAME RO-HEDA ~969-1970 04 1,6 3 280 50 ( 900 ) (850) 5,6

64 400 km2
~970-1971 05 1,6 3 31 1 50 ( 800 ) (750) 6,3
971-1972 81,6 1,3 2 573 41 ( 800 ) (759) 5,1
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Mean Specifie Volume Depth d Average Runoff Coeffi-
Annual Mean of runoff rainfall defieient cient of

Basin Year du.~ annual runoff runoff in
charge ~ia:hargE mm mm mm mm per cent

m3/i kIJ 106
m3

DAKETA at 1970-1971 6. 1 0.43 192 13.5 460 446 2.9
RAMERO HEDAD 3. 1 0.22 98 7.0 410 403 1.7

1971-1972
14 200 km2

The runoff periods stretch from March to June for the first
season and from September to November for the second season.

The specifie discharges and the coefficients of runoff are compa
rable to those of the Errer for a same drainage area but they are more ir
regular owing to the rainfall eonditions.

5.4.2. Inflows and losses between Hamero Hedad and Gode

In order to understand the mechanism and importance of flood losses
as weIl as to estimate the volumes of runoff due to the tributaries of Ogaden,
the transmission of volumes for periods of five days between the stations of
Hamero Hedad and Gode was studied taking into atcount the time-limit for the
routing of runoff which is approximately five days. Graph V.I gives the results
achieved.The fluctuations of inflows and 10Bses are also shown on this graph
opposite-to the hydrograph of inflows at Hamero Hedad.

The Daketa, which shows gaps in the discharges for periods of five
days was scarcely mentioned in the balance since it is considered as one of
the tributaries of Ogaden.

Examining this graph leads to the following observations

- the inflows between Hamero-Hedad and Gode occur during thé two
seasons: March to October and August to November. Nevertheless, the main
inflows occur later than on the upper and middle basin, in April and May and
in October and November, these periods corresponding to rainfall in Ogaden.
The annual volumes of inflows are very irregular as may be observed in the
following tables.

- the losses in the flood zones of Imi are not linked to the volume
of runoff but to the maximum depth of floods originating in the middle basin

- During the low-flow period, from November to February or March
and for certain years in June and July, the losses observed between Hamero
Hedad and Gode are due to seepage and evaporation in the channel.
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to the river whereas short overflowing is definitively lost. This assumption
may not be easily checked with the available data and aIl the more so sinee
the lack of precision coneerning diseharge at Imi leaves this station out
of the balance.

The net balance between local inflows and losses in the reach is some
times positive, sometimes negative.

positive with 443 106 m3 in 1970-1971,a6year with very abundant
runoff in Ogaden, as weIl as in 1971-1972 ( + 232.10 m3)

- negative with 162.106 m3 in 1969-197O,a .year with moderate local
runoff.

The net balance therefore depends on the flood conditions of the
Wabi Shebelle. of the tributaries of Ogaden (Daketa, Degahbour, Dàrole : •• )
and of local inflows. It is difficult to give now a statistical representation
but the matter is examined further in the study of the average year (Chapter VI)

5-.5. The Lower Valley between Gode and Burkur

Between Gode and Burkur, inflows are practically inexistent : rainfall
is very weak (150 to 300 mm) and most of the tributaries draining the basin do not
join the river directly but spread in the vast alluvial plain or in closed endhoreic
basins.

The stream-flow of the Wabi Shebelle is deeply modified by the existence
of large flood plains stretehing on approximately 600 km2 between Kelafo and Mustahil.
140 km2 of these plains are flooded throughout the year and form a permanent swamp.

These flood plains have a double effect, i.e

- They control runoff by a reduction of flood peaks. An exemple of this
action is given on graph V.2. for 1970 - 1971.

- They draw a considerable amount of the inflow at Gode. The water
collected in the flood plains partly supplies the ground water table or evaporates.

The routing of volumes for periods of five days, between Gode and Burkur,
has been studied taking into account an average time-limit for transmission corres
ponding to approximately four. days. Graph V.3. represents the results achieved.

It is to be noted that the most considerable los ses occur during the flood
periods and are then followed by a slow restitution of part of the water stored in the
flood plains.

The balance of losses for three successive years is given below
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Runoff at Gode Runoff at Burkur Losses between Gode and ~ur-

Years
ur

106
DÛ m3/s 106 m3 DÛ/S 106 m3 nû/s

1969- J 970 3 116 98.8 2 627 83.3 489 15.5

1970-1971 3 753 119 2 883 91.4 870 27.6

1971-1972 2 807 89.0 2 195 69.6 612 19.4

One may also note that the volume of losses is not proportional to the vo
lume of inflows in the flood plains. The latter play an important role as regards
long-term regulation since the volume of losses is not only linked to inflows in the
plains but also to the filling stage of these plains at the end of the dry season. It
is easy to understand that the shorter the low flow period is the less evaporation
and seepage empties the plains and consequently, for an equal volume of inflow los ses
are weaker.

When eXam1n1ng the observation yearll) 969-1970.appeaI!:l as the year presen
ting the weakest losses though its mean annual discharge is relatively high (98,8 m3/s
at Gode). The preceding year (1968-1969) was very abundant (127 m3/s at Gode) and ~as

followed by a very short low flow period o·f a month. Hence, plains are relatively full at
the beginning of the season and losses are moderate.

Considerable losses are observed for 1970-1971 the mean annual discharge
at Gode is high (119 m3/s) and the previous low flow period of three months left the
plains relatively empty.

Finally, the 1971-1972 water-year comes after a very long dry season of
four months. Inflows are weak (89 m3/s at Gode) and find an empty plain. Losses are
very high.

One may therefore consider that the los ses between Gode and Burkur increase
proportionally with the inflows at Gode, and are aIl the more intense when the prece
ding flow is very pronounced at Gode.

If one considers as a reference of low water discharge the maximum dis-
charge for the ten minimum consecutive days Q 10 (see chapter VIII on low flow table 8.1.),
one may verify that this variable clearly accounts for the curve deviate relating the
losses to the mean annual discharge at Gode.

For 1968-1969 the mean annual discharge at Burkur was estimated from that
of Belet Den. The point representing the losses of this year is weIl plotted.

The conditions of losses are finally represented on graph V. 4. linked to the
mean annual discharge at Gode for three different statistical levels of previous low
water discharge (Q 10) : average and ten year occurences. Anticipating the next
cha?ter (chapter VI), it may be noted that for an average year with a mean annual
discharge of 87 roJ/s at Gode, the losses upstream from Burkur correspond to 550 millionrn3
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YEARLY LOSSES BETWEEN GODE PERTES ANNUEllES ENTRE GODE

AND BURKUR ET BURKUR
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(approximately 17 m3/s) for a preceding mean low water discharge (Q IQ • 8.4 m3/s)
but may attain 630 million m3 for a dry 10 year minimum discharge (Q 10 = 3.5 m3/s)
or only 470 million m3s for a wet 10 year minimum discharge (QIO = 13.3 m3/s).
Besides, for an average year, losses vary from approximately 550 million m3 to
80 million m3 (+15 per cent) within a confidence interval of 80 per cent
(20 per cent of-the occurence probability of low water discharges outside the
interdecile range). The influence gradient of low water discharge is approxima
tely 16 million m3 per m3/s. One may assume that this influence of low flow is
practically identical for msan annual discharges only slightly different from
the average.

Theses losses for an average year represent 20 per cent of the
inflows at Gode for a mean low water discharge (from 17 to 23 per cent with
the deciles of low water discharge Q 10) but should proportionately increase
for abundant years at Gode and likewise decrease for dry years.

It must be noted that the losses thus computed correspond very weIl
to what could be expected from the summary balance of evaporation for permanent
flood zones between Kelafo and Mustahil. In fact the result is 350 million m3
for 140 km2 with an annual rate of 2.50 m corresponding to a free ground water
table.

Finally, as in the reach above Gode, the intermediate station which
is Kelafo J was not taken into account in the balance of five day periods since
the discharge data are not accurate enough.

5.6. The Basin of the Fafen

The Fafen basin is an endhoreic basin unconnected with the basin of
the Wabi Shebelle. It is drained by intermittent tributaries presenting the sa
me flow conditions as the rivers of Ogaden. The Jerer is the main tributary of
the Fafen and both these rivers flow practically aIl along in the middle of an
alluvial plain. As in the case of the Lower Valley of the Wabi Shebelle, most
of the tributaries do not directly join the Fafen, but spread in the alluvial
plain where the incorne water seeps into the soil or evaporates. Downstream from
Kebri Dahar, the Fafen flows into a series of three basins where it finally di
sappears.

5.6.1. Number and duration of floods

The basin of the Jerer at Degahbour covers 6 470 km2. Runoff takes
place.during the two rainy seasons, the first from February to June and the
second from September to November. They are characterized by short and violent
floods followed by a quick drying-up of the channel, between February and June
and between September and November.

The basin of the Fafen at Kebri Dahar covers 25 600 km2. Runoff is
of the sarne type as in the basin of the Jerer, i.e ; short floods separated
by a quick drying-up of the channel. These floods occur from March to May and
from September to November and slightly later (approximately 15 days) than at
Degahbour.
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The number and duration of these f100ds resu1ting from rainy episods
depend on the number and duratipn of these precipitations.

Tables 5.2 and 5.3 give the number of f100ds,their duration in day~

for a11 the observation period as we11 as their location and occurrence month
( or in the case of over1ap, the month presenting the greater number of days
of runoff). A~ a comparison, for the Daketa , the water year 1971-1972, is given
in table 5.3. These tables ~in1y show the great 10ng-term irregularity of· runoff
in the bas in of the Fafen. .

Yet,severa1 genera1 conclusions on runoff conditions may be drawn
very carefu11y owing to the imcomp1eteness of the data.

The first rainy season is far more abundant than the second. The
fo110wing table presents the average values of the number of days of runoff
for each season and for each flood and the number of f1oods.

JERER FAFEN

~verage annua1 number of flood 9 6

- for the first season ... 6 3

- for the second season .. 3 3

Average annua1 number of days
of runoff ................... 62 90

- first season .......... 50 60

Average duration of a flood
( in days) .................. 7 15

- first season ............. 8 ?O

- second season ......... 4 9

The f100ds of the Jerer are more numerous than those of the Fafen
but do not last so long which is probab1y due to the size of the basins, one
of them being four times 1arger than the other.

This tendency is more pronounced for the Daketa(fewer and longer
f100ds) but in this case it is probab1y due to more abundant rainfa11 (showers
are more numerous and more abundant).

For a given month the average occurence probabi1ity of a flood is
as follows, i. e

February
4

March
15

April
20

May
25

June
10

September
3

October
13

November
10
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Table 5.2

lMonth, period 1967-1968 1968-1969 1969-1970 1970-1971 1971-1972

February - 1 5

March - 9 6 - 12

April - 40 12 - 13 15 - 3

May - 4 - 7 2 - 3 - 2 13 - 3 - 8 18 - 8

June - 8 - 9 2 - 1 9

February-June - 6/69 5/21 9/60 5/53

September * ]

October 5 4 8 2 - 6 - 13 2 - 2

November 6 - 6 - 2 2 3 2 - 2

September-Novem 4/19 3/7 2/] 1 3/21 4/8

Year - 9/76 7/32 12/81 9/61

This table shows the duration in days of floods for the occurence months.

The total seasonal and annual suros represent the number of floods and their

total duration, for instance : 6/69 corresponds to 6 floods during 69 days.

* Starting of observations.
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Table 5.3

Daketa
Mon th , Period 1968-1969 1969-1970 1970-1971 1971-1972 1971-1972

March 5 7 - 13

April
1

19 - 4 (
63

1
78

May 21 32

June 17 15

March - June 2/26 3/83 4/72 2/93

Septeinber * 5 7 15

October 3 7 24 13 - 9 6

November 6 - 10 7 6 - 7 10

Septemb-Novemb 3/19 2/ 14 2/29 5/42 3/31

Year - 4/40 5/1 12 9/1 14 5/124

This table shows the duration in days of floods for the occurrence months.

The total seasonal and annual sums represent the number of floods and their total

duration, for instance : 2/26 corresponds to 2 floods during 26 days.

* Starting of observations
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These figures are very approximate.

It is difficu1t to know from these observations whether there mere1y
exists a concomitance of the f100ds of the Jerer with those of the Fafen (due to
a concomitance with rainy phases) or if the f100ds of the Fafen contribute to the
formation of those of the Fafen without disappearing before.

Tables 5.2 and 5.3 c1ear1y show a terldencyto concomitance but examp1es
are given of distinct1y loca1ized f100ds either for the Jerer (February 1970)
or for the Fafen (September 1970, November 1971) with no interference.

5.6.2. Annua1 Balance of runoff

The balance of runoff of the Jerer at Degahbour is avai1able for four
years.

Mean Specifi Vb1ume Depth Average Deficit Coefficient
Annua1 Mean of of rainfa1 of runoff of runoff

Year .dis- Annua1 runÇ)ff runoff in
charge dischar 106 m3

m1./t:. l/s km2 nnn mm mm per cent.

968-1969 0.366 0.06 11.5 1.8

969-1970 0.106 0.02 3.3 0.5 465 464 O. 1

970-1971 0.434 0.07 13.7 2. 1 475 473 0.4

971-1972 0.480) 0.07 15. 1 2.3 640 638 0.4

The weakness of the specifie mean annua1 discharges and of the coef
ficients of runoff (comparative1y to those of the direct tributaries of the
Wabi Shebe11e in Ogaden) is due to the preponderating effect of the alluvial plains
which drain most of the runoff.

The resu1ts for the Fafen at Kebri Dahar on1y concern the three 1ast
years

Mean ~cific Volume Depth Average Deficit Coefficient

Year
Annua1 Mean of of rainfa1 of rùnoÎl. of runoff
disdu~ Annua1 runoff runoff
m3/s dischax: 106 M3 nnn mm mm mm

lIt:. km?

1969-1970 0,608 0,024 19,2 0,6 4·15 414 0,14

1970-1971 1, 15 0,045 36,3 1,4 390 389 0,36

1971-1972 0,704 0,027 22,2 0,9 380 379 0,24

It may be noted that the specifie mean annua1 discharges and the coef
ficient of runoff are still very weak. A large quantity of the surface runoff
contributes to the recharging of the alluvial water table through water spreading
and influent seepage.
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CHAPTER VI

ESTlMATE OF INFLOWS FOR AN AVERAGE YEAR

AND IRREGULARITY FROM YEAR TO YEAR

The purpose in this chapter is to specify the values which nay be
accepted for long-term average discharges at the main stations as weIl as
their dispersion characteristics ( long term irregularity).

Most of the hydrological data presented in the second part only
correspond to three observation years and at best to six years. Consequently
they are inadequate for the determination of runoff for an average year and
for a statistical study on mean annual discharges. Besides, as we have already
seen in chapter 2.8 on the study of rainfall, the available data on rainfall
being too incomplete and lacking precision may not be used for a valuable ex
tension of the observation period through hydro-pluviometric correlations.

In order to complete the knowledge of mean annual discharges and of
their variability,an attempt was made to relate the available data to those of
stations located outside the basin but presenting longer observation periods

In fact, old records for the Wabi Shebelle in Somalia exist and one
could expect finding a suitable relation between the nows at the various sta'
tions along the river. This is the case for the upper basin upstream from
Malka Wacana which, since it is located in a high rainy country, is in fact af
fected by rainfall conditions more similar to those of the high Ethiopian pla
teaus than to those of the basin of the Wabi Shebelle.

Hence, it proved necessary to collect information in the neighbou
ring drainage basins located on the high plateaus : Awash and Blue Nile. This
foreign information was' not easily obtained and unfortunately the available
data do not correspond to aIl existent observations. This is regrettable sin
ce common observations periods are consequently much reduced as the gaps often
co~respond to recent years.

Thus it has been possible to relate the monthly discharges of the
Malka Wacana station located in the upper basin of the Wabi Shebelle to those
of a station of Awash, the basin of which stretches to the border in the North.
The discharges of the stations of the middle basin and of the Lower Valley were
also related to those of the Belet Uen station on the Wabi Shebelle at a short
distance from the border in the Somalian country.

In the following paragraphs, the methods used to estimate the mean
annual discharges are described and the results achieved are also given.
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Owing to the incomp1eteness of the data, relations with the month1y
discharges were necessary. Since successive months are not who11y independent,
this method is not rea11y accurate from the statistica1 point of view but may
neverthe1ess be accepted, once the absence of seasona1 tendencies is checked
and if relations presenting high coefficients on1y are considered. Such pro
cesses are abso1ut1y necessary when the incomp1eteness of data is as pronoun
ced as in the basin of the Wabi Shebe11e.

6.1. MEAN ANNUAL DISCHARGE OF THE WABI SHEBELL~, 1T MtLKA..~~C~A

6.1.1. Long-term average discharge

The six mean annua1 discharges observed vary from 30.7 m3/s and 22.0
m3/s. The average is 27.7 m3/s. The standard deviation is 2.91 m3/s and the
coefficient of variation (ratio of the standard deviation to the average) of
O. 11.

In order to eva1uate the hydrau1icity of this samp1e, the month1y
discharges at Ma1ka Wacana have been re1ated to those of stations 10cated in
neighbouring basins ( Awash and Blue Ni1e) and presenting longer observation
periods.

The on1y suitab1e relation (r ~ 0.92) was obtained with th~ Awash
station at Herta1e which contro1s a basin of 34 000 km2 (graph VI 1 ).Unfortu
nate1y this station on1y presents seven complete observation years (from 1963
to 1970 except 1966) and a better know1edge of the long term average discharge
at Ma1ka Wacana maynot be expected from this station on1y.

Consequent1y, we tried extending the data of the Awash by re1ating
the mean annual discharges observed with those of other stations presenting
longer observation periods. The most satisfactory relation (r= 0.94) was ob
tained with the Blue Nile station at Kessie (drainage basin = 65 000 km2)
for which 14 observation years are avai1ab1e (from 1954 to 1968 except 1955)
(see graph VI 2).

The new data thus obtained for the Awash at Herta1e inc1udes 16
observation years from 1954- to 1970 except 1955.

The average hydrau1icity of the four 1ast years observed (from
1967 to 1970) in relation to the data extended to 16 years, is 1.05 or slight1y
above the average.

In order to ame1iorate the estimate of the hydrauci1ity of these
four years, study was made of the relation between the mean annua1 discharges
of the Blue Ni1e at Kessie and those of the Blue Ni1e at Roseires ( 52 obser
vation years from 1911 to 1962) for nine common years from 1954 to 1962. The
relation obtained is rather 100se (ra O.57) and does not a110w extending usefu1
1y the data of Kessie nor of Herta1e.
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Relation between monthly discharges
of WABI· SHEBELLE at MALKA-WAKANA
and AWASH at HERTALE
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Nonethe1ess, it may be noted that the hydrau1icities for the 1954
1962 period having being used for the relation with periods of different 1engths
(16 years at Herta1e 52 years at Roseires) have the same value: 1.11 at both
stations. The data extended to 16 years at Herta1e therefore represents very
we11 the average hydrau1icity for a longer period.

To summarize, a suitab1e relation to the month1y staff-gauge may be
observed between the hydrau1icities at the station of the Wabi Shebe11e at Ma1ka
Wacana and the Awash station at Herta1e. Hydrau1icity for 1967 - 1968, 1969,
1970 at Herta1e corresponds to 1.05 in relation to the samp1e extended to 16 years.
This figure will be expected for Ma1ka Wacana. The average for these four years at
Ma1ka Wacana is 28.9 m3/s.

The long term average discharge being thus corrected by this 1ast
coefficient becomes 27,5 m3/s or a specifie mean discharge of 5,2 Ils km2 and
a runoff volume of 867 million m3 per year. This value of the mean annua1 dis
charge computed through these relations scarce1y vary from the mean annua1 dis
charge of the six observation years which represents 27.7 m3/s.

These resu1ts are verified when examining the total long duration
rainfall at Addis-Ababa. The mean annua1 rainfa11 computed for 62 years
(from 1898 to 197i)is 1.185 trIIl. The mean rainfall from 1967 to 1971 is 1 253 um
which gives a rainfa11 excess of 1.06 for these five years.

6.1.2. Variation from year to year and annua1 discharges for a
la year period

The mean annua1 discharges observed during the six years are very
simi1ar. Hence.it is difficu1t to have an idea, from this samp1e, of the coef
ficient of variation and consequent1y of interannua1 irregu1arity.

In order to obtain degrees of comparison, the statistica1 distribu
tion of mean annua1 dis charges was studied at severa1 stations presenting long
enough observation periods. The resu1ts are as fo110ws,i.e :

BLUE NlLE at ROSElRES

- 52 years,from 1911 to 1962

- Incomp1ete Gamma distribution 1aw (or Pearson III), Cv = 0.19

BLUE NlLE at KESSIE

- 13 years fram 1956 to 1968

- Normal distribution 1aw with a hyper normal trend Cv • 0.35
Cv .. 0.25

WABI SHEBELLE at BELET UEN

- 16 years from 1952 to 1969 (except 1953 and 1960)

- Incomp1ete Gamma distribution 1aw, Cv .. 0.35.



- 236 -

The coefficients of variation are certainly much higher for Mal
ka Wacana as the stations concerned are located at the out let of basins pre
senting large zones where runoff of Sahelian type is very irregular. This is
not the case for the bas in of Malka Wacana where most of the riven; have a
permanent stream flow.

The flow conditions at Malka Wacana are doubtless relatively
regular owing to the pervious character of the basin which mainly consists
of ash material and volcanic tüff favourable to a constantly high basin flow
and to a distribution of rainfall in two distinct seasons.

The comparison of the mean annual discharges at Malka Wacana with
those of the Awash at Hertale ( the station presenting the best relation with
Malka Wacana) confirms the assumption concerning the irregularity of flow. At
Hertale, for the period 1967 to 1970, the relative deviation of the lowest
mean annual discharges to the long term average discharge for the four years
is 9 per cent, whereas it is only 5 per cent at Malka Wacana. The coefficient
of variation for Hertale being approximately the same as for Kessie (0,25) a
much lower coefficient: 0.12 will be considered for Malka Wacana. With such
a coefficient of variation the assumption of a normal distribution of mean
annual discharges presents some likelihood. Consequently one may put forward
the following figures for mean annual discharges for a Io-year period.

Dry IOryear mean discharge : 23.3 m3/s
Humid 10-year discharge : 31,7 rnJ/s

From these results, the water year 1972-1973 (mean annual discharge
22 rn3/s) appears slightly lower than the dry 10-year average discharge.

6.2. MEAN l\.NNUAj.. DlSCHARGE OF TllE MIDDLE BASIN AND OF THEL.OWER VALLEY OF THE
WAHl SltîtBÊLLE

The available data included a chronicle of discharge of the Wabi
Shebelle per five day periods at Belet Uen, from 1952 to 1969 and a chroni
cIe of monthly discharges of the same river more upstream at Mahaddei-Uen
from 1919 to 1933 and from 1952 to 1964. Some uncertainty still exists con
cerning the site of the second station and the homogeneousness between the
two observation periods.

Though a suitable relation existsbetween the mean annual discharges
of the two stations for the same period, from 1952 to 1964, and though the
average hydraulicity is similar between 1919-1933 and 1952-1964,the series from
1919-1933 could not be taken into account since it proved to be too irregular.
In fact, another computation of the mean annual discharges at Belet Uen from
1919 to 1933 using the relation 1952-1964,gives exaggerated results
the series 1952 - 1969 varies from 35 to 101 m3/s whereas the old series, though
it is not longer, presents extremes from 21 to 214 m3/s. The second figure is
particularly aberrant if one recalls that the flood plain between Kelafo and
Mustahil regulates the hydrograph so that the maximum flood is limited to approxi
mately 250 m3/s. Therefore it was thought preferable not to use the 1919 - 1933
series.
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6.2.1. Statistical study of mean annual discharge at Belet Uen

In order to determine the long-term average discharges in the middle
basin and in the lower valley of the Wabi Shebelle, weused the available data
for the 16 observation years (from 1952 to 1969 except 1953 and 1960) on the
Wabi Shebelle at Belet-Uen which is a station located in Somalia at 40 km from
the border and at approximately 70 km downstream from the Burkur station.
Unfortunately, data for periods after 1969 were unavailable but would have been
very useful to build up the correlations.

The characteristics of the sample for the 16 mean annual discharges
are as follows, i.e :

Maximal mean annual discharge observed 101 m3/s

Minimal mean annual discharge observed 34,5 m3/s

Average mean annual discharge 66,7 m3/s

Standard-deviation 23,1 m3/s

Coefficient of variation 0,35

The best fitting of a distribution law to this sample is an incomplete
Gamma function with the following parameters

Average

Shape

Scale

Location

66,7 m3/s

7,360

8,532

4 m3/s

Graph VI 3 represents the curve fitting this law to the sample.

The values of discharges corresponding to different return periods
are given below :

Retum period Mean annual discharge (m3/s)

20 years dry 34

10 years dry 39

5 years dry 47

medium 64

5 years humid 85

10 years humid 98

20 years humid 109
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The data observed at the Project stations may be extended from the
samp1e and by using the relations between stations of month1y discharges for
common observation periods _ and an estimate of 10ng-term average discharges for
a longer period can be made.

6.2.2. Correlations used

a) Corre1a~ion Be1et-Uen Burkur.

First, the month1y discharges of the Be1et Uen station have been
re1ated to those of Burkur, the nearest station. This 1inear relation is based
on Il pairs of month1y values, from February to December 1969 and its equation
1.s :

Q (Burkur) = 1,06 Q (Be1et-Ucn) (graph VI. 4)

Q represents the month1y discharges in rnJ/s.

This very close relation a110wed reconstructing the month1y dischar
ges and the mean annua1 discharges for fifteen years.

The new samp1e inc1udes discharges for 18 years (from 1952 to 1971
except 1953 and 1960)

b) Relation between Be1et-Uen and Gode

The relation between the month1y discharges at Be1et-Uen and Gode
is re1ative1y 100se which cou1d be expeeted owing to the influence of the flood
plains 10cated between these two stations. In order to improve this relation
various month1y relations were made taking into account the f10w propagation
between the two stations. The best 1ink was obtained by re1ating the month1y
discharges at Gode withthose observed at Be1et-Uen taking into account a time
log of 15 days. This relation based on 22 pairs of points is not 1inear but may
be reso1ved into two straight 1ines of 1inear regression with the fo110wing
equations :

For month1y discharges 10wer than 100 rnJ/s at Be1et-Uen

Q Gode = 1,1 Q (Be1et-Uen + l 5 d) + 3

For month1y discharges higher than 100 m3/s at Be1et-Uen

Q Gode = 1,8 Q (Be1et-Uen + 1 5 d) - 67

These 1ines are represented on graph VI 5.

The break in the relation is due to the ro1e p1ayed by f100ding :
above a certain month1y discharge of approximate1y 113 rnJ/s at Gode, the gradient
of 10sses becomes much higher than it was previous1y. These relations a110w
reconstituting the discharges for 14 years. The new samp1e inc1udes 18 years from
1952 to 1971 except 1953 and 1960).

c) Relation between stations.

In order to extend the reconstitution of the discharges to the other
stations of the midd1e basin and of the 10wer valley, the relations between
stations of month1y dis charges havebeen examined. These usually "atiafactory
relations are 1inear and are summed up be10w :
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for the rainy months of Ogaden (April, May,

(Gode) - 0,26

(Gode) + 4,19

= 0,89 Q

.. 0,90 Q

(Gode)

Q (Ke1afo)

Q (Imi)

Q (Hamero-aedad) = 0,82 Q
October, November)

Q (Hamero-Medad) = 1,05 Q (Gode) + 5 for the other months of the year.

Q (Lege-Hida) = 0,88 Q (Hamero-Hedad) - 9,1.

These relation Unes are represented on graphs VI. 6, VI. 7, V'I.,8;, VI. 9.

6.2.3. Long term average discharges estimated from the relations.

A11 the relations examined in the preceding paragraph a110w estimating
the mean annua1 discharges at the stations between Lege-Hida and &urkur for a
same period made homogeneous for 18 years.

The resu1ts of these estimates.for stations presented from the
upstream part to the downstream part, are given in the table below :

WABI-SHEBELLE Mean Annual Specifie Mean Runoff
Stations Discharges in mvs Annua1 Discharges volumes

l/s.km2 10 6 DÛ

LEGE-HIDA 66,1 3,09 2 085

RAMERO-HEDAD 85,6 1,33 2 700

lMl 82,6 0,90 2 605

GODE 87,1 0,68 2 747

KELAFO 77,3 0,56 2 438

BURKUR 70,7 0,49 2 230

These resu1ts must be used carefu11y. In fact as the various relations
between month1y discharges did not use samples corresponding to exact1y the same
period, heterogeneous resu1ts may be expected. The results are less accurate as
one goes upstream.

In spite of this, the coherence of resu1ts is good for a11 the lower
valley. As concerns the mean annua1 discharges observed (cf-chapter 4.1.4 and 4.1.6),
the balance between Gode and Hamero-Hedad is successively - 6, - 5, + 14 and + 7 m3/s
or an average of + 2,5 DÛ/S, whereas the positive balance for the mean annual
discharges of the average year is 1,5 m3/s.

Besides, the relative weakness ëf the mean annua1 discharge at Imi,
compared to that of the two stations commanding the reach, is due to the role of
inf10ws and losses. If the inflows average ( cf 6.3) 12 m3/s,(6 m3/s above lmi)
this corresponds to a distribution of losses of 9 m3/s upstream from Imi and of
2 DÛ/S downstream (down to Cugno) which is consistent with wh'at cou1d be expected
from the local topography.
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6.2.4. Interannual irregu1arity and estimate of the mean annual
discharges for a given frequency

The sample for 18 observation years reconstituted at the Wabi Shebelle
stations from the series of Belet-Uen allows determining the interannual irregu1a
rity and estimating the mean annual discharges for various recurrence intervals.
The results th us obtained are certainly not very accurate owing to the nature
of the relations used to provide these samples, and because of the interannual
influence of flood plains.

To the comment on the heterogeneous nature of the relations, one must
also add that using them systematically in order to extend the short series
(3 to 5 years) to 18 years entails a considerable reduction of the variance
hence an underrating of abundant extreme mean annual discharges and an overrating
of dry mean annual discharges.

Contrarily to what was observed for Belet-Uen, the best fitting to the
series of mean annual discharges is not the frequency curve of Pearson III but
a Goodrich curve.

The following table presents the mean annual discharges estimated at
each station for various exceedance frequencies. For each station are a1so given
the parameters characterizing the irregularity of the sample that is to say : the
coefficient of variation Cv and the coefficient K3 which is the ratio of the
humid 10-year mean annual discharge to the dry 10-year mean annual discharge.

Mean annual discharges in m3/s for an exceedance

Station frequency of
C K3v

0,99 0,98 0,90 0,50 0,10 Q,02 0,01

LEGE-RIDA 17 20 34 65 101 123 131 p,41 ~,99

HAMERO-HEDAD 29 33 49 84 124 149 158 0,36 ~,55

GODE 26 31 48 86 127 152 161 ),37 ~,63

BURKUR 24 28 41 70 la 1 120 126 ),34 D,45

The results are satisfactory for Burkur. As to Gode and Ramero-Hedad,
the normal increase of the irregularity of f10w compared to what occurs in the
downstream part of the flood plains of the reach Kelafo-Mustahil, is slightly
lessened here by the reduction of the variance since the coefficients of variation
are only slightly greater than at Belet-Uen where the coefficient is 0,35.

On the other hand, the irregularity estimated for Lege-Rida (C = 0,41)
seems aIl the more exaggerated since regular and abundant sources from vXry rainy
volcanic regions are nearer as one goes upstream to Malka-Wakana. The coefficient
of variation for Malka-Wakana being 0,12, and taking into account the observations
made, one may suppose that the irregularity of the Wabi Shebelle flow increases
progressively in the downstream part, consequently, the coefficient of variation
at Lege-Rida cannot attain that of Ramero-Hedad ( the latter being probably also
underrated) and an approximate value of 0.30 seems more like1y.
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A new series of values for the mean annua1 discharges at Lege Hida
was thus computed instead of those of the preceding table but, owing to a 1ack
of precision, these values are 1imited to 10-year frequencies :

Frequency Mean annua1 discharge (m3/s)

0.90 40

0.50 65 K3 = 2.30

0.10 92

The preceding bases a110w expressing an opinion concerning the occu
rence probabi1ities of the observation years.

In the Lower Valley, aIl the observation years are above the avera
ge, 1971-1972 being the c10sest to this average whereas 1969-1970 presents a
decennia1 character.

Upstream from the Lower Valley, conditions are not so simple.
Though aIl the water years from 1967-1968 to 1971-1972 are above t~e average
at MALKA-WAKANA, 1969-1970 is the c10sest to this average. One must a1so
remember that 1972-1973 was still more severe than the dry decennia1 water-year.

6.3. Mean annua1 discharges of the ERRER, of the DAKETA and of
the basin of the FAFEN

It is difficu1t to estimate the average values of the mean annua1
discharges of this group of rivers,the arid character and irregu1arity of which
increase from the West to the East and South.

On1y two complete observation years are avai1ab1e for the Errer and
no strict relation cou1d be made between its month1y discharges and those of
the intermediate basin between Hamero Hedad and Lege Hida. Though the Errer
has a permanent f10w, it often presents sudden and violent f100ds and its regi
me is very different from those of the other tributaries of the Wabi Shebe11e.

The average mean annua1 discharge of the Wabi Shebe11e is slight1y
higher than that of 1971- 1972 and considerab1y 10wer than for 1970-1971. If
one takes into consideration this re1ative1y uncertain indication, one may
put forth a value of 5 m3/s for the mean annua1 discharge of the Errer, or
0.35 l/s km2.

If rainfa11 in the North of the basin at Deder and Harar is a1so
taken into account. the fo110wing characteristics may be noted

Year Errer Deder Harar
(m3/s) (nun) (nm)

1970-1971 5.8 994 742
1971-1972 4.2 1 119 888

Average - 1 083 880
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namely : the relation between rainfall and flow is relatively loose at the an
nuaI scale, which neither confirms or modifies the figure above mentioned.

The Daketa being a temporary river is still more difficult to esti
mate. The mean annual discharges for 1970-1971 are respectively 6.1 and 3.1 m3/s
They can be compared to the rainfall of Harar (further above mentioned)
and of Jijiga which are respectively 405 and 713 mm thereas the average is
672 mm. The contradiction between rainfall and discharge on the annual scale
is still more distinct here and aIl the more so since there are no old rain
gauging stations in the ndddle part and in the downstream part of the basin.

At a rough estimate more than by reasoning we suggest for the Dake
ta an average mean annual discharge of 4 m3/s or 0.28 L/s km2. On these lines
one may assume that the average specifie annual discbarge is approximately 0.15
l/s km2 for the other tributaries of Ogaden (Degahbour, Darole, Madiso ••. )
Taking these figures into account, the inflows of the intermediate basin bet
ween Hamero Hedad and the beginning of the flood plains North of Imi corres
pond to 6 m3/s as weIl as the inflows downstream from Imi and down to Gode.

The mean annual discharges observed for the Jerer and the Fafen pre
sent a great irregularity linked to subarid rainfall conditions. For the Jerer
the mean annual discharge of 1969 (O~106m3/s) is four times less than the mean
annual discharges of 1970 (0.434 m3/s) and of 1971 (0.480 m3/s). For the Fafen,
the mean annual discharges of 1969 (0.608 03/s) is twice smaller than the
mean annual discharge of 1970 (1.15 m3/s).

The mean annual flows depend less on the mean annual rainfall than
on the distribution areas of rainfall and grouping of storms in the year.

An approximate value of the long term average discharge may be esti
mated from the data provided by the rain-gau~ing stations of JIJIGA, DEGAHBOUR
and KEBRI-DAHAR.

For the Jerer the mean annual discharges observed seem relatively
weIl linked to the rainfall recorder at Degahbour station as may be seen below

Year Mean annual discharges of the Jerer Rainfall at Dagahbour
m3/s mm

1969 0.106 247

1970 0.434 346

1971 0.480 363

The average rainfall at Degahbour being 314 mm, the long-term average
discharge of the Jerer at Degahbour may be estimated as approximately 0,350 m3/s.

The relation between rainfall and mean annual discharges of the Fafen
at Kebri Dahar is not so good. The values of the mean annual discharges observed
at Degahbour and the corresponding annual ~ainfall at the Degahbour and Kebri
Dahar stations are given below :
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YEAR
~ean annual dischar Rainf. KEBRI-DAHAR Rainf. DEGAHBOUR
ges of the FAFEN (unn) (unn)

(m3/s)

1969 0,608 422 247

1970 1, 15 288 346

1971 0,704 262 363

Rainfall for an average year is

314 mm at DEGAHBOUR

277 mm at KEBRI-DAHAR

From these observations, it seems that the long-term average discharge
is approximately 0,700 m3/s.

It is difficult to have a quantitative knowledge of the interannual
irregularity of these rivers. If the ERRER does probably not present a considerably
higher coefficient of variation than those of the WABI-8HEBELLE (from 0,35 to 0,40),
on the other hand, the DAKETA, JERER and FAFEN probably attain twice higher values 
but the risk of an absence of flow may be considered as improbable.
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CHAPTER VII

SURVEY OF MONTRLY DISCHARGES

7. \. MONTHLY COEFFIC lENTS OF DISCHARGE - SEASONAL VARIATIONS

The monthly coefficients of discharge computed from the-year-to-year
averages allow characterizing the seasonnal variations of flow without taking
into account the maximum values of discharges. They are represented as follows :

with

Ci (per cent)

Ci
Qi
Q

= \00 qi
12 q

= Monthly coefficient in per cent
= mean monthly discharge of month "i"
= long-term average dis charge

The total coefficients Ci of a station corresponds to \00 per cent.

Table 7.\. presents the monthly coefficients from year to year for
the main stations under study. For the stations located on the Wabi Shebelle
between Lege-Rida and Bukur these coefficients were computed from the \8 years
partly reconstituted through the observations of the Belet-Uen station. For
the other stations they were computed using the observation years and may
only be used for guidance.

The main characteristics of flow in the basin of the Wabi Snebelle
may be drawm from these figures. All the rivers present two high flow seasons
corresponding to the two rainy seasons. The relative abundance of these two
seasons varies according to the drainage basins : the second rainy season is
more abundant than the first on the upper basin and in the Southern part of the
basin, the first season becomes more abundant than the second. Furthemore, the
highest flow of the second season occuring in August in the upper basin is
progressively delayed until September and October to the South of the basin.

7.1.1. Main-stream-flow of the WABI SREBELLE

Table 7.1. shows the evolution of the flow of the Wabi Shebelle
from the upstream part to the downstream part.

Upstream from Malka-Wacana the Wabi Shebelle presents the following
flow-conditions :
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Tab le 7.1.

Month1y coefficients of discharges (in per cent)

- average values -

lNumber
Station ofF M A M J J A S 0 N D J years

WABI SHEBELLE

Bridge of DODOLA 2,4 4,;2 7 ;f)' 6.~~ 5," 12 t3 23,5 19 t 4 lOt5 5 t2 1 t 9 2 t2 5--=--
~LKA-WAKANA 3 t 1 5 t8 9t 3 6 t 2 3 t 9 12 t5~ 16 t 9 9 t6 4 t 5 1 t9 1 t 9 6
~EGE-HIDA 1,9 3 t6 9,2 9 t1 3 t5 7,3 18 t8 19,5 13 t7 7 t5 3 t 7 2 t2 18
~RO-HEDAD 2 t 6 4 t2 9t 8 9 t4 4 tC 7 t2 17 t3 18,2 13 t2 7 t 7 4 t 2 2 t2 18
GODE 1 t 9 3 t 6~ 11 t 1 3 t5 6 t 1 15 t8 16,6 15 t8 9 t 1 3 t 6 1 t6 18
BURKUR 1 t3 3 tO 5 t5 ,!iz2. 5 t5 4 t2 11 t 6 17,6 16 t3 12 tO 6 t3 1 t8 18

The tribu taries
of WABI SHEBELLE

MARIBO at bridge
of DODOLA 2 t 2 6 t9~ 7 t8 4 tO 12 tO 18 t5 17 t4 12 t 4 4 t7 1 t2 1,0 4

lMaribo confluence 3 t 1 9 t8~ 7,4 3,8 11 t6 22 t 9 14 t 4 9 t 6 2 t8 1,5 1 t 7 4

ERRER 2 t 9 6 t6 12,8 ~ 6 t 2 4,4 12 t 1 .!2.L!. 11 t3 4,6 3,3 3,2 2
DAKETA 0 9,4 30,9 ~7 7 3,2 0 0 4,9 12,6 1 t 3 0 0 2

The basin of
FAFEN

JERER at
DEGAHBOUR 4,5 ~Ot4 ~0,4 ~ 7,8 0 0 °t 3 7 t2 1,3 0 0 3
FAFEN at

b2.2KEBRI-DAHAR 0 6.7 r.8.1 2.2 0.1 0 1.9 13 .4 5.4 0 0 3

Nota The coefficients of maximum discharges corresponding to the two
rainy seasons are under1ined.
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MEAN MONTHLY COEFFICIENTS
OF DISCHARGE

Evolution of the flow in the main reach of
Wabi Shebelle
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- first high flow season from March to May with a maximum in April (9.3 per cent)

- short low flow season in June

- second high flow season from July to October with a maximum in August (24.4 per
cent)

- low flow from November to February

- between Malka-Wacana and Hamero Hedad the inflows of the big tributaries from
Chercher change the period of the second maximum which occurs in September
18.2 per cent). The flood and consequently the flood recession occur later.

- between Hamero-Hedad and Gode, the flood plains of the Imi region as well as
the late inflows from the Daketa and from the tributaries of Ogaden produce a
reduction of the hydrograph and the lenghthening of the high flow periods.

The first high flow season is m:>re abundant than previously and lasts
two months : April (11,3 per cent) and May (11,1 per cent).

The second high flow season presents three pratically equivalent months
August (15,8 per cent), September (16,6 per cent) and October (15,8 per cent).

- the flood plains located between Gode and Burkur delay the occurrence of the
two maximums: the first in May (14,9 per cent); the second in September
17,6 per cent) and October (16,3 per cent). Besides, owing to the restitution
of storage water of flood plains, flood recession is slower.

7.1.2. The Errer basin

The monthly coefficients were computed from only two observation years.
It seems from these results that the two high flow seasons present equal maximums
(15,5 per cent in May and 17,1 per cent in September) but the second season is
m:>re abundant than the first.

7.1.3. The basins of the Daketa and of the Fafen

The basins of the Daketa and of the Fafen present identical flow
conditions and monthly distributions. The flow of both these rivers is inexistent
during approximately 5 months in the year, from December to February and in July
and August. The first rainy season provides the largest inflows with a maximum
in May (approximately 40 per cent) and the second and less abundant season presents
a maximum in October (approximately 13 per cent).
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7.2. STATISTICAL DISTRIBUTION OF MEAN MONTHLY DISCHARGES

Table 7.2. presents for each month, several mean monthly discharges
with different exceedance frequencies for the main stations of the main course
of the Wabi Shebelle. These data derived directly from the study of available
observations without curve fittin~. The deviation between the values of 25 percent
and those of 75 percent give the 1nterquartile range, which related to the median
(50 percent) gives an idea of the dispersion of the sample.

Graphs VII.2. and VII.3. interpret the figures presented in table 7.2.

TABLE 7.2

Mean monthly discharge with different exceedance

frequencies (in m3/s)

Station F % F M A M J J A S 0 N D J

MALKA-WAKANA 25 15,6 2 1, 1 43,7 22,7 20,3 43,9 90,2 72 ,8 47,3 12,4 7,27 8,50

1968-1972 50 9,3 17,9 25,1 20,6 9,18 41 ,2 81,8 51 ,2 28,8 10,2 5,43 5,06

(6 years) 75 4,6 4,55 12,9 16,4 6,63 35,0 74,3 43,0 14,0 7,77 4,76 4,35

LEGE-RIDA 25 12,0 18,2 93,0 107,8 36,4 82,9 199,7 206,2 129,4 53,5 47,3 14,3

1951-1971 50 7,0 10,2 48,6 39,1 17,9 64,3 162,3 155,3 86,2 31 ,5 16,5 7,8
( 18 years)

97,8 61 ,3 22,3 6,3 5,975 6,2 5,9 25,0 26,3 8,0 17,7 90,7

RAMERO-REDAD 25 IB,9 30,1 120,0 132,8 50,2 97,8 230,4 237,6 157,4 74,2 62,2 25,9

1951-1971 50 17,4 19,0 68,3 54,8 29,3 78,7 193,7 IBI ,5 109,5 49,4 28,3 IB,4

(18 years) 75 16,2 16,3 38,8 40,2 IB,9 29,6 110,2 147,8 80,0 35,7 17,0 16,5

GODE 25 22,0 24,6 165,0 162,0 44,3 91,0 213,0 228,0 192,0 88,4 56,1 19,4

1951-1971 50 12,2 14,2 84,8 66,9 25,9 67,0 185,0 173,0 139,0 63,2 26,6 \3, \

(18 years) 75 Il ,0 10,9 47,3 49,0 13,6 24,1 103,1 136,0 97,6 44,0 14,0 Il ,3

BURKUR 25 14,4 27,9 64,4 166 57,2 54,9 132,0 168,0 171 ,0 1\8,0 63,8 21,3

1951-1971 50 9,0 8,8 38,3 96,3 28,€ 28,4 118,0 160,0 125,0 84,0 30,5 10,0

(18 years) 75 7,5 6,( 10,1 57,6 17, 1 9,2 76,7 133,0 92,1 59,8 14,7 8,4

1 1 1 1
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CHAPTER VIn

SURVEY OF LOW FLOW

8. 1. DEPLETION

In this paragraph we consider that the recession discharges obey a
depletion law such as :

Q = Qo e - att

Qt discharge at moment "t" , in m3/s=

Qo = discharge at moment "0" , in m3/s

a

t

= depletion coefficient in days "-1,, which signifies th8t the inverse
of "a" is termed in days.

= time in days.

Coefficient "a" is as a rule well defined when it applies to an homoge
neous hydrogeological entity.

In the case of the basin of the WABI SHEBELLE, it is very variable since
low flow is often supplied by the successive emptying of several hydrogeological
basins.

This feature is complicated by the manifestation of floods from the upper
basin during the depletion period and by the presence of floodable zones which
restitute their storage water until a far-advanced recession period.

The depletion coefficients presented in the table below consist of
average figures computed fram often very scattered samples. The discharge at the
beginning of the depletion indicated in this table corresponds to the mean discharge
below which recession begins.

Station Depletion coefficient Average hirige discharge
in d-I m3/s

- WABI SHEBELLE to MALKA-WAKAN 0,012 5,2

- WABI SHEBELLE to LEGE-RIDA 0,013 12,0

- WABI SHEBELLE to HAMERO-BEDA 0,013 22,0

- WABI SHEBELLE to lMI 0,005 14,0

- WABI SHEBELLE to GODE 0,013 15,0

- WABI SHEBELLE to KELAFO 0,022 14,0

- WABI SHEBELLE to BURKUR 0,020 20,0

- ERRER to RAMERO-HEDAD 0,003 2,70
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This table shows that, from MALKA-WAKANA to RAMERO-HEDAD, the deple
tion coefficients are close to 0,013. At IMI, a sudden discontinuity appears
and the coefficient falls to 0,005. This is due to the slow restitution of the
storage water of the flood plains and by the slow emptying of the alluvial water
table oversupplied during the flooding periods. After IMI, the depletion coef
ficients increase again owing to the influent seepage of low water discharge in
the channel. The coefficient slightly decreases between KELAFO and BURKUR because
of the restitution role of flood-plains.

8.2. LaW WATER DISCHARGES

Table 8.1. sums up the values of characteristic low water discharges
observed at the main stations of the basin. The DAKETA, the FAFEN and the JERER
are not mentioned in this table since their low water discharge is inexistent.
The main characteristic discharges presented here are : the minimum flow
( Q min), the maximum discharge for the 10 lowest consecutive days (Q 10) and
the maximum discharge for the 30 lowest consecutive days (Q 30). Next to Q min,
the date when this minimum discharge occurs is given.

8.2.1. Low water discharges in the upper basin.

The six low water discharges observed at MALKA-WAKANA present a great
regularity. Minimum flows vary from 3,01 to 4,62 m3, Q 10 from 3,23 to 5,12 m3/s
and Q 30 from 3,67 to 7,45 m3/s. The minimum flow value is only linked to the
length of the dry season. The highest low water discharge observed in 1968 - 1969
(4,62 m3/s) corresponds to an unusually short dry season of only one month. The
weakest low flow observed in 1970 - 1971(3,01 m3/s) corresponded to a very long
dry season of three and a half months and lasted until the beginning of March.
Rainfall observations show that the average dry season lasts 75 days (from the l5th
of November to the 31st of January). The average minimum low flow at MALKA-WACANA
is therefore approximately 3,75 m3/s (about 0,7 l/s. Km2).

Between MALKA-WAKANA and LEGE-RIDA, low water discharges are scarcely
greater. In 1970-1971 (severe low flow) the low water discharge at LEGE-RIDA is
only 2,2 m3/s greater than at MALKA-WAKANA. One may therefore consider that the
minimum low water discharge at LEGE-RIDA is approximately 5,80 m3/s (or 0,27 l/s.
km2). The inflow of 2 m3/s from the middle basin (ULUL, SIYANAN ... ) is probably
not more than 0,12 l/s. km2.

8.2.2. Low water discharges from RAMERO-HEDAn to BURKUR.

Between LEGE-RIDA and RAMERO-REDAn, the low water discharge increases
owing to the inflows of the permanent tributaries from Chercher, for instance
the ERRER which supplies an average of 2 m3/s or 0,14 l/s. km2.
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TABLE 8-1

CHARACTERISTIC LOW WATER DISCHARGES IN m3/s

Station Year Date Q min Q 10 Q 30

WABI SHEBELLE

Bridge of DODOLA 1966-1967 26- 3-1967 1.10 1.24 1.24
1967-1968 29- 1-1968 1.24 1.38 1.52
1968-1969 27-12-1968 1.38 1.3-8 1.66
1969-1970 17- 2-1970 1.24 1. 38 (1 .38)
1970-1971 10- 3-1971 1• 10

MALKA-WAKANA 1967-1968 31- 1-1968 3.90 4.13 4.37
1968-1969 27~12-1968 4.62 5.12 7.45
1969-1970 21- 2-1970 3.90 IL 37 4,62
1970-1971 6- 3-1971 3.01 3;23 3.67
1971-1972 1- 2-1972 4.37 4.62 7.10
1972-1973 .( 3.67

LEGE-HIDA 1970-1971 15- 3-1971 5.21 5.21 6.57
1971-1972 29- 1-1972 6.3 (7.6) (13.6)

RAMERO-HEDAn 1968-1969 15- 2-1969 19.5 24.8 34.8
1969-1970 13- 1-1970 11. 1 11.5 13.5
1970-1971 17- 3-1971 7.59 7.92 10.6

IMI 1969-1970 14-: 1-1970 12.4 12.6 13.4
1970-1971 19- 3-1971 9.84 10.0 10.9

GODE 1967-1968 10- 2-1968 21.8 23.5. 31.2
1968-1969 20- 2-1969 12.3 18.4 22.1
1969-1970 20- 1-1970 7.77 8.5 11.7
1970-1971 29- 3-1971 4.01 4.28 6.72
1971-1972 (9.0) (14.8)

KELAFO 19ti7-1968 15- 2-1968 18.8
1968-1969 20- 2-1969 10.6 (15.8) (18.0)
1969-1970 23- 1-1970 7.26 7.89 10.9
1970-1971 30- 3-1971 3.01 3.31 5.31

BURKUR 1968-1969 22- 2-1969 17.1 (19,9) (24,0)
1969-1970 25- 1-1970 6.8 7.7 11.4
1970-1971 3- 4-1971 2.71 3.18 4.47

TRIBUTAIRES

MARIBO at bridge 1966-1967 2- 3-1967 0.080 0.100 0.336
of DODOLA 1967-1968 20- 1-1968 0.123 0.265 0.375

1968-1969 26-12-1968 0.336 0.502 2.10
1969-1970 20- 2-1970 0.502 0.648 1.47
1970-1971 11- 3-1971 0.123 0.123 0.202

MARIBO confluence 1968-1969 24-12-1968 1. 12 1.56 5.48
1969-1970 20- 2-1970 0.96 1.24 11.4
)970-1971 9- 3-1971 0.431 0.516 1.07

ERRER to RAMERO-HEDAn 1968-1969 1- 2-1969 2.70 2.70 2.70
1969-1970 17- 2-1970 1.60 1.62 1. 70
1970-1971 1- 5-1971 1.40 1.41 1.60
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The considerable dispersion of the low water discharges of the WABI
SHEBELLE downstream from HAMERO-HEDAD is due to these re1ative1y irregu1ar
inf1ows. Be10w HAMERO-HEDAD, the WABI-SHEBELLE receives no more inf10ws during
the low f10w period since a11 its tributaries are intermittent. Consequent1y, it
is possible to estimate the IO-year and mean annua1 low water discharges using
the observations of Be1et-UEN.

The avai1ab1e data for an estimate of these discharges inc1ude, i.e

- 16 years of mean discharges (per five day periods) at the BELET-UEN
station in Soma1ia ;

- The mean dai1y discharges observed during three consecutive low f10w
periods (1968-1969-1970 and 1970-1971) at the stations of the lower valley (IMI,
GODE, KELAFD and BURKUR).

8.2.2.1. Statistica1 survey of the low water discharges at BELET-UEN.

Discharge data for periods of five days are avai1ab1e but ~hey are
very inaccurate especia11y for the years preceding 1963. In fact, the same values
often represent the low water discharges for severa1 consecutive periods o~ five
days. Consequent1y the resu1ts achieved through statistica1 ana1ysis must be used
very carefully.

The observations of the lowest consecutive discharges for five days
present 16 annua1 values. The normal distribution curve for these 16 values present
the fo11owing parameters

- average ;: 6,5 m3/s

- standard-deviation : 3,54 m3/s

The coefficient of variation is very high : 0,54.

The low water discharge per five day periods for a dry decennia1 fre
quency 1S 1,95 m3/s.

Taking into account the 1imited character of the discharge data and
their poor qua1ity~ the uncertain1y margin concerning the resu1ts is very high and
certain1y attains - 20 per cent.

Furthermore, according to the observations made on the low-water
discharges at the BURKUR station, the minimum low f10w is on1y 2 to 4 per cent
lower than the me-an discharge of the five lowest days.

The fo11owing values are given for the minimum low f10w at BELET-UEN

1 . 6 + /Mean annua low water d1scharge ,5 - 1,3 m3 s.

10 1 . 9 + 4 /Dry -year ow water d1scharge 1, 5- 0, m3 s.
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8.2.2.2. Low-water discharges observed from RAMERO-REDAn to BURKUR.

The resu1ts given in table 8.1. show the considerable variabi1ity of
10w f10w. At GODE, the 10w-water discharge for 1967 - 1968 is five times higher
than the 10w water discharge for 1970 - 1971. This is due to the fact that no comp1e
te1y dry season exists on the high p1ateaus and that dep1etion periods are very
often interrupted by f100ds.

Low water discharges for 1969 - 1970 and 1970 - 1971 are 1ess affected
by f100ds occurring outside the season and they a110w studying the evo1ution of
the characteristic 10w water discharges in the 10wer valley. This evo1ution is
c1ear1y comparable for the two years and it is represented on graph VIII.I. which
a1so gives the characteristic discharges (Q min and Q 30), function of the 1ength
of the reach between stations.

On this graph distinct1y stands out :

- the increasing 10w water discharges from RAMERO-REDAD to IMI.

- the decreasing 10w water discharges from IMI to BURKUR this feature
baing more pronounced upstream from GODE than downstream.

The greater low water discharges and especia11y minimum low water
discharges between RAMERO-REDAn and IMI are not due to inf10ws from the tributaries
be10w RAMERO-REDAD since low f10w is inexistent for a11 of them. It is due to the
water supp1ied by the ground water table which is recharged by f100ding in the
IMI region. This is proved by the dep1etion coefficients at IMI.

Between IMI and GODE, the low water discharges decrease very distinctly.

The decrease of the minimum 10w water discharge between IMI and GODE
1S 4,6 m3/s for 1969 - 1970 and ~m3/s for 1970 - 1971.

This is due to evaporation los ses and particu1ar1y to infiltration in
the channe1.

The decrease of 10w water discharges between GODE and BURKUR is far
1ess pronounced and Q 30 of 10w water discharge for 1969 - 1970 even increases
between KELAFO and BURKUR. This is due to the slow restitution of storage water
in the flood plains located between KELAFO and MUSTAHIL which part1y compensates
for evaporation 10sses and infiltration in the channel.

Between BURKUR and BELET UEN, the low water discharges probab1y present
a comparable evo1ution with that of the reach of KELAFO-BURKUR.

Consequent1y, the minimum low-water discharges at BELET-UEN should
approximately be :

and

6,5 m3/s for low f10w in 1969 - 1970

2,5 m3/s for low f10w in 1970 - 1971.
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8.2.2.3. Estimate of the 10=year dry and average low water discharges

The previous observations on the evolution of the low water dis charges
between HAMERO-HEDAD and BELET-UEN and the statistical study of low water dis
charges at BELET-UEN allow roughly estimating the mean annual low water dischar
ges. The latter correspond, within approximately ~ 20 per cent, to the observa
tions of low flow in 1969 - 1970.

The results are as follows, i, e

Station Minimum low flow Q 30 days m3/ s.
m1./~

HAMERO-HEDAD 11,° +
2,2 13,5

+
2,7- -

lMI 12,5
+

2,5 13,5
+

2,7- -
GODE 7,8

+ +
2,3- 1,5 11 ,7 -

KELAFO 7,3
+ 1,5 11,° +

2,2- -
BURKUR 6,8

+
1,4 11 ,° +

2,2- -

One may note that the average minimum low flow increases from 5,80
to Il m3/s between LEGE-HIDA and RAMERO-HEDAD and that the contribution of the
middle basin (UNGWATA, RAMIS ... ) represents approximately 3 m3/s or 0,1 l/s.
km2, since the ERRER supplies 2 m3/s. Downstream from MALKA-WACANA aIl the
perennial tributaries present weak specifie low water discharges, from 0,10 to
0,14 l/s. km2.

The 10 year dry water discharge at BELET-UEN is 1,95 + 0,4 m3/s and
approximately 20 per cent less than the low water discharge of 1970 - 1971 which
corresponds to 2,5 m3/s.

If this difference of 20 per cent is applied to the low water discharges
observed in 1970 - 1971 in the lower valley, the following results are achieved :

Drv 10th vea occurence :
Station M~nimum low flow Q 30 clays m3! s

m3/s

RAME RO-HEDAn 6,1
+ 8,5

+
1,7- 1,3 -

IMI 7,9
+

1,6 8,7
+ 1, 7- -

GODE 3,2
+

0,6 5,4
+ 1, 1- -

KELAFO 2,4
+

0,5 4,2
+

0,8- -

BURKUR 2,2 + 0,4 3,6
+

0,7- -
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8.3. DATE OF MINIMUM LOW FLOWS.

Table 8.1. shows that the date of minimum low flows varies considerably
from year to year and is conditioned by the date when the first rainy season begins
on the high plateaus, this being linked to the movement to the North of the
Intertropical Front or FIT.

In the upper basin, for the observation period, it occurs between the
end of December and the beginning of March and in the lower valley, between the
15th of December and the beginning of April.

A longer observation period would be necessary in order to de termine
with more precision the occurrence probabilities of low water discharges in the
basin.

The low water discharges of the upper basin, which receives abundant
rainfall, depend on the local rainfall conditions and consequently, they occur at
variable times in the various under-basins.

From HAMERO-HEDAD and downstream, the absence of inflows limits the
problem of low water discharges to a mere question of flow propagation. The latter
is not easily analysed for a period of two or three years but may be roughly
estimated from the very severe low flow of 1970 - 1971, the total propagation of
which lasted 17 days between HAMERO-HEDAD and BURKUR, hence for approximately
650 km, 35 to 40 km dai ly or 0,40 ml s .

8.4. SECONDARY LOW WATER DISCHARGE OF JUNE.

The intermission between the two rainy seasons of spring and autumn
results in a decrease of discharges and in the manifestation of a secondary
low water discharge.

Table 8.2 gives the minimum daily observations for this period at the
main stations along the WABI SHEBELLE.

It must be noted that the time interval for the manifestation of secon
dary low water discharge is considerably shorter than for the main low water
dis charge : end of May to middle of June for MALKA-WAKANA, June for the middle
waterway and from the end of June to the middle of July for the lower valley. The
propagation rate downstream from HAMERO-HEDAD seems slightly higher than that of
the main low water discharge (probably three days less until BURKUR).

The value of this secondary low water dis charge of June is twice that
of the main m~n~mum low flow at MALKA-WAKANA; this proportion increases in the
downstream part and is pparently three times more at HAMERO-HEDAD and four times
more at BURKUR.

The duration of the secondary low water discharge is very short and
consequently the corresponding characteristic discharges : Q 10 and Q 30 are
proportionally much greater for a minimum daily low flow than the same characte
ristic discharge for the main low of January - March.
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TABLE 8.2

.CHARACTERISTICS OF THE SECONDARY LOW

WATER DlSCHARGE OF JUNE

Station Year Date of Q min (m3/s)minimum
flow

WAB l SHEBELLE

MALKA WAKANA 1968-1969 30- 5 9.56
1969-1970 18- 6 6.00
1970-1971 6- 6 5.58
1971-1972 5- 6 11.2
1972-1973 15- 6 5.81

LEGE-RIDA 1970-1971 8- 6 13.4
1971-1972 8- 6 24.5

HAMERO-HEDAD 1968-1969 26- 6 85.0
1969-1970 23- 6 31.6
1970-1971 30- 6 17.3

lMl 1969-1970 25- 6 20.6
1970-1971 2- 7 15.2
1971-1972 10- 6 27.6

GODE 1968-1969 30- 6 68.4
1969-1970 29- 6 24.4
1970-1971 10- 7 14.5
1971-1972 13- 6 37.7

KELAFO 1969-1970 1- 7 17.9
1970-1971 12- 7 12.9
1971-1972 14- 6 30.6

BURKUR 1969-1970 2- 7 24.9
1970-1971 14- 7 12.8
1971-1972 17- 6 30.5
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CHAPTER IX

FLOOD SURVEY

The purpose in this chapter is to present

- the formation mechanism of floods in the basin;

- the characteristic shape of flood hydrographs;

- an estimate of floods with annual, JO - year, and for some stations, 20 - year,
frequencies for each large natural zone.

The limited number of hydrological observations as well as the practi
cally complete lack of daily rainfall recordings for long periods did not allow
further estimating the floods presenting an unusual frequency.

. In the follow~ng paragraphs, the maximum discharges surveyed correspond
to 1nstantaneous flood d1scharges and not to mean maximum daily discharges.

9.1. FLOODS OF THE UPPER BASIN UPSTREAM FROM MALKA-WAKANA

9.1.1. Formation conditions of floods and shape of flood hydrographs.

The general formation conditions of floods may be known by studying
rainfall conditions on the high plateaus and floods at the four stream gauging
stations controlling drainage basins of variable sizes : MARIBO at the bridge
(260 km2), MARIBO confluence (1 220 km2), WABI SHEBELLE ~t the bridge (J 260 km2)
WABI SHEBELLE at MALKA-WAKANA (5 290 km2). The high floods which may be conside
red as derived from a generalized runoff, occur after an average rainy phase of JO
days with a total rainfall depth exceeding 80 mm.

The rainfall intensity curve of this rainy phase does not present a
well defined shape but always includes a maximum of two or three consecutive
days with strong precipitations. The total maximum exceeds 60 mm. The position
of this maximum is variable and is placed either at the beginning, in the ndddle,
or at the end of the rainy phase.

Each strong flood only occurs when soil has been previously saturated
with water after the rainy phase. In fact, it may be noted that the strongest
floods observed during the first rainy season usually occur in April whereas rain
fall begins in February. Likewise, during the second rainy season the strongest
floods occur between August and October but rainfall begins in July.

The floods of the first rainy season and the late October floods are
usually due to strong and very individualized storms. The flood hydrographs are
relatively sharp with short rising-time (2 or five days according to the basin
area) and base-times of approximately 14 days.
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The floods of July, August and September are due to not very intense
monsoon rains over the whole basin. The hydrographs usually present less pronoun
ced shapes. The maximums occur in the middle of the rainy season consecutively
to a more intense rainy phase.

Two examples of these flood hydrographs for the MALKA-WAKANA station
are represented on graphs IX. 1 and IX.~2. Graph IX. 1 corresponds to a sharp
flood of the first season and graph IX. 2., to a "smoother" flood of the second
season.

9.1.2. Maximum discharges observed during the survey period.

Table 9.1 presents the maximum flood discharges for the first and second
rainy seasons, as weIl as the corresponding specifie discharges. For the stations
of MARIBO and of the WABI-SHEBELLE bridge which are only equipped with a staff
gauge allowing observations twice a day, these discharges therefore do not corres
pond exactly to the peak flood discharge and may be slightly underrated.

This table shows that the annual peak discharges either occur during
the first or the second rainy season. For instance, at Malka-Wacana, out of six
values two annual maximum values were observed in April, two maximums in August
and two maximums in October.

The specifie discharges are relatively low for rivers presenting very
steep slopes in a considerable part of their drainage basins. This weakness of
specifie flood discharges is due to the long but not very intense rainfall condi
tions (the most important rainfall on the basin does not exceed 80 mm/h). It is
also due to the considerable perviousness of soil and to the reduction effect in
the alluvial plain for the downstream stations of the MARIBO of the WABI-SHEBELLE.

9.1.3. Flood estimate for a given frequency.

An elaborate study of rainy phases would have facilitated the estimating
of floods for an unusual frequency, but this is not possible owing to the lack of
uninterrupted recordings at the rain-gauging stations of the basin.

However, an approximated estimate of annual and IO-year floods at M1\LKA
WAKANA may be obtained from the study of flood hydrographs and of the data of rainy
phases on the basin and at ADDIS-ABEBA.
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TABLE 9.1

Maximal flood discharges at the stations of the upper basin
upstream from MALKA-WAKANA.

Ist rainy season second rainy season

Station Year Q max Q specifie Q max Q specifie
m3/s l/s.km2 m3/s l/s.km2

Wabi Shebelle 1967-1968 - - 106 84. 1
at the bridge 1968-1969 59.7 47.3 50.0 39.7
of Dodola 1969-1970 23.5 18.6 71.9 57.1
1 260 km2 1970-1971 16.4 13.0 90.9 72:T

1971-1972 17.7 14.0 67.5 53.6-- -
1967-1968 - - 228 43. 1

Wabi Shebelle 1968-1969 133 25.1 "i"5'4 T9":7
at Malka-Wakana 1969-1970 n 13.6 147 27.7
5 290 km2 1970-1971 90 17.0 180 34.0

1971-1972 51 9.6 143 27.0
1972-1973 106 20.0 103 19.5- -

--

1967-1968 11.7 45 33.4 128
Maribo at the 1968-1969 27.5 106 2'0':0 ri
bridge of 1969-1970 T7':6 ""68 28.4 109
Dodola 1970-1971 35.2 135 24.4 94
260 km2 1971-1972 T4:2 55 28.4 J09-- -

1968-J969 - - 81.6 67
Maribo at the J969-J970 44.8 36.7 53.6 44
confluence of J970-J97J 63.5 52.0 83.4 68
the Wabi Shebel J97J-J972 36.4 29.8 60.9 50
le -- -
J 220 km2

The maximal annual discharges are underlined.
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Four important floods have been studied as well as the rainy phases
from which they result. The informations thus collected are given in the table
below.

The symbols used are as follows, i.e :

P mean rainfall on the basin, in mm.
m

V overland flow in m3.
r

H rainfall excess in mm.
r

Qmax peak flood discharge in m3/s.

K overtand flow coefficient.
r

~x ratio of the peak flood discharge to the mean flood discharge,
Qav.~: this ratio determines the shape of the flood hydrographe

Date
Pm Vr Hr Q max Kr Q ma~

mm 106 m3 I!IIIl m3/s per cent Q aver

2 to 15-10-1967 100 1 109 20.7 228 20 2.34

9 to 28-11-1967 100 74 14 143 14 2.86

11 to 23-03-1970 65 23 4.4 86 7 2.93

26.9 to 19-10-1971 75 52 9.9 105 13 2.94

Each of these floods are due to a generalized rainy phase over all
the basin lasting approximately 10 days ,and the base-time varies from 12 to
17 days.

Taking into account the available observations on rainfall at the
rain-gauging stations of the basin and at ADDIS-ABEBA, the following values may
be given for the mass rainfall depths of unfrequent rainy phases :

Rainy phase with a bi-annual frequency (occurrence 1 year out of 2)
80 mm.

Rainy phase with a 10 year frequency : 130 mm.

These figures, as well as the characteristics of the floods observed
allow producing a rough estimate of floods with bi-annual or decennial frequencies.
These floods present the following features :
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Pm Vr Hr Q max Kr Q~
Elood

106 m3 m3/s per cent Q
lIUI1 mm

aver ..

Bi-annual (median) 80 63 12 150 15 2,80

Decennial 30 137 26 300 20 2,50

For the four stations of the upper basin the following'estimates May
be given. They are deduced analogically from the preceding values taking into
account the observations made.

Bi-annual flood 10 year flood

( 1 year out of 2) ( 1 year out of 10)
Station

Q Q Q Q
m3/s l/s.km2 m3/s 1/s .km2

WABI SHEBELLE at bridgE 80 63 200 160

WAB l SHEBELLE to MALKA
WAKANA 150 29 300 58

MARIBO at bridge 30 115 75 290

MARIBO at confluence 70 57 170 140

9.2. WABI SHEBELLE FLOODS AT LEGE-HIDA.

9.2.1. Origin and shape of floods.

Between MALKA-WAKANA and LEGE-HIDA, the WABI-SHEBELLE receives the
most abundant tributaries of its drainage basin, such as the ULUL, RADIDA and
SIYANAN. These tributaries flowing from the most rainy regions of the basin
(the high plateaus from TICHO to GOLOLCHA) considerably increase the peak dischar
ges of the WABI-SHEBELLE.

The rainfall conditions on these high plateaus being similar to those
of the basin of MALKA-WAKANA, floods occur during the same periods and the flood
hydrographs are scarcely different from those ebserved at MALKA-WAKANA. The floods
of the first season are swifter and more violent than the floods of the seoond
season. As in the case of MALKA-WACANA, annual maximums MaY be observed in the
first season as weIl as in the second rainy season.
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9.2.2. Maximal discharges observed during the survey period.

The fo110wing table presents the peak discharges above 100 m3/s
recorded during the two observation years. These peak discharges correspond to

we11 individua1ized f100ds. For Ju1y, August and September, during which the
discharge is a1ways more than 150 m3/s, on1y the maximum recorded during the
period is given.

Year Date
Peak dis- Specifie
charge discharge

m3/s l/s.km2

1970-1971 17 March 717 33.3-- --
16 April 288 13.4

17 August 627 29.2 Discharge above 100 m3/s

30 October 130 6.0 from Ju1y 18 to October 12

1971-1972 13 April 170 7.9

10 May 135 6.3

18 June 154 7.2

19 August 253 11.8 Discharge above 100 m3/s

7 October 215 10.0 from Ju1y 29 to September 12

16 November 327 15.2-- --

Maximal annua1 discharges are under1ined.

Despite a 1arger basin area which from 5 290 km2 at MALKA-WAKANA
extends to 21 500 krr2 at LEGE HIDA, the specifie flood discharges are prattica11y
the same as those observed at MALKA-l~AKANA. This tends to show that the specifie
flood discharges of intermediate tributaries are greater, for a same drainage area,
than those of the upper basin upstream from MALKA-WAKANA. Their drainage basins
receive a greater amount of rainfa11, soi1 is not so pervious and there is no
flood reduction by an alluvial plain.

F100ds with an unusual frequency are not evaluated in this paragraph
but in paragraph 9.6 which presents the data of peak discharges for a11 the stations
from LEGE-HIDA to BURKUR.
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9.3 FLOODS OF THE MIDDLE BASIN BETWEEN LEGE-HIDA AND HAMERO-HEDAD

Between LEGE-HIDA and HAMERO-HEDAD, the WÀBI SHEBELLE is joined by
the big tributaries from the CHERCHER plateaus., such as the UNGWATA, the RAMIS,
and the ERRER. These tributaries present a subarid character which is gradually
more pronounced from the West to the East, and flash floods sometimes producing
high specifie peak discharges.

The ERRER floods are examined before the WABI SHEBELLE floods at both
the stations of the sector near HAMERO-HEDAD.

9.3.1. The ERRER floods at HAMERO-HEDAD.

9.3.1.1. Origin and shape of floods.

The ERRER floods are consecutive to a rainy phase of two or three days
presenting at least one very intense storm. These rainy phases are usually locali
zed on part of the basin and give rise to very sharp floods with a short rise time,
from half an hour to three hours and a recession lasting from four to twelve hours.
They are followed by a subsurface runoff corresponding to approximately a dozen
m3/s for several days. The volumes of runoff during these floods are very moderate.
These floods occur between March and November.

An example of a flood hydrograph is represented on graph IX.3.

9.3.1.2. Maximal discharges observed during the survey-period.

The peak dis charges above 100 m3/s recorded during the observation
period are presented in the following table. 1968 - 1969 and 1969 - 1970 are
incomplete (a:JiID.e gaps in the recording).

Year Date Maximum discharge Specifie maximum dis charge
m3/s l/s.km2

1968-1969 June 5 296 20.8

1969-1970 June 26 126 8.9
November 1 264 18.6
November 2 134 9.4

1970-1971 April 16 176 12.4
April 25 556 39.1
May 4 250 Tf:6
August 20 128 9.0

..

1971-1972 April 12 107 7.5
May 3 131 9.2
May 17 151 10.6
May 23 120 "B:4
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The maximal annual discharges for the two complete years are underlined.

Though this table is incomplete, it nevertheless shows the great irregu
larity of annual flood discharges.

These results allow estimating approximately the maximal annual and
la year flood discharges

Bi-annual flood : 425 m3/s or 30 l/s. km2

10-year flood :1000 m3/s or 70 l/s. km2

The specifie discharges are greater than those of the MALKA-WAKANA
basin since floods are more violent here (greater rainfall intensity and more
impervious soil) and though the ERRER basin with its 14 200 km2 is twice larger.

9.3.2. Floods of the WAHl SHEBELLE at RAMERO-HEDAD.

9.3.2.1. Origin and shape of floods.

The comparison of flood hydrographs between LEGE-HIDA and RAMERO-HEDAD
showsthat the floods of the intermediate basin scarcely affect the peak floods
recorded at HAMERO-HEDAD. The ERRER floods are practically completely abated in
the channel of the WABI SHEBELLE between the two stations which are nevertheless
only at a few dozen kilometers distance from each other. For instance, the maximal
flood recorded for the ERRER on the 25th of April 1970 (556 m3/s) only produced an
increase of. 50 m3/s of the discharge of the WABI SHEBELLE at RAMERO-HEDAD. The
shapes of the flood hydrographs of the WABI SHEBELLE at RAMERO-HEDAD are therefoLe
comparable to those of LEGE-HIDA with however a slight abatement of peak discharges
in the channel of the WABI-SHEBELLE.

Two flood types may be observed, i.e

- The floods of the first rainy season (from March to May) and the late November
floods due to rainy phases, weIl individualized in time and place and presenting
a stormy character. These very sharp floods have a relatively short rising ti~e

of three or five days.

- The floods of the second rainy season (from July to October) resulting from more
regular rainy phases with a larger distribution on the high plateaus These floods
occur in the middle of a high flow-period and their hydrographs present less
pronounced shapes than the previous flood hydrographs.

Both types of floods are represented on graphs IX.4 and IX.5.

9.3.2.2. Maximal discharges observed during the survey-period

The table below presents the peak discharges above or approximately
200 m3/s recorded during the survey period for well-individualized floods.
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The relation between the peak flood discharges at HAMERO-HEDAD and
the corresponding flood peaks at LEGE-HIDA shows that the floods of HAMERO-HEDAD
are only 5 to 10 per cent higher than those of LEGE-HIDA (see graph IX.6). The
specifie discharges of maximal annual floods are three times smaller than the
specifie discharges of the floods at LEGE-HIDA.

For an estimate of floods with an unusual frequency, see paragraph 9.6.

Max. Specifie
Year Date dischar. maximum

(mJ/s) discharge
O/s .km2

1968-1969 March 2 244 3.8
April 11 894 13.9 Discharge above 100 m3/s
August 18 338 ""'"5:2 from June 28 to October 10

1969-1970 February 28 404 6.3
March 13 377 5.8
March 28 346 5.4
April 10 280 4.3
May 3 616 9.5
August 3 350 5.4 Discharge above 100 m3/s

1970-1971 March 17 750 11.6 ' from July 22 to Sept 23

April 17 365 -s:7
May 242 3.8
August 22 600 9.3
October 28 220 3.4

1971.,..1972 April 14 236 3.7
June 20 192 3.0
August 23 344 5.3 Discharge above 100 m3/s
October 8 240 3.7 from July 7 to Sept 21
November 17 384 6.0-- -

Maximal annual discharges are underlined.

9.4. Floods of the DAKETA

After HAMERO-HEDAD, the WABI SHEBELLE receives the inflows of the
DAKETA, an intermittent tributary presenting floods similar to those of the ERRER
and probably even more violent.
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9.4.1. Origin and shape of floods

As in the case of the ERRER, the floods are consecutive to a very
localized maximal rainfall period of three days. However greater rainfall inten
s1t1es give rise to higher peak discharges for a same drainage area. The shape
of the flood hydrograph is comparable to that of the ERRER, that is to say that :

l

rising-time is from 30 minutes to 5 hours according to the origin of the flood;

- recession time is slightly longer from 36 to 48 hours;

- subsurface runoff corresponds to a few c3/s for several days.

A characteristic example of a flood hydrograph is given on graph IX.7.

The basin of the DAKETA stretches from the North to the South and
presents mixed rainfall conditions related to the conditions on the high plateaus
and in OGADEN. The dates of flood occurences are variable. They may occur from
February to November but are considerably more frequent in April and May and in
September and October.

9.4.2. Maximal discharges observed during the survey periode

The maximal floods exceeding 100 m3/s are presented below. For
1968 - 1969 and 1969 - 1970 the data are incomplete owing to gaps in the observa
tions.

Year Date
Maximal discharge Specifie maximal discharge

(m3/s) (1/s.km2)

1968-1969 February 26 763 53.7
1969-1970 May 16 169 11.9

October 10 205 14.4
November 2 358 25.2

1970-1971 March Ist 248 17.5
March 8 202 14.2
April 14 354 24.9
April 21 294 20.7
April 26 494 34.8
~...ay 4 298 21.0
Sept 25 466 32.8
October 18 203 14.3
October 20 390 27.5
October 21 250 17.6

1971-1972 March 25 192 13.5
April 7 317 22.3
April 11 239 16.8
April 12 273 19.2
May 3 225 15.8

May 6 1lli. 58.7
June 18 178 12.5
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The data presented in this table show that the flood discharges are
greater than those of the ERRER though the drainage basins have the same surface
(14 200 km2). lrregu1arity is equa11y pronounced.

9.4.3. Flood estimate

The characteristics of five important f100ds have been studied as we11
as the rainy phase from which they resu1t and they may be found in the fo11owing
table with the same symbo1s as for MALKA-WAKANA (paragrap 9.1.3.)

Pm Vr Hr Q max Kr maxQDate 106m3 m3/s per cent aver Qmm mm

2. Il . 1969 48 20 1.41 358 3.0 4.6

1.03.1970 27 13.3 0.94 248 3.5 4.8

4.05.1970 31 20.4 2.93 298 9.5 2.6

25.09.1970 25 11.5 0.81 466 4.5 10.5

6.05. 1971 25 32.4 2.3 834 9.2 6.7

For these five f100ds the reduction coefficient (ratio of the average
rainfa11 to the maximum point rainfa11) are very high : from 0,25 to 0,35. This is
due to the fact that rain storms are never genera1ized over a11 the basin. From
the observations for a long period at JIJIGA, an estimate has been made of the
accumu1ated precipitation corresponding to 80 mm for a punctuated rainy phase of
three days in an average year and to 120 mm for a rainy phase for a 10-year occu
rence. After reduction. the rainy phases present average rainfa11 depths of appro
ximate1y 25 mm for the bi-annua1 flood and of 40 mm for the 10-year occurence flood.

These values of rainfa11, the preceding observations on runoff coeffi
cients as we11 as the shapes of flood hydrographs 1ead to the fo11owing estimates

- for a bi-annua1 flood 640 m3/s or 40 l/s. km2

- for the 10-year flood 400 m3/s or 100 l/s. km2

These estimates are of course very approximated. lt may be noted that
they are 50 per cent higher than those of the ERRER.

9.5 FLOODS OF THE LOWER VALLEY OF THE WABI SHEBELLE

The DAKETA is the 1ast big tributary which can produce considerable
f100ds on the WAHl SHEBELLE before it f10ws into the lower valley •
...
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In the alluvial plains of the lower valley, floods are reduced by the
flood plains. A first reduction of the flood maximums occurs in the plains of
the IMI region. The floods then travel from CUGNO to the North of KELAFO practical
ly without leaving the minor channel which is embanked in alluvial deposits. A
second far more important reduction then takes place in the vast alluvial plains
between KELAFO and MUSTAHIL.

The inflows in this sector (between IMI and MUSTAHIL) are not conside
rable and form sharp local floods with moderate peak discharges and small volumes.
The annual flood hydrograph at BURKUR is considerably reduced and regularized so
that it presents practically only two flood waves, one for each season.

A complete study of runoff in the lower valley may be found in chapter
V (paragraph 5.5, and graph V.2).

The average time taken by floods to travel from IMI to BURKUR is as
follows, Le. :

Reach of IMI - GODE 2 days
t:l " GODE - KELAFO 1 day

" " KELAFO - BURKUR 8 to 15 days depending on the height of the
flood.

In order to account for this reduction of the flood hydrographs, the
maximum floods of the first and second season for the four stations of the valley
are given in the following table for the common observation period of 1969 - 1971.

IMI GODE KELAFO BURKUR

Year Season
m3/s l/s km2 m3/s l/s km2 m3/s l/s km2 m3/s l/s km2

1969-1970 1st (400) 4.4 480 3.8 306 2.2 215 1.5
2nd 318 3.5 278 2.2 250 1.8 188 1.3

1970-1971 1st 660 7.2 594 4.7 342 2.5 237 1.6
2nd 542 5.9 489 3.8 313 2.3 244 1.7

1971-1972 Ist 724 7.9 428 3.4 289 2. 1 136 0.9
2nd 306 3.3 293 2.3 216 1.6 172 1.2

Between !MI and BURKUR, the reduction of peak floods averages approxi
mately 10 to 15 per cent. After GODE, floods are considerably reduced in the flood
plains. For the observation period, the maximum floods do not exceed 350 m3/s at
KELAFO and 240 m3/s at BURKUR. The reduction of the flood seems to increase together
with the value of the latter and tends to approximately 40 per cent between GODE
and KELAFO and once again 40 per cent between KELAFO and BURKUR.

The total reduction of the peak flood between IMI and BURKUR could
probably attain a maximum of 60 to 80 per cent, depending on the importance of
the flood and on the period during"which it occurs. This reduction should be propor
tional to the filling level of the flood plains (cf parag. 9.6.2.)
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9.6. FLOOD ESTIMATE AT THE WABI SHEBELLE STATIONS FROM LEGE-HIDA TO BURKUR

9.6.1. Estimate of floods presenting an unusual frequency at BURKUR

Mean discharge data for periods of five days are available at the BELET
UEN station downstream from BURKUR. These discharges are on an average 2 per cent
lower than the maximum flood discharge. The flood maximums at BELET UEN are closely
related to those of BURKUR, i.e

Q BURKUR = 0,98 Q BELET-UEN + 19 (in m3/s).

This relation enabled drawing the data of 19 annual maximums at BURKUR,
from 3 observation years and from 16 years reconstituted through BELET-UEN obser
vations. These data are given in the following table :

Maximum annual flood discharges at BURKUR

Year Q max Year Q max
(m3/s) m3/s

1951 352 1961 391
1952 164 1962 254
1953 n. obs. 1963 340
1954 252 1964 202
1955 158 1965 180
1956 372 1966 179
1957 293 1967 291
1958 195 1968 329
1959 190 1969 215
1960 n. obs. 1970 m

1971 172

Note No observation for the maximum at BELET-UEN in 1953 and 1960.

The best fitting of a distribution curve to these data is an incomplete
Gamma l~w with the following parameters.

average 251 m3/s

shape 2,84

scale 45,3

location 122 m3/s

It may be noted that the flood peak for 1970 is close to that of an
average year whereas in 1971 the very moderate peak practically corresponds to
a weak 10-year occurrence.
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The discharge data for a given frequency obtained through this fitting
are given below :

bi-annual frequency

10-year frequency

20-year frequency

250 m3/s or 1,7 l/s.km2

350 rnJ/s or 2,4 l/s.km2

400 m3/s or 2,8 l/s.km2

The highest flood included in these data is 391 m3/s for 1961 and falls
in with the estimate for the 20-year return period. Suggesting a figure for a
longer return period would be very hazardous; let us only mention that the fit
ting of the incomplete normal curve gives approximately 500 m3/s for a 10U-year
frequency, but this figure is not entirely reliable owing to the importance of
the flood reduction process observed upstream from BURKUR.

9.6.2. Estimate of floods presenting an unusual frequency at GODE

We have already seen that the flood hydrograph at BURKUR was completely
abated by the flood plains.

The comparison of flood hydrographs observed at GODE and BURKUR show
that the peak discharges at BURKUR are not only linked to the maximal discharges
recorded at GODE, but also to the shape of the inflow hydrograph in the flood
plain and to the more or less high filling stage of these plains. We noted in
particular that the first floods of the year travelling in a comparatively empty
plain are far more reduced than the next floods.

In order to be able to use the series for 19 years at BURKUR, we set up
an exarnple of flow propagation between GODE and BURKUR using the equations of
travel-time of MUSKINGUM.

This equation is presented as follows

with Q21 discharge at the downstream station at time

QIl discharge at the upstream station at time

QIO discharge at the upstream station at time 0

Q20 discharge at the downstream station at time 0

CO' CI' C2 are coefficients to be fitted and which take into account the charac-
teristics of flow.

C =- K/t x - 0,5 CI = K/t x + 0,5 C2 = K/t ( l-x) - 0,50 Kit ( I-x) + 0,5 Kit ( I-x) + 0,5 Kit ( I-x) 0,5+
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K is the trave1 time

t is the interva1 during which discharge QIObecomes QI land discharge Q20

beco~s Q21' that is to say the time-interva1 separating moment 0

from moment 1.

x is a fitting parameter varying from 0 to 1/2 ~

In a first phase, an attempt was made at fitting the equation parame
ters through the hydrographs observed at GODE and BURKUR. The parameters used
are as follows

K = 12 days t = 5 days x = 0,2

which gives the fo110wing coefficients :

Co = 0,0082 C2 al 0,4050

The hydrograph computed at BURKUR is greater than the observation
hydrograph since the MUSKINGUM equations which take into account the assumption
of the conservation of f10w volumes do not take into consideration los ses in the
flood plains. Nonethe1ess, the connection between the two hydrographs is re1ative
1y good as may be seen on graph IX.S.

The relation between discharges at BURKUR for time interva1s computed
and observed for five day periods has a1ready been exandned. An average 1inear
equation 1ink : Q computed· 1,25 Q observed may be used.

This form of relation is plausible since it signifies that during a
flood period the average 10ss corresponds to 25 per cent between GODE and BURKUR
whereas on the annua1 gauge it is 20 per cent (par.5.5.)

In a second phase, the flood hydrographs, from the downstream part to
the upstream part, was reconstituted from the 19 years of BURKUR (obtained through
BELET-UEN) using the inverse equation of MUSKINGOM. The discharges of BURKUR were
converted beforehand using the equation 1inking computed and observed discharges.

This enab1ed reconstituting the flood hydrographs at GODE for 14 years
(from 1951 to 1966 except 1953 and 1960). The time interva1 of these hydrographs
is 5 days. In order to pass on from the discharges per five days to maximal
instantaneous discharges, the relation between the peak flood discharges and the
average discharges for 5 days was studied. The relation between these discharges
is shown on graph IX.9. The relation between the peak discharge and the five
days discharge decreases together with the importance of the flood. For f100ds
greater than 500 m)/s, the peak discharge is on the average 20 per cent greater
than the discharge for five days.
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Finally, the sample maximal annual discharges for 19 years (14 years
reconstituted and 5 observation years from 1967 to 1971) were obtained. Of course
the reconstitution method used for peak discharges does not allow expecting a
very accurate estimate of floods presenting an unusual frequency.

The values vary from 240 to 1 130 m3/s, the average being approximate
ly 530 m3/s.

The estimates given below are derived from the statistical study of
the sample and are anly valid at + 20 per cent for floods of 10 or 20-year occur
rence. Accuracy is slightly greater for the bi-annual flood.

- Bi-annual frequency flood

- 10-year frequency flood

- 20-year frequency flood

525 m3/s or 4,2

750 m3/s or 5,9

900 m3/s or 7

l/s.km2

l/a.km2

l/a.km2

9.6.3. Estimate of floods with an unusual frequency at the other
WABI SHEBELLE stations

An idea of the value of floods for a given frequency I!Iay be obtaincd
for the other stations of the l-lABI SHEBELLE through the flood estimates of COPE
and through the relations existing bet\veen the flood peaks at the other stM ions
from LEGE-RIDA to KELAFO (taken two by two for neighbouring stations).

The estimates are given below :

-------- -------- -------~------------
Peak discharges LEGE-HIDA HNlERO-HEDAJI un KFI,tlFO

in m3/s

20-year flood 1 350 1 'l'iO 1 050 !l ~)()

IO-year flood 1 100 1 ;J'in Q')O :\HO

Bi-annual flood 640 720 580 ]on
---

The speel fi c peak di scharges [or the IO-year occurrence flood regularly
decrease from the upstream part to the do\,'nstreatri part: 50 l/s.km2 for LEGE-RIDA
20 1/s.kU12 for HAMERO-HEDAD and 10 1/s.km2 for IMI.

9.7. FLOODS OF THE FAFEN BASIN

Intermittent runoff in this basin is already described in chapter 5.6.
The number and duration of runoff periods resulting from the floods are studied
in this same chapter.
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9.7.1.1. Origin and shape of floods

The JERER floods belong to the same type as the floods of the ERRER
and of the DAKETA and result from a very short localized rainy phase (maximum
three days). The flood hydrographs are not so sharp owing to the flood plains
delaying runoff.

The flood hydrograph is characterized as follows

- rising-time

- base-time

- subsurface runoff

from 2 to 3 hours

from 12 to 24 hours

discharge less than 1 m3/s for several days (approximately
3 or 7)

Floods occur between March and May for the first rainy season and in
October and November for the second rainy season. They are twice more numerous
during the first season; there should exist an average of 9 runoff periods for a
year, each corresponding to at least one flood.

9.7.1.2. Floods observed during the survey period

The following table surns up the floods observed exceeding or equal to
30 m3/s. When possible, this table presents for each flood the average rainfall
(P ) to which it is due and which corresponds to the arithmetic mean of the three
rafn-gauging stations of JIJIGA, KEBRI-BEYAH and DEGAHBOUR as well as the reduction
coefficient or ratio of the mean height to the maximum height observed at one of
these three stations.

The other symbols have already been used in this chapter (see. 9.1.3.)
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Flood characteristics Rainfall
K

Year Date of r

the flood Vr Hr Q max Q sp Max Q Pm Reduc. per
103 m3 mm m3/s l/s km2aver. Q mm coeff. cent

1968-1969 February 17 780 0.12 45.9 7. 1 5.1
April 3 537 0.08 48.8 7.5 7.8
May 30 2 833 0.44 185 28.6 5.6
October 26 864 0.13 132 20.4 13.2

1969-1970 February 23 861 O. 13 91.8 14.2 9.2 32.4 0.47 0.40
November Ist 372 0.06 32.9 5":T 7.6

1970-1971 March 2 858 0.13 37.8 5.8 3.8 20.5 0.68 0.63
March 15 854 0.13 39.6 6. 1 4.0 36.4 0.75 0.36
April 12 299 0.05 32.9 5. 1 9.5 14.3 0.83 0.35
April 18 2 312 0.36 33.7 5.2 1.3
April 30 821 0.13 60.2 9.3 6.3
May 2 617 0.10 3i"':"3 4.8 4.4

1971-1972 April Il 378 0.06 34.3 5.3 7.8 25.2 0.56 0.24
May 4 3 467 0.54 86.5 13.3 8. 1 31.3 0.50 1. 73
May 12 540 0.08 5"'T:2 --a:a 9.1 9.9 0.54 0.81
June 16 320 0.05 31.7 4.9 8.6 19.4 0.53 0.26
October 3 128 0.02 33.8 5.2 22.8 18.2 0.59 O. Il

The comparison of these data with those of the DAKETA (see : 9.4.2)
shows that the specifie flood discharges are far less important. This is also
true for the runoff coefficients presenting far lower values than those of the
DAKETA. This is due to a less abundant rainfall and especially to the alluvial
plains which hold back a large quantity of water from the tributaries. The basin
of the FAFEN distinctly shows arid features and a local endhoreism.

9.7.1.3. Flood estimate

The estimates obtained through observations of daily rainfall at JIJIG~

station allows roughly evaluating the characteristics of bi-annual and 10-year
occurence floods. The values resulting from the statistical survey of daily rain
fall at JIJIGA must be recalled

Bi-annual rainfall

10-year rainfall

51,2 mm

84,5 mm



- 315 -

The preceding observations allow estimating the characteristic parame
ters of bi-annual and 10-year floods, i.e :

Flood characteristics Rainfall
Kr

Flood Vr Hr Q max Q sp Q max Pm Reduction per

103 m3 mm m3/s 1/s .km2 aver Q mm -coeff. cent

bi-annual 1 450 0.23 85 13 10 28.2 0.55 0.80

decennial 2 970 0.46 222 34 13 46.5 0.55 \.0

9.7.2. The FAFEN floods at KEBRI-DAHAR

9.7.2.1. Origin and shape of floods.

After the confluence with the JERER in the BIRCOT region, the alluvial
plain of the FAFEN spreads out considerably. Floods are reduced in the channel
and the floods of the tributaries do not directly meet the FAFEN but flow in
the alluvial plain. The flood hydrographs of the FAFEN at KEBRI-DAHAR therefore
present relatively weak shapes and are separated by periods of uninterrupted
runoff with a weak or inexistent discharge. Consequently, the number of runoff
periods is smaller than at DEGAHBOUR (averaging 6 instead of nine yearly) but
these periods are longer (an average of 10 to 20 days). They seem to be equally
distributed in the two rainy seasons.

9.7.2.2. Floods observed during the survey period

The maximum instantaneous discharge abserved during the two rainy
seasons is presented in the table below.This maximum discharge is slightly less
than the effective instantaneous discharge (since the station is only equipped
with a flood gauge for observations twice a day) but considering the relatively
weak shapes of the hydrographs, the underrating 40es probably not exceed 20 per
cent.
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1st rainy season Second rainy season

Year Q sp Q max Q spmax DateDate m3/s l/s km2 m3/s l/s km2

1968-1969 30-10 10.0 0.39

1969-1970 8-5 64.5 2.52 3- Il 28.3 1. II

1970-1971 12-5 37.3 1.46 28-10 17.5 0.68

1971-1972 8-5 32.3 1.26 15-10 15.2 0.59

The specifie flood discharges are very weak and for a same drainage
area are far sma11er than those of the most arid type of tributaries of the
WABI SHEBELLE.

9.7.2.3. Flood estimate

An examination of the dai1y rainfa11 observations at DEGAHOUR and
KEBRI-DAHAR shows that the f100ds of the FAFEN at KEBRI-DAHAR cannot be 1inked
to the rainfa11 recorded at both these stations. The f100ds are due to local rain
storms occurring between the two stations.

As no informations on rainfa11 are avai1ab1e for this sector, it is
therefore difficu1t to estimate f100ds with a bi-annua1 or 10-year frequency.

Upon presentation of the resu1ts achieved for the three and a ha1f
observation years, the fo11owing figures may be put forth, i.e

For the bi-annua1 flood

For the 10-year flood

40 m3/s or 1,6 l/s.km2

80 m3/s or 3,1 l/s.km2

These figures must be used carefu11y since they may be considerab1y
underrated. As a matter of fact, the rainy phases occurring near KEBRI-DAHAR are
1ike1y to produce flash f100ds which, for want of time, cannot be reduced and
may present peak discharges simi1ar to those of the JERER. A few other observation
years are necessary to inva1idate or confirm this assumption.
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CHAPTER X

SURVEY OF SEDIMENT TRANSPORTATION

The sediment transportation of a river is either a suspended load or
a bed load, depending on how eediments are transported. The suspended load presents
finer particles such as fine sand, silt and clay, whereas the bed load presents
coarser particles such as coarse sand, gravel and pebbles. Both types of material
contribute to sedimentation of reservoirs. The total sediment transportation is
mainly represented by suspended load.

The erosionfactors of the basin conditionning the amount of material
transported by rivers are the rainfall conditions, the climate, the physical
features of the basin (geology, pedology, relief) and the density of the vegetative
cover.

10.1. MEASUREMENT CONTRIVANCE

Water was sampled at various stations on the WABI-SHEBELLE and on the
FAFEN in order to determine the turbidity of water. These stations were selected
mainly with respect to the development project of the basin. In this end, measu
rements were made at the following stations :

- WABI SHEBELLE at MALKA-WAKANA -

This station controIs the inflows at the site of the electric dam
project -

- WABI-SHEBELLE and DAKETA at HAMERO-HEDAD -

These two stations control most of the project site at the entrance of
the lower valley -

- WABI-SHEBELLE at GODE -

This station controls the sediment discharge in the lower valley. The
results are use fuI for irrigation development plans -

- WABI SHEBELLE at BURKUR -

This station enables determining the sediment discharge at the border
after the decantation of the WABI SHEBELLE water in the flood plains located
between KELAFO and MUSTAHIL -
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- FAFEN at KEBRI-DAHAR -

This station controls the sediment transportation of the FAFEN before
it flows into the water-spreading plains.

In order to be accurate turbidity measurements must be made in the
streamïflow from the surface to the bottom. But this requires heavy equipment
which may not be easily used especially in rivers presenting a swift current.
Turbidity may be estimated approximately, though easily, by sampling at the
surface. This has been done for the WABI SHEBELLE and FAFEN.

Some complete measurements were carried out at the beginning in order
to know the distribution of suspended load in the reach, then measurements were
made at reference points near the surface (generally from 1 to 3 samples for
each measurement). The la litres samples were flocculated with hydrochloric
acid then decanted. The resulting solution was then analysed by the Project
Laboratory at ADDIS-ABABA.

10.2. RESULTS OF MEASUREMENTS AND INTERPRETATION

Anne~III presents in tables la. 1 to la. 6 aIl the results of the
measurements made at the six stations of the WABI SHEBELLE and of the FAFEN.

The data for water discharges given in these tables correspond to the
depth of flow at the time of sampling but are not alway equal to the mean daily
discharges.

When several samples are used for a same measurement, the turbidity
in g/m3 is the arithmetic mean of the turbidities of each sample. The sediment
discharge in kg/s is obtained by multiplying the mean turbidity by the discharge.

10.2.1. Turbidity of the WABI SHEBELLE at MALKA-WAKANA

Sixty-one measurements of sediment transportation were made from the
27th of September 1968 to the 28th of September 1969 for discharges ranging from
5,9 to 130 m3/s. The results of these measurements are presented in table 10.1
of the annexe.It may be noted that turbidity varies from 20 to 305 g/m3.

Graph X. 1 gives the values of sediment transportation in kg/s related
to the water discharge in m3/s. The relation between water discharge and sediment
transportation is suitable. This relation is due to the fact that the floods
issuing from the high volcanic mountains are considerably reduced in the GUEDEB
plain.

The load of transported sediments has been computed for each month of
the observation period using the curve of the graph.
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The resu1ts are as fo110ws, i.e

Suspended 10ad (tons)

tear1y
Year F M A M J J A S 0 N D J otal.

1968-1969 2 050 3 530 34 830 7 700 2 950 Il 550 32 300 8 950 3 840 1 030 550 980 110 000

1969-1970 2 530 8 170 2 580 3 750 920 16 000 50 300 15 940 1 690 590 440 820 104 000

1970-1971 400 6 190 5 140 2 090 550 4 580 68 900 29 200 5 880 1 160 380 450 125 000

1971-1972 370 450 1 610 3 630 4 150 1 720 53 900 16 180 20100 1 400 690 400 105 000

The suspended 10ad scarce1y varies from one year to the next. The mean
annua1 10ad computed for four years is 110 000 tons. This will be considered as
va1id for an average year, hence, the mean annua1 erosion corresponds to 21 tons
per km2.

Considering that the mean density of earth is 1,6 tons/m3, the annua1
volume of transported sediment is 68 800 m3.

10.2.2. Turbidity of the WABI SHEBELLE at RAMERO-REDAn

One hundred and seventeen measurements of sediment transportation
were made from the 20th of Ju1y 1968 to the 28th of September 1971 for discharges
(water) 'ranging from 19,8 to 606 m3/s. Most of these measurements were carried out
during the high-f10w gauging campaigns. The resu1ts of these measurements are
presented in table 10.2 (annex). It may be noted that turbidities vary considerab1y
the minimum being 14,3 g/m3 and the maximum 38 kg/m3.

These resu1ts show that there is no we11 determined relation between
sediment transportation and water discharge. For a same discharge the amount of
sediments is usua11y greater during the flood rising than during the recession
period. Besides, the amount of sediments a1so depends on the period of the year
and on the origin of f100ds. The f100ds of the first rainy season are genera1ly
more turbid than the f100ds of the second season. The f100ds coming from the high
basa1t p1ateaus transport a sma11er amount of sediment than f100ds formed on
1imestone series.

From these measurements different series of stage discharge relations
were estab1ished according to the period of the year,'to the origin of the f100ds
and to the moment of sampling (flood-rising or recession). These relations allowed
estimating the suspended 10ad transported during the ~onths for which measurements
are avai1ab1e. The resu1ts are given be10w :
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Suspended load in thousands of tons

Year F M A M J J A S 0 N 1 D J
1

1969-1970 175 750 285 37 1

1970-1971 (200) 4 400 2 000 540 50 250 3 200 1 200 370 (100)

1971-1972 1 260 930

Graph X. 2 gives the values of monthly suspended load related to the
mean monthly discharge. Two different relations are observed : a relation corres
ponding to the months of the first rainy season which produces the most turbid
floods, and another for the second season.

These relations are relatively loose but allow estimating the suspen
ded load for the months lacking measurements of sediment transportation but with
a known average rate of flow.

The values of annual suspended load obtained through these relations
are as follows

Year 1968 - 1969 20 600 000 tons or 320 tons/year/km2

Year 1969 - 1970 12 600 000 tons or 196 tons/year/km2

Year 1970 - 1971 12 600 000 tons or 196 tons/year/km2

Year 1971 - 1972 5 900 000 tons or 92 tons/year/km2

If these values are related to the mean annual discharge, a linear
relation may be observed.

The mean annual discharge being 86 m3/s, the mean annual suspended load
is then approximately 8 million tons or 124 tons per km2. Supposing the density
is 1,6 ton per m3, the annual volume of sediment discharge corresponds to 5 million
m3.

10.2.3. Turbidity of the DAKETA at HAMERO-HEDAD

Thirty one measurements of sediment transportation were carried out
from the 25th of September 1971 to the Iith of May 1971 for rates of flow ranging
from 0,5 to 430 m3/s. The results of these measurements are given in table 10.3
in the annexe and show that turbidity is always considerable except for very low
rates of flow (less than 1 m3/s) which usually correspond to the subsurface flow
resulting from the drying-up of soils after flooding. The maximum turbidity obser
ved is 61,3 kg/m3 for an instantaneous discharge of 210 m3/s. When flash floods
occur, turbidity certainly exceeds 100 kg/m3.

The too small number of measurements does not allow estimating with
enough accuracy the annual suspended load since the relations between sediment
transportation and water discharge vary and depend on the shape and origin of
floods. For three flood periods the average relations between sediment transporta
tion and water discharge were calculated from the results of measurements, and
thus the load of transported sediments during these floods were obtained. The
results achieved for these three floods are as follows, i. e :
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- Flood of 25th to 27th of September 1970 (simple flood)

Volume of runoff II millions m3

Suspended load 375 000 tons

- Flood of 17th to 23rd of October 1970 (compound flood)

~olume of runoff 33 millions m3

Suspended load 1 600 000 tons

- Flood of 3rd to 8th of May 1"971 (compound flood)

Volume of runoff 33 millions m3

Suspended load 1 600 000 tons

- Flood of 3rd to 8th of Mai 1971 (compound flood)

Volume of runoff 45 millions m3

Suspended load 1 000 000 tons

The amount of transported sediments largely varies for a same volume
of runoff. The average relation corresponds to a suspended load of 35 000 tons
per million m3 of runoff. This relation applied to the annual runoff volume gives
the following results.

Year 1970 - 1971

Year 1971 - 1972

6,7 million tons or 472 ton/km2

3,4 million tons or 239 ton/km2

These figures are relative and only give an approximate value of the
amount of sediments transported by the DAKETA.

The mean annual suspended load should be approximately 5 million tons
or 350 ton/km2, that is to say practically the same as the suspended load of the
WABl SHEBELLE upstream from RAMERO-HEDAD.

10.2.4. Turbidity of the WABl SHEBELLE at GODE

Two hundred and twenty one measurements of sediment transportation were
made from the 6th of September 1968 to the 4th of June 1971 for discharges ranging
from 4 to 598 m3/s. The results of these measurements are given in table 10.4.
(annexe). The minimum turbidity measured is 10 mg/l and the maximum turbidity is
71 kg/m3.

For the same reasons as at the RAMERO-HEDAD station, turbidity is very
variable and no relation exists between sediment transportation and water discharge

The ~asureMents allowed establishing a whole series of sediMent
transportation 1 water-discharge relations depending on the periods. These relations
enabled (as for RAMERO-HEDAD) evaluating the suspended load during the months when
these measurements were carried out. The results are given below :
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Suspended load (in thousands of tons)
Year

F M A M J J A S 0 N D J An.Tot.

1968-1969 541 373

1969-1970 282 1 925 430 4 950 52 222 1 050 582 240 960 7 234 10 700

1970-1971 510 4 980 3 950 2 830 162 67 2 750 1 600 2 500 304 2 1 19 900

1971-1972 2 31 1 700 3 440

On graph X. 4 the data for monthly suspended load are given :n relation
to the mean monthly water discharge.The points represent two relations) the first
corresponding to the months of the first rainy season (from February to June) and
to the late floods of OGADEN (October and November). These months produce the most
turbid floods. The second relation corresponds to the months of the second rainy
season on the high plateaus (July, August and September). During these three months,
the amount of suspended load is far less for equal discharges.

These two curves allow estimating the suspended load for aIl the monthly
discharges observed. The values in annual weights of transported sediments are as
follows, i. e :

1968 - 1969 29 000 000 tons or 228 ton/km2 .

1969 - 1970 la 700 000 tons or 84 ton/km2.

1970 - 1971 19 900 000 tons or 156 ton/km2.

1971 - 1972 la 500 000 tons or 82 ton/km2.

If these values are related to the mean annual discharge, a certain
link may be observed (graph X. 3), but unlike RAMERO-HEDAD, the link is not linear.
The gradient of sediment transportation increases together with the mean annual
discharge. This is due to the very considerable sediment transportation observed
in the intermediate basin between RAMERO-HEDAn and GODE and especially for the
DAKETA. Consequently, the mean suspended load is certainly greater than the sus
pended load corresponding to the mean annual discharge; the latter being appro
ximately la million tons, an average load of 15 million tons or 118 ton/km2 is
very likely and the annual volume of transported soil is probably about 9,4
million m3.

10.2.5. Turbidity of the WAal SHEBELLE at BURKUR

Eight measurements of sediment discharges were made during the rising
of the flood of August-September 1970 for discharges ranging from 18,6 to 243 m3/s.
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The results of these measurements are given in table 10.5 (annexe).
Though these measurements do not allow estimating the mean annual sediment trans
portation, they give an idea of the role played by the flood plains located bet
ween KELAFO and MUSTAHlL as regards the decantation of water. The maximum measured
turbidity is 400 g/m3 at the beginning of the flood rising. lt then falls very
quickly and is only 40 g/m3 for the flood maximum.

During the same period at GODE, turbidity is 3 to 5 kg/m3. lt is there
fore obvious that over 95 per cent of the sediments transported by the WABl
SHEBELLE at GODE are deposited in the flood plains. The travel-timeof runoff between
GODE and BURKUR during the flood period averages 13 days which represents a very
small velocity of 18 cm/s; the velocity in the flood plains from KELAFO to MUSTAHlL
is still less.

Only the local floods formed between MUSTAHlL and BURKUR bring a consi
derable amount of turbidities bu~owing to the weakness of inflows, they contribute
in a small proportion only to the total annual quantity of sediment transportation.

These observations being taken into account, the suspended load should
not exceed 750 000 tons for an average year.

10.2.6. Turbidity of the FAFEN at KEBRl-DAHAR

Thirty-two turbidity measurements were carried out in October 1970 and
May 1971. The results are given in table 10.6 (annex). Turbidity is always consi
derable and exceeds 40 kg/m3 for discharges greater than 1 m3/s and the maximum
measured turbidity is 170 kg/m3.

Graph X. 5 gives the values of sediment transportation in kg/s in
relation to the water discharge in m3/s, and a curve has been plQtted.

This graph enabled computing the suspended load for each month of the
observation periode The results are given below :

Year Suspended load (in thousands of tons)

F M A M J J A S 0 N D J n. toto

969-1970 0 28 1 224 0 0 0 0 0 56 28~ 0 0 1 592

970-1971 0 474 1 240 1067 10 0 0 76 516 9 0 0 3 340

971-1972 0 0 280 998 168 9 0 62 496 31 0 0 2 040

Taking these results into account, the mean annual sediment load is
approximately 2 500 000 tons which corresponds to a mean annual erosion of
98 ton/km2. The annual volume of transported sediments is ] 600 000 m3.
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10.3 ESTlMATE OF SEDIMENT DISCHARGE AT THE ENTRANCE OF THE LOWER VALLEY.

10.3.1. Suspended load for an average year

The sediments transported to the dam site at the entrance of the
lower valley may be estimated from the results achieved for the WABI SHEBELLE
and for the DAKETA at HAMERO - HEDAn.

We have already seen that the suspended load of the WABI SHEBELLE
and of the DAKETA is respectively 8 million tons yearly and 5 million tons yearly

The intermediate basin of 2 600 km2 is not controlled by these two
stations sinc~ the dam is to be located downstream from the DAKETA tributary, in
the hemmed-in area above IMI. This basin belongs to te same type as the basin of
the DAKETA and presents a similar annual erosion of 350 ton/km2. This figure
represents an annual suspended load of 900 000 tons for this basin.

Finally, the suspended load at the dam-site for an average year is
probably approximately 14 million tons yearly or about 9 million m3/yearly, if
we consider that the sediment density is 1,6.

10.3.2. Estimate of total sediment transportation at the damïsite

To the suspended load must also be added the bed-load which increases
upstream from the dam and will largely contribute to the silting-up of the reser
voir.

No well-defined methodology exists for a direct measuring of this
type of sediment supply to large basins. Only a subsequent study of the filling
in of reservoirs located at the outlet of drainage basins presenting similar
relief, geological and climatic conditions, allow estimating the bed-load trans
port.

In his work "Silting up of reservoirs" published in 1953, KHOSLA
studies the sediment supply measured in 146 dams throughout the world. This study
shows that the quantity of material deposited in the reservoirs largely varies
according to the types of basins but that for arid basins. it is always appro
ximately the same and averages 360 m3/km2 yearly. This figure was determined
through the survey of la basins of variable sizes and generally located in the
U.S.A. or Africa.

This figure applied to the basin of the WABI SHEBELLE leads to a total
annual sediment transportation at the dam site of 29 million m3. This value seems
very high if one considers that the high volcanic plateaus of the upper basin
which cover approximately 20 per cent of the basin upstream from this site do not
present a torrential flow of subarid type. In fact, it has already been seen that
the suspended load at MALKA-WAKANA is very moderate. This value nevertheless gives
an idea of the total annual volume of sediment transportation (suspended load and
bed load).

A sediment volume of approximately 20 million m3 yearly is a very
likely figure.
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CHAPTER XI

CHEMICAL ANALYSIS OF THE WABI SHEBELLE WATER

Water samp1es ana1ysed at the Project 1aboratory at ADDIS-ABABA and
at O.R.S.T.O.M. in PARIS enab1ed determining the chemica1 composition of the
WABI SHEBELLE water for severa1 stations of the basin.

The resu1ts of these analyses are given in table 11. 1 (anne~. The
1argest number of samp1es were made at the stations of MALKA-WAKANA, RAMERO-REDAD
GODE and KELAFO. Some samp1es were taken during the 10w f10w period at the rHI
and BURKUR stations.

A first examination of this table shows an essentia1 difference in the
chemica1 composition between water at MALKA-WAKANA and water in the midd1e and
10wer valley from RAMERO to BURKUR, since water f1qwing over vo1canic soi1s is
far 1ess saline than water f10wing on 1imestone and gypsum soi1s.

11.1 CHEMICAL ANALYSIS OF TRE WABI SHEBELLE WATER AT MALKA-WAKANA

The ten samp1es taken for discharges ranging from 123 to 4,62 m3/s
show the evo1ution of the chemica1 composition of water with the f10w period.

a) Global sa1inity

The global sa1inity is termed in conductivity in mi11imhos/cm -1.

During the rainy season the water of the WABI SHEBELLE most1y consists
of over1and f10w.Conductivity is then very 10w and regu1ar and corresponds appro
ximate1y to 0.,075 millimhos/cm -1 or an average salinity of water of 50 mg/l.

During the minimum f10w period for discharges 1ess than 20 m3/s, the
water of the WABI SHEBELLE is main1y due to the emptying of ground water tables,
and since the contact of water with the soi1 of thé basin 1asts longer, this
water is more minera1ized. The conductivity increases in proportion as the dis
charge decreases. The maximum conductivity observed for a discharge of 4,6 m3/s
is approximate1y 0,23 mmhos/cm -1 which corresponds to a global sa1inity of
170 mg/l.

b) Ionie content

Water presents a ca1cic bicarbonated chemica1 facies. The content of
Cl and S04 is 1ess than 0,1 mi11iequiva1ent/1, hence it is very weak. The relati
ve contents of cations are distributed as fo110ws :

Ca>Na>Mg>K with Ca + Mg>Na + K.
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11.2 CHEMICAL ANALYSIS OF THE WABI SHEBELLE WATER IN THE MIDDLE VALLEY AND IN
THE LOWER VALLEY

The samp1es taken at the stations of RAMERO-HEDAn, IMI, GODE, KELAFO
and BURKUR show the evo1ution of the salt content and distribution in the midd1e
and 10wer valley. Chemica1 ana1ysis revea1s the preponderating influence on the
ionic composition of water of the very soluble 1imestone and gypsum soi1s.

a) Global sa1inity

The conductivities observed are far greater than the conductivities
of the MALKA-WAKANA water and increase noticeab1y from the upstream part to the
downstream part.

During the high f10w period the mean conductivities are as follows,
i, e

at RAME RO-HEDAn 0,38 mmhos/cm -1 or a salinity of 280 mg/l.

at GODE 0,45 mmhos/cm -1 or a salinity of 320 mg/l.

at KELAFO 0,45 mmhos/r:.m -1 or a salinity of 320 mg/L

Cl Downstream from IMI, local f100ds spreading on gypsum soi1s may produce
far greater conductivities. The duration of these f100ds is usua11y short but must
neverthe1ess be taken into account for irrigation plans. The maximum conductivity
observed at GODE at the end of October 1970 is 1,98 mmhos/cm -1 or an average
sa1inity of 1 420 mg/l, which signifies that the salt load of the local flood
water is far greater than this global figure.

For minimum f10w periods and for discharges 1ess than 30 m3/s, the
sa1inity progressive1y increases together with the decreasing discharge.

The maximum conductivities ohserved at the sta~ions during the same
period are as fo110ws, i. e

at IMI

at GODE

at KELAFO

at BURKUR

0,72 mmhos/cm -1 or a sa1inity of 520 mg/1.

0,78 mmhos/cm -1 or a sa1inity of 560 mg/1.

0,78 mmhos/cm -1 or a sa1inity of 560 mg/1.

0,91 mmhos/cm -1 or a sa1inity of 650 mg/1.

It may he noted that during the minimum f10w period sa1inity increases
very noticeab1y from the upstream part to the downstream part. This may be 1inked
to the reduction of the low water discharge through evapotranspiration. The inter
actions with the alluvial water table a1so play a ro1e*. The latter presents a
global sa1inity varying from 1,5 to 3,8 g/l between GODE and MUSTAHIL, which is
three to six times more than the sa1inity of the river.

* Information provided by another Project report
OGADEN" •

"Hydrogeo10gica1 survey of
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b) Ionie contents

Water presents different chemica1 facies in relation to the period of
the year.

During the months of high f10w when runoff main1y occurs on the upper
basin, water is ca1cic bicarbonated. The su1phate and ch10rine contents are
neverthe1ess re1ative1y high (approximate1y 2 meq/1 for S04-- and 0,40 meq/1
for C1-). The relative contents in anions and cations are distributed as fo110ws:

C03>S04>C1 and Ca>Mg>Na>K.

During the flood periods in OGADEN and the m1n1mum f10w periods (for
discharges 1ess than 30 m3/s) , water becomes ca1cic su1phated. The su1phate and
ch10rine contents are far greater (from 3 to 5 meq/1 for S04- and from 0,70 to
1,65 meq/1 for C1-). The relative contents in anions and cations are distributed
as fo110ws :

S04> C03> Cl and Ca>Mg>Na>K. The Na and Mg contents a1so increase
(from 1 to 2 meq/1 for Na and from 2 to 3 meq/1 for Mg).

These considerab1y high contents of su1phate and ch10rine revea1 the
influence of gypsum soi1s on the chemica1 qua1ity of water.

The water of the alluvial ground water table of the 10wer valley is
a1so a sodic su1phated water with the fo110wing distribution :
,S04>C1>C03> and Na>Ca;>Mg. The influence of the local ground water table is
therefore apparent in the process of the rising of contents main1y for su1phates
and ch10rides. One must remind that the alluvial water table is contaminated by
the water table of the subjacent main gypsum formation (sa1inity : 40 g/l at the
GODE well). **

** The content in mi11iequiva1ent/1itre : meq/1 - is equa1 to the content in
milligrams per litre divided by the quotient of the atomic mass of the e1ement
by i ts va1ency.
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AVERAGE DAILY DISCHARGES



STATION ETHIOPIA, WABI SHEBELlE ~ABI 5HEBELLE BRIDGE RaAD OF OOOOLA

NUMeER : 1328010S

~VEPAGE DAILY OISCHAPGES 1967-1968 (M3JS)

FEBR' MARC APR 1 MAY JUNE JUL y AUGU SEPT ' DCTO NOVE OECE JANU'

1 1.24 1.10 1 • e1 1.~2 1.52 4.51 4.47 25.9 15.6 2.26 5.61 1.52
2 1.24 1.10 1.88 1.45 1.31 6.27 4.38 20.5 22.6 3.00 4.77 1.52
3 1.24 1.24 1.59 2.50 1.24 5.50 9.32 28.2 41.0 3.63 4.09 1.52
4 1.24 1.24 1.38 2.67 1.24 4.78 9 .. 51 27.5 11.2 2.83 3.71 1.52
5 1.38 1.24 1.31 -4.09 1.52 5.08 6.61 32.4 73.6 2.59 3.35 1.52

6 1.52 1.24 1.38 ~. CCi 1.88 5.0e 5.49 26.2 66.5 2.26 3.09 1.38
7 1.66 1.24 1.31 2.84 1.66 10.0 7.10 26.2 81.9 2.03 2.83 1.38
8 1.66 1.24 1.17 2.50 1.66 Q.01 17.6 26.2 75.3 1.96 2.58 1.38
9 1.96 1.24 1.10 2.19 1.81 14. 7 10.3 34.4 34.1 2.34 2.42 1.38

10 1.81 1.10 2.30 2.03 2.04 18.7 24. O' 24.0 ?3.5 4.38 2.26 1.38

Il 1.81 1.10 2.92 2.34 1.45 30.0 16.6 16.4 17.7 6.16 2.19 1.38
12 1.81 1.10 2.35 4.47 1.38 9.13 17.2 26.6 27.0 7.19 2.60 1.38
13 1.24 1.10 3.53 ~.O 1 1.66 8.26 36.3 22.0 12.3 12.3 2.11 1.38
14 1.24 1.24 2.75 2.19 2.27 13.4 10.0 30.2 8.63 16.3 1.96 1.38
15 1.24 1.24 3.54 1.88 1.59 11 • <; 18.3 12.9 7.31 26.8 1.96 1.38

16 1.24 1.24 2.11 2.26 1.38 7.90 2 r;. 0 37.2 7.31 44.7 1.96 1.38
17 1.24 1.38 1.73 2.34 1.52 6.38 21.1 44.5 6.96 32.2 1.81 1.38
18 1.24 1.38 1.52 2.43 1;45 6.84 23.3 17.7 6.73 19.8 1.81 1.38
19 1.24 1.24 1.52 ,2.42 1.45 20.7 24.1 17.7 5.08 26.5 1.81 1.38
20 1.10 1.24 1.45 2.51 1.52 20.1 33.0 23.3 4.57 32.5 1.66 1.38

21 1.10 1.10 1 .45 1.96 1.59 26.5 26.6 18.5 3.99 22.0 1.66 1.38
22 1.24 1.10 1.88 1.59 2.67 i 9.5 30.9 20.6 3.27 45.5 1.66 1.38
23 1.24 1.10 2.92 1.45 2.03 15.2 23.0 21.3 2.83- 25.8 1.66 1.38
24 1.10 1.10 2.03 1.45 1.96 7.4:: 29.1 28.8 2.58 16.1 1.66 1.38
25 1.10 1.10 2.03 1.38 2.34 5.39 18.2 20.1 2.67 38.? 1.66 1.38

26 1.10 1.10 1.<16 1.3'1 1.96 4.38 23.0 22.5 3.00 21.5 1.66 1.38
27 1.10 1.24 2.03 1.38 2.04 J.9C 17.0 18.9 4.60 29.4 1.66 1.38
28 1.10 1.24 1.59 1.S1 3.g1 3.53 22.3 14.4 4.39 16.8 1.66 1.24
29 1.38 1 .38 4.35 4.19 3.35 2.2.7 46.1 2.67 8.26 1.66 1.24
30 1.66 1 .31 4.89 3.00 4.0<; 18.1 26.6 2.42 7.07 \.66 1.38
31 1.81 1. C; 6 4.87 15.3 2.42 1.52 1.38

AVE 1.34 1.23 1.91 2.46 1.91 1'0.2 18.4 24.6 21.0 16.1 2.34 1.39

MEAN ~NNUAL OlSCHARGE 8.60 M3/S



STATION: ETHIOPIA WABl SHEBEllE ~ABI SHEBEllE BRIDGE ROAD Cf DGDOLA

Nu~eER : 13280108

~VERAGE DAIlY DISCHARGES 1968-1969 (M3/SJ

FEeR }1ARC APR 1 MAY JUNE JUl y AUGU SEPT OCTO NOVE OECe JANU

1 1.66 6.24 1.38 31.3 28.0 5.39 4.98 8.32 ·21.1 1.96 . 1.52 3.00
2 1.81 7.08 2.42 11.5 7.07 7.08 4~09 17.0 25.5 1.81 1.66 3.71
3 1.73 3.90 1.96 15.S 9 •. 00 6.61 4.7C 13.9 15.4 1.81 1.52 2.-84
4 1.74 2.83 3.09 27.8 28.0 6.72 8.14 5.S7 17.5 1.81 1.52 1.96

.5 1.96 1.95 5.49 S.50 29.2 6.96 13.5 4.68 18.5 1.66 2.26 3.29

6 2.04 2.75 6.27 é.84 22.0 9.25 11.6 4.38 19.3 1.66 2.26 3.44·
7 2.50 2.58 9.38 6.04 9.26 12.7 15.9 8.26 15.6 1.66 1.66 2.50
8 3.71 2.34 22.6 5.82 6.50 13.0 Il.5 1e.8 11.6 1.66 1.52 2.92
9 3.00 1.96 17.9 5.60 4.87 7.54 Il.7 7.32 7.79 1.66 1.52 1.96

10, 3.92 26.8 16.0 5.C8 5.<j3 5.72 12.1 8.15 6.38 1.66 1.52 1.96

Il 3.36 7.46 21.4 ~.40 5.60 4.87 23.1 5.S5 5.39 1.66 1.52 3.05
12 2.26 4.87 8.77 29.0 4.68 4.88 20.5 7. 31 4.47 1.66 1.96 3.44
13 2.03 3.72 2~.8 8.88 3.81 4.0S 17.9 23.7 4.18 1.52 1.66 3.27
14 2.50 2.92 40.0 14.7 3.53 3.90 18.8 48.7 4.28 1.52 1.66 3.63
15 1.88 2.19 27.3 14.5 3.91 4.68 15.0 32.3 3.62 1.52 1.66 3.76

16 1.73 1.96 27.0 22.3 3.53 8.02 10.6 26.0 3.18 1.66 1.52 5.36
17 1.66 1.81 26.8 8.51 3.54 7.42 10.6 29.3 2.92 1.66 1.52 4.59
18 1.81 1.66 15.8 t.50 3.81 10.3 14.0 27.1 2.75 1.81 1.38 3.18
19 2.26 1.59 20.1 t.38 4.2A 5.4'7 12.0 27.2 2.67 1.81 1.38 3.46
20 2.75 1.52 50.9 5.93 5.32 4.77 17.0 18.9 2.58 1.96 1.38 2.26

21 2.26 1.52 29.5 5.39 6.C5 4.79 13.7 14.1 2.58 2.11 1.38 2.11
22 2.50 1.52 21.2 3.90 5.82 7.19 10.9 13.1 3.19 3.09 1.38 1.96
23 3.95 2.05 10.1 3.62 6.27 9.63 7.42 11.3 ..2.67 3.48 1.38 2.11
24 4.57 2.42 15.3 3.26 5.18 11.4 5.93 11.1 2.50 3.83 1.38 1.81
25 4.47 2.27 18.9 3.44 4.28 4.87 é.16 11.7 2.26 2.1g 1.38 1.81

26 3.44 1.81 15.4 3.99 12.1 4.0S 15.4 25.0 2.26 1.96 1.38 2.26
27 2.83 ... 1.66 19.0 3.90 9.25 23.2 19.2 20.1 2.26 1.81 1.38 4.15
28 2.75 1.66 24.5 3.00 6.85 Il.1 12.6 26.8 2.11 1.73 1.52 8.63
29 3.l:3 1.73 24.3 2.58 5.08 9.63 ·7.7'1 2'1.5 2.67 1.66 2.11 5.93
30 1.66 13.8 2.50 4.87 8.75 5.72 21.4 2.84 1.52 2.11 5.95
31 1.59 7.19 q.25 5.29 2.19 2.92 3.35

AVE 2.65 3.49 18.1 <;.36 8.59 7.'85 11.8 1'7.3 7.17 1.92 1.64 3.34

MEAN ~NNUAL DlSCHARGE 7.75 M3/S



5TtoTION : ETHIOPIA WABI 5HEBELLE WABI SHEBEllE BRIDGE ROAD OF DODOLA

NUMBER : 13280108

tVERAGE OAILY OISCHARGES 1969~lS70 (M3/S)

FEER M.APC APR 1 MAY JUNE JUl y AUGU SE PT ocra NOVE OECE JANU

1 ·2.83 8.75 3.26 11.5 3.44 5.18 15.9 12·.5 7.79 1.88 1.66 1.38
2 2.50 5.84 3.45 8.63 3.27 6.0t 35.3 Il.9 5.60 3.65 1.66 1.38
3 2.75 3.90 2.50 H.2 4.09 6.05 37.0 8.88 4.77 2.26 1.66 1.38
4 2.03 4.18 3.35 7. aa 4.77 't.77 31.0 13.3 4.57 2.11 1.66 1.38
5 1.88 3.81 4.40 4.ea 4.87 5.82 24.6 14.8 5.2 <; 1.B1 1.52 1.38

6 1.81 4.48 8.56 ;.~2 4.98 12.0 28.6 10.3 5.61 1.81 1.52 1.38
7 1.66 4.68 8.t3 3.35 3.Q9 9.76 21.8 16.7 5•.49 1.66 1.52 1.38
8 1.52 6.61 9.50 ~.27 7.71 9.6: 22.2 16.8 4.87 1.66 1.38 1.38
<; 1.52 6.73 6.16 5.60 7.45 11.5 23.7 34.0 4.88 1.66 1.52 f.38

la 1.52 10.7· 4.99 16.1 3.~O g.15 3C.6 27.3 4.77 1.59 1.52 1.38

11 1. ~ 2 8.76 3.26 14.9 4.09 16.7 24.2 38.7 4.00 1.52 1.38 1.38
12 1.66 9.63 3.18 5.95 3.27 9.54 31.1 30.8 3.09 1.52 1.38 1.38
13 1.59 8.39 2.50 3.81 2.59 '5.93 22.9 24.6 2.92 1.52 1.38 1.66
14 1.66 t.27 -2.19 ~ .09 2.26 7.q2 22.9 3<;.6 3.26 1.52 1.38 2.75
15 2.42 5.82 1.96 2.58 2.1'-1 23.f: 13.4 22.9 2.92 1.52 1.38 2.93

16 2~76 8.28 1.S6 2.42 2.11 17.9 14.8 14.2 2.34 1.52 1.3'8 1.88
17 10.3 4.t18 1.81 2.26 3.02 20.1 16.7 12.8 2.76 1. 52 1.38 2.42
18. 6.64 4.18 1 .66 2.11 2.S?- l.~. 1 33.3 16.1 . 2.B3 1.52 1.38 3.41t
19 3.81 4.09 1.t6 1.<;t 2.67 10.9 30.6 15.2 2.92 1.52 1.38 3.12
20 3.18 5.49 2.42 1.81 2.67 16.1 39.7 9.88 2.92 1.38 1.38 2.92

;

21 2.50 10.3 2 • 26 2.50 4.91 16.7 59.0 15.2 5.18 1.38 1.38 2.83
-?2 2.76 8.26 2.03 Z.11 5.51 14.1 55.2 Il.7 3.92 1.38 1.38 2.92
23 4.ea 9.50 1 .81 1. ~ 6 .3.S0 12.7 58.5 15.3 2.42 1.74 1.96 5.49
24 Il. 2 8.16 1 • '=6 2.92 3.26 13.0 52.9 Il.5 2.26 3.00 1.81 4.51
25 13.4 iO.8 2.03 5.: 2 3.44 9.64 48.2 8.14 2.11 3.63 1.66 4.57

26 9.76 10.8 2.67 2.92 4.38 13.1 25.5 8.54 1.96 2.75 1.52 3.99
27 8.26 6.38 2.27 2.67 4.19 45.3 18.0 6.61 1.81 2.19 1.52 3.01
28 14.7 ".67 3.26 2.63. 6,41 37.2 16.3 8.26 1.66 2.03 1.52 2.11
29 4.87 2.67 2.5 a 4.51 22.1 25.7 7.90 1.81 2.34 1.52 1.96
30 5.19 4.67 2.:0 5.28 18.8 19.9 7.36 1.96 1.96 1.52 3.90
31 4.83 3.00 19.4 19.6 1.81 1 •.52 2.83

AVE ~.39 t: .75 3.43 4.15 4.06 14.? 29-7 16.4 3.56 1.92 1.50 2.41

MEAN ~NNUAl DISCHARGE 1.81 M3/S



STATION ETHIOPIA

13280108

WABl SHE6ELLE WABI SHE8EllE BPIDGE ROAD Of DOOOlA

~VERAGE [AlLY DlSCH~RGES 1970-1911 on/sI

fEfR MAR C APR 1 MAY JUNE JULY AUGU SEPT" OCTa NOVE OECE JANU

1 2.92 1.66 5.28 6.29 2.26 5.72 19.8 19.9 8.63 4.41 1.52 1.66
2 2.11 1. 66 4.77 6.16 2.19 3.36 25.7 13.5 8.02 4.09 1.52 1.81
3 1.ee 1.96 6.18 t.50 2.11 5.64 16.4 23.8 5.24 3.81 1.52 1.96
4 l.f6 3.85 4.28 !:.71 , 2.11 1.42 12.1 14.8 3.81 4.18 1.52 1.81
5 1.~2 5.18 6.96 8.03 2~51 10.7 S.2S 23.1 28 10 1 3.81 1.52 1.81

é 1.52 7.54 6.16 6.es 2.75 11.3 e.39 17.2 23.3 2.92 1.52 1.52
1 1.38 10.8 5.11 10.5 2.50 5~82 8.40 35.9 15.2 2.67 1.52 1.52
e 1.38 6.04 5.49 1.42 2.51 6.73 25.3 26.4- 10.9 2.42 1.52 1.52
9 1.!2 5.71 6.50 3.99 4.30 5.93 21.3 24.4 8.26 2.34 1.38 1.52

10 1.38 5.18 6.61 3.35 4.70 4.97 23.7 29.5 10.3 2.26 1.38 1.38

Il 1.38 6.27 1.78 2.83 2.51 5.08 36.2 23.2 10.1 2.11 1.38" 1.38
12 1.38 8.33 6.61 10.7 2.19 7.44 37.8 37.2 Il.3 1.96 1.38 1.36
13 1.38 8.14 14.4 12.7 1.96 4.57 33.6 35.4 1.66 1.96 1.38 1.38
14 1.38 9.88 9.50 6.61 1.81· Il.1 37.6 27.5 6.16 1 10 88 1.38 1.38
15 1.38 11.3 8.51 4.28 2.11 10.3 24.1 22.9 5.39 1.81 1.38 1.38

16 1.24 Il.1
1

1.387.54 3.62 2.27 8.14 23.1 19.8 4.17 1.81 1.38
17 1.24 10.9 9.15 10.3 2.42 11.9 22.2 20.5 4.38 1.81 1.38 1.38
18 1.38 11.5 6.16 t.e5 2.11 11.2 20.7 33.1 3.99 1.66 1.38 1.52
19 1.52 7.91 Il.1 5.0 8 2.75 10.3 17.2 41.1 3.81 1.66 1.38 1.52
20 1.96 6.27 10.0 4.38 2.75 7.55 46.8 34.9 3.62 1.66 1.38 1.52

21 2.83 6.27 10.8 3.35 2.92 5.08 30.1 18.1 3.11 1.66 1.38 1.38
22 3.01 5.28 1G.7 4.22 3.09 4.77 25.1 13.5 6.28 1.66 1.38 1.38
23 2.76 5.18 8.02 3.00 3.. 09 11.6 16.8 14.4 6.61 1.66 1.38 2.75
24 3.81 6.C;6 6.39 4.19 3.00 7.66 16.7 10.8 5.<)3 1.66 1:.38 1.81
25 2.42 9.13 12.0 4.78 3.27 5.49 31.6 11.2 5.49 1.66 1.38 2.58

26 1.88 8.75 10.9 3.90 3.10 4.87 23.3 18.8 6.73 1.52 1.38 1 ~96
27 1.66 10.9 10.3 3.44 2.26 4.57 34.6 13.<) 9.13 1.52 1.38 1.66
28 1.66 8.66 7.90 5.84 2.75 4.48 74.7 23.8 10.1 1.52 1.38 1.81
29 6.16 5.39 4.20 2.58 6.96 34.7 13.1 5.82 1.52 1.38 1.81
30 7.1<) 4.87 2.92 4.95 12.6 29.7 9.76 9.01 1.52 1.52 1.52
31 7.66 2.58 14.1 23.5 5.94 1.81 1.52

AVE 1.84 1.21 7.81 !:.70 2.73 7.65 26.1 22.4 8.34 2.24 1.43 1.64

MEAN ANNUAl DISCHARGE 7. CH M3/S



ST AT ION : ETHIOFIA WA81 SHEBELlE WABI ShEBELLE BRIDGE RO~O Of DODOLA

NLMBER : 13280108

ftVERAGE CAllY 01SCHARG~S 1911-1'372 {M3/S)

FEBR MARC APR 1 MAY JUNE JULY AUGU SEPT OCTO NOVE OECE JANU

1 2.11 1.10 1.88 1.52 4.17 12.3 22.9 17.2 23.1· 2.59 6.96 2.26
2 1.66 1.10 2.11 2.13 6.62 23.4 17.9 32.6 15.1 2.67 4.10 3.83
3 1.i 6 1.10 1.81 2.42 5.39 27.0 17.1 34.4 16.9 2.58 2'.67 4.09
4 1.81 1.10 2.26 4.48 4.28 15.7 23.6 35.1 24.6 2.58 2.50 2.84
5 1.:2 1.10 2.03 4.99 7.46 12.8 45.7 20.7 49.7 3.18 2.19 2.67

.
6 1.38 1.10 3.18 ?44 6.27 Il.7 38.7 19.6 30.6 2.92 2.11 2.67
7 1.3~ 1.10 5.81' 13.4· 5.18 Il.9 66.0 19.6 19.7 2.92 1.96 2.11
8 1.38 1.10 7.61 8.40 10.3 17.3 33.5 14;,1 14.1 2.83 1.96 2.11
9 1.38 1.10 6.61 é.e4 12.7 20.6 27.7 19,7 6.38 3.36 1.88 2.11

10 1.38 1.10 5.50 . 5.72 7.31 24.6 25.0 13.1 11.3 2.75 1.81 2.03

Il 1.24 1.24 4.87 5.S8 9.01 15.-7 23.1 9.63 II.2 2.58 1.81 1.88
12 1.24 1.45 5.29 14.2 7.31 13.5 19.9 9.(0 9.50 4.18 1.81 1.81
13 1.24 1.81 4.38 10.5 5.82 39.2 24·8 15.7 8.38 5.39 1.66 1.88
14 1.24 1.81 5.08 7.42 7.55 20.9 28.6 12.8 8.26 Il.3 1.66 1.96
15 1.52 1.81 4.67 6.28 Il.2 22.5 32.6 8.26 7.90 8.27 1.66 1.88

16 1.;2 2.92 4.09 3.90 12.8 17.0 46.5 6.18 7.54 5.65 1.66 1.81
17 1.38 2.16 3.44 8.11 1C.9 16.S 34.3 6.34 6.61 3.53 1.66 . 1.66
18 1.24 1.81 2.92 7.81 8.88 29.7 32.8 6.16 4.97 3.35 1.66 1.66
19 1.24 1.45 2.92 4.77 9.25 33.7 33.8 6.28 4.98 3.26 1.66 1.66
20 1.24 1.38 2.11 ~.50 7.90 21.1 3R.3 6.39 9.89 2.83 1.66 1.66

21 1.24 1.38 1.96 5.11 6.96 14.4 27.5 8.51 7.54 2.58 1.73 2.58
22 1.24 1.38 1.66 5.72 16.3 27.3· 28.1 12.3 5.71 2.50 1.81 2.26
23 1.24 1.59 1.52 11.9 17.3 13.0 26.4 5.82 6.96 2.42 1.96 2.11
24 1.24 2.67 1.38 12.0 14.7 24.2 35.9 16.8 6.27 2.26 1.96 1.81
25 1.24 1.81 1.3à e.75 14.1 17. C 24.7 14.4 5.08 2.19 1.88 1.66

26 1.10 2.76 1.38 S.t3 8.76 1.2.7 21.1 17.3 5.61 2.11 3.09 1.66
21 1.10 2.58 1.81 13.1 6.73 11.5 17.7 13.8 4.67 2.11 2.83 1.96
28 1.24 2.27 1.52 9.6'3 8.14 22.7 35.2 11.6 4.18 3.42 6.73 1.66
29 1.96 1.38 13 .4 8.77 27.3 17. 7 10.8 3.71 2.75 4.68 1.66
30 2.27 1.38 7.19 9.02 20.7 32.6 15.0 3.18 4.54 3.62 1.66
31 2.16 t.38 31.2 15.6 2.q2 2.67 1.66

AVE 1.37 1.71 3.13 7.44 9.08 20.3 2<;.5 14.7 Il.4 3.52 2.52 2.10

MEAN ANNUAL DISCHARGE 8.S7 M3/S



STATION : ETHIOPIA WABI SHEBEllE WABI SHE8EllE MAlKA-"JAKANA

NUMeEP : 13280121

~VERAGE CAIlY DISCHARGES 1961-1 Ci 68 013/S)

fEEP MA~( APRI MAY JUNE JUl y AUGU SEPT OCTO NOVE OECE JANU

1 42.6 104. 54.2 8.15 25.8 4.31
2 95.2 41.9 8. 46~ 22.3 4.31
:3 Il C. 60.<; 9.56 19.2 4.31
4 112. 137. 9.08 16.5 4.31
5 <;3.0 169. 8.15 14.6 4.31

6 80.7 93.0' 181. 7.40 13.0 4.37
7 <;4.1 C;7.2 225. 7~40 Il.5 4.31
8 111. 109. 205. 9.24 Il.0 4.37
9 101. 103. 215. 9.88 10.0 4.31

10 78.7 85.5 199. 16.1 9.40 4.31

Il ,67.6 18.1 151. 24.1 8.62 4.31
12 70.2 f;;2.6 95.0 31.3 8.31 4.31
13 6~.4 51.4 56.8 35.9 1.10 4.31
14 52.5 48.2 39.4 49.6 7.10 4.37
15 41.9 44.4 32.5 86.2 6.52 4.37

16 54.2 38.0 27.4 91.2 6.23 4.31
11 58.1 42.2 25.6 83.6 6.09 4.31
18 73.8 48.6 22.8 65.1 5.67 4.31
19 80.7' ~1.0 21.8 53.9 5.39 4.13
20 80.1 61.1 18.1 51.4 5.26 4.13

21 84.2 68.4 16.1 81.1 5.12 4.13
22 84.~ 102. 57.6 14.8 140. 5.12 4.13
23 68.5 84.5 12.4 11.9 81.6 4.87 4.13
24 57.3 84.0 82.5 1l.4 61.8 4.62 4.13
25 45.8 91.5 84.5 10.5 50.1 4.62 3.90

26 81.5 109. 11.2 10.0 43.4 4.62 3.90
21 33.4 C; 5~ 6 61.4 10.9 46.5 4.62 3.90
28 28.8 87.1 54.8 12.3 41.1 4.62 3.90
29 26.3 97.2 49.7 11.1 35.5 4.50 3.90
30 26.9 C;8.8 51.1 9.40 30.2 4.31 3.90
31 33.4 <;5.1 8.62 4.31 3.90

AVE 18.7 12.8 68.4 43.0 8.77 4.22



STATICN: ETHIOFIA rlAB 1 SHE BELL EWA el SHE BELLE MALKA- W~KANA

NUMeER : 13280127

~VERA~E CAILY DISCHARGES 1~6a-lS69 (M3/S)

fEER MM;cC APR l MAY JUNE JULY AUGU SEPT aCTC NCVE DEce JANU

1 4.25 38.9 7.40 81.1 18.3 26.2 88.9 32.3 43.6 8.36 1.65 6.11
2 5.28 41.6 7.40 74.6 24.3 27.1 SO.6 30.0 52.1 1.60 7.05 7.90
3 6.~2 57.7 9.60 70.2 19.7 26.0 <;1.1 38.0 50.8 7.20 6.81 9.35
4 6.76 32.2 13.0 ~5.1 22.3 23.2 78.4 50.2 42.7 6.86 7.01 9.46
5 6.23 25.8 16.1 59.5 27.1 27.2 78.2 39.2 45.2 6.91 7.35 9.10

6 7.25 21.8 23.5 ~3.9 33.4 35.6 70.9 34.5 49.0 6.52 7.45 9.40
1 7.40 17.4 25.8 41.6 37.4 40.2 83.4 32.1 49.7 6.19 7.15 9.88
8 9.09 14.6 31.4 41 .7 24.0 45.1 86.3 37.8 39.9 5.90 6.52 9.61
9 9.99 13.2 89.8 35.5 19.3 46.1 69.9 43.1 32.0 5.95 6.14 9.67

10 10.1 27.1 88.0 33.4 1~.5 39.7 79.7 42.4 24.9 5.95 6.06 8.93

11 11.6 52.4 69.3 26.4 15.5 32.2 E1.9 40.8 20.5 6.19 5.95 8.-26
12 12.6 45.5 64.3 37.7 13.8 31. 1 e8.7 35.6 18.2 6.14 5.95 8.41
13 10.1 32.6 65.5 38.7 11.4 30.2 84.2 37.7 17.2 5.7~ 6.71 10.5
14 9.19 24.0 83.2 38.4 11.4 27.7 79.6 68.1 15~6 5.58 5.95 11.2
15 8.93 19.2 106. 37~4 11.7 35.7 85.8 68.1 14.3 5.39 5.67 10.5

16 «1.09 16.5 88.8 32.8 12.6 46.2 75.1 61.0 12.6 6.31 5.86 9.09
17 10.5 13.2 8f.5 35.2 10.8 48.2 79.0 52.0 11.7 12.6 5.54 10.2
18 11.4 Il.2 1<;.1 25.8 10.2 38.4 72.4 54.8 11.6 13.5 5.12 10.4
19 13.4 9.24 71.8 20.6 12.7 37.3 '10.6 57.0 12.9 10.9 5.12 8.72
20 16.5 8.31 101. 16.<; 12.0 31.4 102. 54.5 13.5 10.2 4.81 9.09

21 22.8 7.70 124. 15.2 Il.'1 32.0 92.9 48.4 14.9 14.3 4.87 7.20
22 24.4 6.81 91.4 16.1 13.3 40.0 73.6 39.8 19.2 19.8 4.87 6.52-
23 40.0 7.70 76.5 13.6 15.0 54.2 58.8 32.0 18.6 20.0 4.87 6.00
24 26.9 14.0- 80.2 11.9 16.8 49.2 46.8 29.9 14.7 18.2 4.62 6.47
25 41.4 16.7 88.1 10.7 16.1 67.0 46.0 28.1 12.5 15.8 4.62 6.00

26 30.8 15.2 88.4 15.8 20.3 48.2 56.4 30.4 Il.1 12.4 4.62 5.95
27 ~4.3 13.0 8~.9 16.5 41.2 57.0 67.2 39.6 10.4 11.2 4.62 7.59
28 26.4 12.6 92.5 14'.0 43.5 68.0 68.6 34.4 S.78 10.1 5.40 10.7
29 27.7 11.0 104. 10.7 38.3 72.9 61.3 48.0 S.72 9.03 5.81 16.3
30 10.0 88.5 9.56 30.2 75.8 47.2 49.9 9.45 8.26 6.09 15.8
31 9.08 c;.c;o 102. 37.3 9.72 6.38 19.2.

AVE 15.6 21.1 6e.5 32.8 20.3 43.9 74.3 43.0 23.2 9.64 5.89 9.49

MEAN ftNNUAL OISCHARGE ,30.7 1'13/5



STATION: ETHIOFIA WABI SHEBELLE WABI SHEBEllE "ALKA-WAKANA

NlJMBER' 13280121

~VER.AGE CAllY DISCHARGES 1969 1910 (M3JS)

FE8R M~RC APRI MAY JUNE JULY AUGU SEPT OC,TC NOVE oece JANU

1 13.2 41.9 32.1 41.8 8.56 12.9 101. 67.8 20.9 6.47 6.42 4.87
2 11.0 34.8 2~.1 't9.5 8.11 13.1 ;4.9 55.1 23.0 1.16 6.14 4.81
3 Il.6 28.0 21.0 57.6 8.51 14.3 103. 48.7 19.7 8.31 5.95 4.67
4 9.09 24.3 11.2 53.4 8.88 ,15.0 104. 42.9 18.4 9.83 5.90 4.18
5 7.15 23.1 11.9 39.1 <; .t2 13.5 92.2 43.4 21.0 1.65 5.44 4.62

6 1.01 21.3 22.0 35.9 9.40 15.8 83.1 41.3 21.1 7.01 5.39 4.62
7 6.38 26.6 25.1 31.0 9.18 21.3 ,19. <; '59.6 24.6 7.05 5.39 4.62
8 5.90 38.2 26.3 29.0 8.93 20.0 15.2 65.0 21.7 6.57 5.39 5.21
9 5.49 46.2 32.5 29.8 10.9 18.8 85.5 66.0 19.3 6.23 5.39 5.12'

10 5.39 55.3 28.0 35.5 12.0 19.8 95.0 96.9 18.3 5.16 5.39 5.17

Il 5.53 50.3 23.3 43.2 9.46 22.4 90.3 92.1 17.0 5.62 5.39 5.21
12 6.06 46.5 19.0 37.1 8.67 28.1 80.5 1CO. 15.1 5.39 5.08 5.12
13 1.15 42.2 16.1 25.3 1.65 22.4 83.8 85.3 14.1 5.39 ' 4.87 5.26
14 8.60 35.9 13.9 19.3 6.81 20.1 72.3 19.0 13.0 5.39 4.62 6.33
15 Il.5 34.6 11.9 15.6 6.3.3 25.4 tO.3 75.1 ,12.3 5.39 4.62 8.46

,16 13.5 ,0 34.9 10.1 13.1 6.09 43.0 63.1 56.1 10.1 5.35 4.62 8.72
11 13.3 31.8 10.1 11.9 6.14 43.0 12.1 44.2 9.88 5.12 4.62 1.35
18 25.6 27.3 10.5 10.4 6.00 39.8 82.0 39.0 9.88 5.12 4.62 1.66
19 26.6 26.7 1~.4 9.45 6.51 33.8 88.5 39.4 10.0 5.12 4.62 9.77
20 21.8 25.9 12.1 8. t 2 6.67 39.3 aO.l 35.2 11.1 5.12 4.62 13.4

21 17.5 31.8 13.6 8.32 6.76 50.8 85.5 33.0 12.9 5.12 4.54 13.2,
22 15.6 '4.1 15.2 6.81 8.85 58.5 114. 36.0 13.8 6.06 4.37 13.6
23 20.5 48.9 11.6 1.00 11.1 56.4 124. 29.5 11.9 7.26 4.37 16.9
24 21.2' 50.2 17.0 6.86 10.0 66.7 128. 30.0 10.1 8.93 4.31 20.2
25 50.2 54.4 15.4 7.53 8.12 72.6 128. 30.1 8.,88 8.77 4.37 16.6

26 55.8 61.8 17.2 Il.1 10.2 58.5 101. 24.9 8.10 8.81 4.31 14.3
27 45.4 63.5 21.1 10.2 15.1 81.<; 14.2 23.3 1.80 8.01 4.45 Il.6
28 39.8 55.8 21.7 9.61 15.5 119. 74.3 19.5 1.30 1.60 4.62 8.61
29 S4.5 22.2 9.45 1t.5 106. 79.7 20.4 1.10 6.57 4.62 7.55
30 48..5 26.4 c.67 13~1 87.4 e6.4 19.4 6.96 6.47 4.62 6.81
31 39.9 8.26 98.5 7«;.4 6.76 4.82 8.01

11.7
,

AVE 40.5 19.2 22. "3 9.39 43.2 89.3 50.2 14.0 6.62 4.91 8.50

MEAN ~NNUAl DlSCHARGE 27.3 M3JS



STATION:

NU~eEp.

EThIOPIA
,

13280121

WABI SHEBELLE WABl SHEBEllE MAlKA-WAKANA

PVE~AGE OArlY OISCHARGE$

fEfR MARC APRI MAY JUNE JUl y AUGU SEPT OCTO- NOVE OECÉ JANU

1 1.10 1.05 19.1 14.1 6.33 8.31 ~3.8 91.8 52.2 35.5 5.12 4.31
2 1.40 10.6 14.9 16.2 6.09 11.3 71.5 91.0 44.2 .21.3 5"!12 6.23
3 6.05 10.1 14.6 18.1 5.16 9.51 64.0 88.4 36.2 23.8 5.12 5.61
4 5.30 9.61 22.2 23.0 5.61 10.6 48.8 83.1 29.2 20.5 5.12 5 • .<J5
5 4.95 1B.3 21.1 30.6 5.62 16.0 49.q 15.5 26.4 18.2 5.12 5.95

6 4.66 19.4 21.1 35.8 5.58 20.2 41.8 11.6 49.3 16.0 5.12 5.61
1 4.81 21.8 11.9 35.2 5.95 22.1 38.8 14.5 54.3 - 13.6 5.12 5.3q
8 4.81 27.6 15.8 31.6 6.33 16.3 51.1 94.2 51.6 Il.8 4.81 5.12
9 4.87 22.6 21.0 21.6 6.00 14.9 14~5 82.9 51.2 Il.1 4.81 . 4.62

la 4.62 20.0 20.0 16.4 7.56 15.4 E6.0 S4.3 .48.1 10.2 4.62 4.37

Il 4.62 19.9 19.3 13.3 8.18 15.2 <;8.8 11.6 48.2 9.30 4.62 4.62
12 4.62 21.1 22.0 12.9 6.62 11.3 124. «;8.1 39.3 8.82 4.62 4.37
13 4.62 21t.7 24.1 26.5 5.90 22.3 122. 106. 34.6 8.61 4.62 4.37
14 4.62 26.9 36.6 28.4 6.09 29.3 121. <14.3 2<1.2 8.31 4.62 4.37
15 4.54 37.7 3~.2 21.0 5.16 38.3 110. 11.5 23.5 1.15 4.62· 4.13

16 4.17 11.6 48.6 14.3 6.09 31.0 1l1. 66.9 19.6 1.40 4.62 4.13
17 4.13 85.8 60.4 12.4 6.33 35.1 122. 56.3 18.9 7.10 4.62 4.13
18 4.02 13.3 49.1 15.9 6.81 48.3 123. 63.4 22.6 6.81 4.62 4.13
19 3.90 56.2 40.0 14.-) 7.10 46.0 137. 80.4 19.6 6.81 4.62 4.37
20 3.90 38.1 3<;.4 12.0 8.00 41.3 141. E1.7 20.7 6.81 4.31 4.13

21 3.90 28.4 44.5 10.4 7.45 32.1 144. 83.8 23.2 6.23 4.31 4.31
22 4.69 24.0 54.9 8.72 6.62 34.4 121. 59.2 24.8 6.23 4.31 4.37
23 6.43 20.9 42.1 S.36 6.86 39.1 126. 51.4 22.5 5.95 4.31 4.31
24 5.91 20.1 32.3 7.50 1.00 42.2 98.3 49.2 21.6 5.95 4.13 4.62
25 6.59 23.5 48.0 7.50 6.S1 3é.~ 101. 41.4 22.2 5.61 4.13 4.13

26 6.87 28.1 53.7 s.c; e 6.91 31.1 113. 45.4 24.0 5.39 4.13 4.13
21 5.67 30.4 34.5 e.26 7.35 37.3 121. 58.3 30.2 5.39 4.13 3.90
28 5.90 37.0 24.5 1.70 6.86 _ 37.0 146. 60.6 39.8 5.39 4.13 4.37
29 29.3 19.6 ~.21 1.1 ~ 38.2 154. 69.5 46.6 5.39 4.13 4.62
30 23.3 15.3 9.C<; 1.40 40.5 90.3 53.2 48.6 5.39 4.31 4.62
31 20.6 7.25 45.2 70.3 46.4 4.37 4.31

AVE 5.16 29.3 31. a 16.4 6.63 28.1 99.8 74.2 34.5 10.8 4.61 4.65

MEAN ANNUAL DISCHARGE 29.0 M3/S



STATION .: ETHIOPlA WABI SHEBEllE WABl SHEBEllE ~AlKA-WAKANA

NUMBER : 1~2~0127

~VERAGE CAllY OISCHARGES 1971-1~72 (M3/SJ

fEER MM<C APRI MAY JUNE JUl y AUGU SEPT cere NeVE OÉCE. JANU

. 1 4.37 3.01 7.00 5.12 1~.2 32.0 t 5. ~ t4.7 65.4 12.• 5 12.<; 7.70
2 5.67 3.23 6.0S 5.12 14.4 35.6 56.1 72.5 70.8 11.8 13.6 6.Bl
3 7.10 3.23 5.86 S.17 15.4 39.1 46.7 <JS.7 75.3 11.6 9.46 7.40
4 6.52 3.23 6.38 7.82 12.5 46.4 50.2 95.6 79.3 Il.6 8.21 8.00
5 5.95 3.23 6.14 13.2 Il.2 40.9 76.0 <;7.9 105. 13.5 7.62 7.70

6 5.12 3.01 6.97 22.8 12.3 43.7 105. 72.5 140 • . 14.1 7.25 6.81
7 4.62 3.23 10.0 34.3 13.6 42.7 97.3 71.2 114. 10.8 6.81 1 7.10
8 "t.37 3.23 1~.8 45.5 11.6 48.4 101. 73.2 93.9 g.24 6.52 6.23
9 ·4.13 3.23 16.7 46.0 24.2 55.7 81.9 63.9 79.5 10.1 6.23 5.p7

10 3.90 3.23 16.8 34.7 28.3 59.<; 17.3 60.7 64.9 9.61 5.95 5.39

Il 3.90 3.23 18.4 28.2 22.2 59.9 70.8 47.2 52.0 8.72 5.67 5.39
12 3.90 3.45 17.7 30.9 19.2 58.3 (: 5.5 45.7 41.7 8.36 5.67 5.12
13 3.67 3.45 20.B 33.<J 15.3 65.7 84.3 47.0 34.6 9.67 5.67 5.12
14 3.67 3.67 21.0 26.1 15.6. 68.5 104. 52.2 31.5 12.3 5.67 4.87
15 3.67 " .13 23.3 20.0 19.5 60.1 106. 43.2 31.2 25.1 5.39 4.62

16 3.45 4.62 24 .. 1 17.7 23.0 58.0 101. 35.2 31.5 27.4 5.12 4.62
17 3.45 5.82 31.1 14.8 26.2 42.7 98.3 32.2 27.9 21.2 5.12 4.62
18 3.45 6.29 21.4 21.1 28.6 55.7 95.7 28.7 23.5 15.5 4.B7 4.62
19 3.45 5.05 18.9 21.4 33.1 95.8 le4. 28.1 . 20. a 12.6 5.39 4.62
20 3.45 4.22 .16.7 17.5 36.5 92.5 103. 28.7 23.1 Il.8 5.39 4.62

21 3.23 3.67 15.0 17.0 37.7 64.5 101. 29.7 26.9 10.5 5.39 4.62
22 3.23 3.56 Il.5 16.2 40.5 57.3 100. 32.2 27.2 Il.4 5.67 4.62·
23 3.23 3.90 9.30 16.4 39.9 62.3 103. 37.3 25.4 Il.5 6.61 5.12
24 3.23 4.62 7.80 24.7 44.6 64.5 99.2 44.9 21.7 11.0 7.10 5.12
25 3.23 5.53 6.76 27.2 44.6 62.7 102. 42.0 27.0 10.6 6.52 5.12

26 3.23 6.00 6.09 24.5 39.7 51.2 98.9 36.7 26.3 9.78 9.00 5.12
27 3.23 7.45 5.<;5 28.5 32.7 48.3 101. 40.5 26.8 9.03 9.35 4.87
28 3.01 6.38 6.09 27.9. 32.3 54.7 96.4 45.4 23.4 8.61 8.46 4.87
29 7.60 5.81 25.5 30.4 71.1 113. 49.4 19.4 10.0 10.1 4.62
30 1.40 5.40 26.0 30.4 74.3 107. 55.9 16.2 10.8 9.94 4.'31
31 9.10 19.B 69.2 84.2 13.8 8.51 4.31

AVE 4.05 4.55 12.9 ;'2.7 2~.9 51.5 <;0.2 :2.3 47.3 12.4 7.27 5.48.

MEAN ~NNUAL OISCHAPGE 28.8 M3/S



STAllON : ETHIOPIA WABI SHEBELlE WABl SHEBElLE MALKA-~AKANA

NUMEER : 13280121

~VERAfE CAIlY DISCHARGES

FEBR MARC APR 1 MAY JUNE JUL y AUGU SEPT ocra NOVE OECE JANU

1 4.37 21.7 7.30 39.7 14.0 16.1 43.1 31.1 12.5 12.8 5.39 4.50
2 4.62 18.3 6.71 29.1 13.1 20.4 42.7 40.7 12.1 9.72 5.12 4.37
3 5.82 13.9 6.42 24.5 8.77 23.5 52.1 64.1 11.2 8.77 5.12 4.37
4 7.11 Il.9 7.5C; 52.3 1.55 27.2 55.3 71.0 13.0 9.10 5.1.2 4.62
5 1.55 10.1 ] 1.7 ~9. g 7.25 41.C ~3.5 66.6 12.6 8.77 5.12 4.87

6 a.51 9.04 18.4 36.3 6.81 36.2 i2.6 65.0 13.8 8.15 4.87 4.62
7 8.26 1.35 19.4 26.1 6.52 30.8 87.1 68.6 13.6 8.15 4.87 4.62
8 10.3 ê.52 24.8 20.2 6.24 29.3 87.3 61.1 11.9 8.00 4.87 4.74
9 15.8 6.33 3~.3 16.1 7.28 29.6 66.8 58.6 10.5 7.55 4.81 4.62

10 23.6 6.05 26.4 13.4 8.<;3 38.1 t8.3 54.6 10.4 6.96 4.87 5.01

Il 22.1 5.86 21.8 11.0 9.40 42.8 55.7 56.0 10.2 6.81 4.87 4.38
12 24.2 6.82 37.7 C;.56 8.31 44.4 46.9 49.5 9.09 6.52 4.62 4.25
13 38.8 10.4 80.6 8.62 6.96 49.3 31.1 50.1 8.46 6.52 4.62 4.37
14 26.2 10.4 102. a.oo 6.09 48.6 31.6 45.1 8.15 6.52 4.62 4.37
15 17.0 9.92 86.3 7.55 5.81 54.2 29.1 47.8 7.10 6.38 4.62 4.31

16 13.6 13.4 66.0 7.10 5.81 56.1 39.2 38.1 7.70 6.2'3 4.62 4.37
17 9.78 14.2 54.1 6.66 7.55 59.9 62.6 37.6 8.00 6.38 4.62 4.31
18 8.16 20.1 56.8 6.52 1.40 58.3 85.6 35.9 7.70 6.96 4.62 4.37
19 1.05 25.8 66.8 8.62 6.96 55.7 96.9 28.2 7.70 7.25 4.62 4.31
20 6.38 35.8 6ê.2 14.4 6.66 44.7 72.8 26.3 6.81 7.25 4.62 4.37

21 5.<;5 21.9 56.0 20.2 7.10 38.0 61.0 32.4 7.25 7.55 4.62 4.37
22 5.e6 26.1 43.7 22.1 8.93 37.7 65.9 36.8 7.40 10.7 4.62 4.37
23 1.95 23.4 42.0 27.6 8.31 37.4 63.5 36.0 6.81 Il.1 4.62 4.37
24 10.4 18.5 36.5 25.8 9.24 34.3 59.5 38.7 6.81 10.2 4.62 4.37
25 9.45 18.0 40.0 19.5 9.56 35.5 53.9 44.2 6.52 7.55 4.62 4.'37

26 12.3 18.5 43.1 13.8 10.0 44.4 49.3 32.5 6.45 6.81 4.62 4.13
27 15.9 16.4 64.6 12.1 Il.4 43.7 36.8 23.3 6.23 6.66 4.62 3.90
28 21.9 14.8 75.<; 10.2 12.6 38.0 32.5 18.6 6 ,'~ 6.23 4.62 3.90._-'
29 26.0 Il.6 55.7 9.40 15.5 34.6 29.3 15.4 6.09 5.95 4.62 3.67
30 9.62 50.6 8.61 18.8 31.6 37.1 13.8 9.C;6 5.67 4.62 3.67
31 8.21 11.6 3'2.5 36.8 14.3 4.81 3.67

AVE 13.3 14.8 43.7 18.g 8.ge 39.2 ~5.5 42.9 9.27 7.77 4.76 4.35

~E~N ~NNUAl OISCHARGE 22.0 ~3/S



ST~TIQN : ETHIOPIA

~UM8ER : 1328012~

WABI SHEBEllE WABl SHEBEllE lEGE HIDA

'VEPAGE CAIlY DISCHARGES 1968-1C;69 (M3/S)

1
2
3
4
5

6
7
8
9

la

Il
12
13
14
15

16
17
18
19
20
-\

21
22
23
24
25

26
27
28
29
30
31

AVE

f"EER MARC APRI

44.8

MAY JUNE JUl" AUGU SEPT OCTe NOVE DECE JANU

15.9

115.

15.9

16.6

85.1

15.9



ST ~T ION ETHIOPIA WASI 'SHEBELLE WAST SHEBElLE LEGE HIDt'!

NUM8E~ ': 13280124

~VEPAGE DAIlY DISCHAPGES 1 9 6q... 1 9 7 0 ( M31 S)

FE P.P MI'IRC APR 1 MAY J L\J F. J UL 'r AIJGU SE PT ccre NOVE DECE JANU

, 27'5. 9.23...
2 149.
:3
4
5

6
7 27t..
8 14'3.
Q 20 1. 1.36

10 175.

Il 14 l •
12 205.
13
14 12.2
15

16
17 203.
18 1<;4.
19 188.
20

21
22
23
24
25 13t;.

26 217. 113.
27 331. 184.
26 232. 139.;
29
30
31 8.23

AVE



STATION: ETHIOPIA

NUMBER : 132~0124

WABI SHEBELLE WABI SHEBElLE LEGE HIDA

AVE~AGE CAILY DISCHARGES 197Q-1q71 (M3/S)

fEeR MARC APP 1 MAy JUNE J UL \' AU(;U SEPT ocre NOVE OECE JANU

1 50.3 :t.5 21.3 14.C 160. 193. 113. 102. 11.2 8.23
2 48.0 55.8 18.2 1.4.5 165. 262. 100. 83.9 Il.2 8 •.23
3 40.6 83.8 16.6 15.3 156. 261. 83.1 66.2 11.2 8.69
4 3~.5 78~6 15.5 19.3 166 •. 193. 73.3 50.6 11.2 9.18
5 4<;.3 104. 15.2 26.8 309. 162. 72.1 47.8 10.7 9.18

6 54.7 146. 14.2 24.3 265. 1 73. 11.5 41.9 10.1 10.2
7 49.7 131. 14.0 29.8 20<;. 161. 140. 36.5 10.2 9.18
8 47..6 106. .., . 31.7 236. 1 74. 162. 32.5 10.2 9.18.. _.<t

9 275. 57.6 SO.5 13.9 33.4 224. 1 sa. 143. 29.7 9.68 8.23 .
10 173. 56.1 71.0 20.3 34.9 249. 172. 129. 27.0 9.68 8.23

11 131. 5S.2 56.7 17.6 32.8 295. 166. 122. 24.<; 9.68 7.79
12 61.8 :0.: 17.5 31.2 330. 154. 103. 2~.3 9.68 7.79
13 6«;.'; 49. ~ . 18.8 32.8 328 • 205. 90.6 22.5 9.68 7.79
14 50.5 9<;.0 63.4 16.6 35.2 372. 194. 78.1 20.7 9.68 7.36
15 459. 134. éa.1 15.9 49.4 ~34. 195. 10.0 19.9 9.18 7.36

16 559. 267. 51.0 16.7 9<).9 347. 173. 58.2 18.8 9.18 7.36
17 572. 204. 43.7 14.8 91.9 '327. 128. 60.4 17.3 8.69 6.95
18 430. 184. 37.4 21.0 102. 42l7. 112. 5':;.7 16.6 8.6q 6.95
lq 227. l~? 35.8 17.8 160. 348. 162. 59.0 15.<:; 8.69 6.95
20 132. 122. 36.3 17.3 149· 375. 158. 64.0 15. "3 8.23 7.79

21 113. ~2.3 15.9 125. 425. 147.• 58.3 15.3 8.23 7.79
22 103. 1(:2. 29.1 15.9 105. 427. 132. 56.2 14.6 8.23 7.3.S
23 86.4 102. 27.0 15.4 103. 328. 1 70. 54.9 14.0 8.23 7.36
24 76.2 90.0 24.3 14.1 113. 274. 133. 54.2 13.4 8.23 7.'36
25 64.7 8C.8 24.0 13.1 129. 204. 111. 50.6 13.4 8.23 7.36

26 59.4 82.6 21.1 13.4 189. 203. 114. 91. 1 12.8 7.79 7.36
27 73.1 les. 20.8 13.7 174. 242. 146. III • 12.2 7.79 7.79
28 86.6 9€.1 22.4 14.0 147. 279. 195. 103. 12.2 7 ~'79 8.23
29 79.2 82.0 22.5 15.7 138. 265. 173. 98.5 Il.7 1.7q 3.69
30 71.3 68.1 a.3 14 • .3 154. 245. 112. 125. 11.7 7.79 8.23
31 59.9 22.5 165. 169. 112. 7.79 7.79

AVE 9~~O ~4. 5 1.6.1 82.9 287. 168. A9.5 28.1 9.20 8.00



STATION: ETHIOPIA

~UMeER : 13280124

WABI SHEBELLE WABI SHEBElVE LEGE HIDA

AVERAGE [AllY DISCHARGES lq71-1~72 ("13/5)

FE ER MAPC APR 1 MAY JUNE JUl y AUGU SEPT OCTe NO\lE OECE JANU

1 7'.79 S .21 14.7 zo~o 34.5 67.7 128. 135. 11.5 34.<; 23.3 15.0
2 7.36 5.21 15.1 18.2 48.1 65.4 111. 133. 80.6 30.6 23.3 13.6 .
3 1.36 5.21 24.7 16.0 27.4 118. 96.3 132. 85.8 27.0 24.9 12.6
4 1.36 5.21 15.5 20.6 25.7 116. El.3 111. 98.9 2&.5 24.9 11.2
5 9.18 5.21 2t.: 36.6 25.3 121. 142. 112. 139. 24.9 20.1 10.9

6 10.2 5.21 18.5 62.2 24.9 116. 161. 173. 201. 22.5 17.1 Il.7
7 9.68 5.21 74.6 76.5 26.0 97.0 211. 127. 212. 24.1 16.6 11.4
8 9.18 5.21 48.8 103. 24.5 95.5 150. 132. 175. 22.1 15.9 10.2
9 8.23 5.21 38.1 127. 30.1 94.1 145. 132. 141. 21.8 14.3 10.2

10 1.79 5.21 75.0 125. 36.0 138. 128. 130. 123. 22.5 13.4 Q.60

Il 7.36 5.21 86.3 113. 37.0 124. 122. Il <;. 105. 22.5 13.4 9.20
12 6.57 5.21 92.3 E2.4 35.5 120. t35. 104. 86.5 27.8 12.8 8.70
13 6.57 5.21 173. f::.4.4 30.6 105. 119. 99.2 72.1 2 Q. 6 12.2 8.20
14 6.57 5.21 109. 63.7 26.1 108. !48. 92.7 63.2 71.5 Il.4 8.20
15 6.57 5.21 9é.9 :3.8- 48.7 ~30. 183. 89.2 58.9 1"q. 11.2 8.00

16 6.20 5.52 71.5 it2.9 62.4 112. 195. 81.9 60.3 239. Il.2 7.80
11 6.20 !:.94 :>4.3 42.0 76.9 98.5 176. 74.4 60.3 186. 10.7 7.80
18 5.e5 6.57 67.0 55.8 133. 105. 208. 67.7 52.9 109. 10.2 7.80
19 5.85 7.28 52.6 47.5 88.0 123. 224. 64.7 49.0 QO.6 10.2 8.20
20 5.e5 9.31 46.0 48.1 76.3 1 75. 202. 61.1 41.9 84.5 9.94 7.60

21 5.E5 8.70 4C.5 40.8 76.2 144. 170. 60.3 43.0 52.2 9.68 7.40
22 5'.85 7.48 34.7 34.8 8t.3 113. 221. 61.1 46.6 39.1 9.68 7.00
23 5.85 9.32 28.7 37.3 83.3 101. 1q5. 61.1 47.2 38.1 9.43 7.00
24 5.85 12.0 24.3 46.6 84.5 102. 170. 63.2 44.2 37.0 9.18 7.00
25 S.E5 82.A 2C.8 56.<; <;7.8 98.5 125. 67.7 48.4 13.0 9.43 7.20

26 5.85 23.8 17.9 57.6 ';7.0 104. 155. 69.2 69.2 30.1 10.4 7.40
27 5.52 48.8 16.5 (:0.8 S6.3 95.6 181. 69.2 69.2 :Z7.4 12.0 7.40
28 5.52 24.7 14.2 51.9 72.1 89.9 179. 64.7 66.9 27.4 14.0 6.80
29 17.9 12.7 48.4 79.3 135. 178. 5'1.0 64.7 21.8 17.0 0.30
30 18.6 12.7 43.1 70.7 l83. 161. 68.5 50.3 21.8 14.6 7.00
31 17.2 42.1 143. 155. 39.2 15.3 7.40

AvE 6.92 12.4 .47.8 56.1 58.5 114. 160. (;7.8 82.8 53.'5 14.2 8.90

ME~N ~NNUAL DISCHARGE 59.8 M3/S



STATION: ETHIOPIA

HUMBER : 13280115

WABI SHEBELlE WABl SHEBEllE HAMERO HEDAO

.
~VERAGE DAILY DISCHARGES

fEER MARC APP l MAV JUNE JUL'V AUGU SEPT ocro NOVE OEce JANU.

1 149. 34.9 404. g6.5 124 • . 250. 166. 136. 42.3 74.9 31.6
2 205. 30.8 50°. 98.4 115. 249. 150. 177. 39.5 65.3 31.0
3 1c; 8. 3 ~. 8 430. 122. 110. 235. 13.6. 162. 37.5 58.8 29.8
4 111. 34.9 343. 118. 103. 214. 126. 147. 35.5 53.3 29.2
5 147. 44.<; 293. 200. lot. 234. 120. 148. 33.5 50.3 28.6

6 128. 117 • 267. 175. 104. 199. 136. 140. 32.0 48.5 28.0
7 110. 164. 249. 178. 108. 196. 137. 161. 30.7 53.3 30.4
8 95.3 196. 216. 166. 150. 192. 135. 183. 29.2 50.7 32.3
9 83.9 255. 190. 151. 149. 202. 151. 177. 28.6 47.3 34.8

la 79.1 334. 175. t46. 148. 211. 110. 155. 28.0 45.1 34.2

Il 32.9 82.4 521. IBl. 1. 36 •. 158. 225. 184. 130. 27.1 41.6 32.9
12 30.7 11 7. 503. 158. 123. 157. 24e. 1 75. Ill. 26.0 38.8 31.6
13 32.0 144. 4g0. 146. 112. 142. 242. 170. 96.5 25.7 36.5 31.6
14 30.7 130. 479. 141. 112. 126. 266. 175. . 84.8 25.7 34.8 29.2
15 2'1.8 104. 374. 143. 112. 122. 287. 193. 71.1 25.4 33.2 28.0

.16 31.7 82.3 416. 150. 121. 118. 2<;7. 230. 69.9 21.1 32.0 26 •.8
17 31.0 68.1 472. 158. 105.· 120. 314. 241. 65.1 39.3 30.7 . 27.1
18 29.3 58.1 418. 161. 100. 148. 320. 212. 62.3 '33.3 30.1 28.0
19 29.7 50.5 422. 150. 9t.3 150. 281. 2e5. 62.3 52.6 28.6 26.8
20 29.7 44.2 524. 137. '34.2 132. 284. 206. 68.0 59.3 . 27.1 26.0

21 33.7 39.3 7t;~. 144. <;6.8 127. 296. 213. 73".6 61.8 26.6 25.4
22 38~9 35.4 686. 141 • 99.3 118. 312. 181. 79.0 217. 25.7 25.7
23 53.8 35.3 508. 127. <;7.5 123. 301. 166. 69.5 193. 25.4 25.1
24 58.7 32.9 494. 124. 91.8 117. 243. 153. 64.5 168. 24.8 24.8
25 53.7 32.5 4~7. 144. ES.1 139. 212. 137. 63.0 141. 24.5 24.5

26 101. 32.6 547. 13~. e5.0 137. 193. 127. 69.5 119. 24.3 24.5
27 129. 40.4 513. 12~. <;6.5 153. 208. 118. 70.7 102. 23.4 24.3
28 133. 45.5 47q. 118. 110. 14q. 205. 136. 59.9 107. 23.7 27.7
29 155. 47.5 405. 112. Ica. 16'1. 217. 131. 54.6 104. 24.3 34.5
10 45.3 409. 10a. 121. 1~9. 200. 128. 49.8 91.2 28.4 31.2
31 39.0 102. 20~. 184. 46.0 31.4 34.4

AVE 47.1 86.2 311. 193. 11g. 136. 242. 164. 100. 66.1 37.5 29.1
"

MEAN ANNUAL OISCHARGE 133. 1.13/5



STATION : EiHIOPl~

NUM8E~ : 13280115

WABl SHEBELlE WABI SHEBEllE HAMERO HEOAD

AVERAGE CAIlY DISCHARGES 196~ 1970 CM3/S)

FEeR MARC APR 1 MAY JUNE JUl y AUGU SE PT OCTe NOVE oece JANU

1 36.4 359. 1é6. 258. 48.8 87.7 1<;6. 21<;. 76.7 76.4 20.6 11.5
2 41.0 368. 141. 431. 48.8 79.9 220. 209. 64.1 123. 20.0 Il.5
3 40.9 243. 117. 540. 48.1 73.1 311. 1 74. 64.2 44.6 19.5 Il.5
4 40.8 167. 99.0 327. 47.3 68.2 279. 145. 61.8 38.0 17.9 Il.5
5 35.6 1~2. 82.5 257. 46.6 67.7 263. 141. 66.3 34.5 17.3 Il.5

6 31.8 114. 7~.7 233. 46.6 71.0 269. 133. 63.8 33.2 17.3 Il.5
7 30.1 111. 7C.9 254. 45.9 126. 262. 142. 62.2 32.0 16.8 Il.5
8 28.0 134. 88.4 20é. 45.1 115. 250. 162. 68.1 30.7 16.3 Il.1
9 25.8 221. 109. 171. 44.4 104. 231. 210. 71.4 30.4 15.7 Il.1

10 24.1 267. 239. 138. 43.7 g3.0 236. 208. 70.3 29.8 15.1 Il.1

Il 22.8 267. 179. !89. 43.0 86.5 264. 212. 63.7 29.2 15.2 Il.1
12 21.7 242. 157. 22'0. 41.6 79.S 279. 267. 57.6 28.6 14.6 Il.1
13 20.7 300. 141. 225. 41.6 75.4 248. 241. 53.3 28.3 14.6 Il.1
14 20.0 20 1. 121. 162. 40.9 71. a 238. 20 8. 48 •.5 28.0 14.1 13.5
15 19.5 1é5. 110. 13~. 40.2 75. S 1-;7. 226. 45.1 27.4 13.5 25.4

16 20.9 139. 9~.1 132. 38.8 79.2 184. 264. 42.6 26.8 13.5 19.7
17 60 .0 123. 78.G 118. 37.1 q2. 1 168. 205. 40.9 26.8 13.5 20.1
18 212. 123. 6S.0 10é. 36.5 86.8 216. 1 73. 38.1 26.3 13.0 19.5
19 275. 109. 62.0 89.0 35.5 97.6 250. 1 74. 36.8 26.3 13.0 20.0
20 283. 94.3 5<;.7 80.0 34.8 92.0 250. 14 7 • 36.8 25.7 13.0 21.2

21 182. 82.2 5~.4 71.6 33.2 q3.4 212. 126. 35.5 25.1 12.5 26.2
22 159. 01.9 55.3 64.7 32.3 104. 201. 115. 33.5 25.1 12.5 23.8
23 1.3 9. 120. 63.1 H.O 31.6 130. 167. 105. 32.<1 24.5 12.5 53.8
24 128. 137. 73.0 58.8 ~1.6 155. 226. 99.8 32.9 24.0 12.5 55.0
25 118. 154. B1.7 57.2 33.5 240. 280. 95.3 32.3 23.4 12.0 57.0

26 178. 161. °3.0 55.6 56.4 214. 273. 85.5 32.9 22.8 12.0 55.6
27 286. 21b. le7. ~4.7 ~4.9 210. 269. 83.6 30.4 22.3 12.0 57.9
28 386. 101. '.05. :3.3 77.5 193. 274. 78.3 28.0 21.7 12.0 56.1
29 257. 179. 51 .8 33,,·5 183. 237. 7e.3 27.4: 21.7 11.5 50.1
30 217. lE c;. 50.5 8.9.4 222. 262. 67.2 26.3 21.2 11.5 43.7
31 19Lo. 49.3 206.• 210. 25.7 11.5 37.8

AVE 102. IE7. lCI3. 160. 46.3 119. 240. 160. 47.4 32.6 14.5 25.9

MEAN ~NNUAL DISCHARGE 104. M3/S



ST~TION : ETHIOPI~

NUMBER : 13280115

WABl SHEeELLE WABl SHEBELLE HAMERO HEDAD

~VER~(E DAIlY DISCHARGES 197~·lÇ71 (M3/SJ

fE8R MARC APF 1 MAY JUNE JULY AUGU SEPT OCTO NOVE OECE JANU

1 32.8 37.4 83.4 91.9 17.6 167. 213. 218. 142. 21.2 13.5
2 29.7 33.5 72.9 109. 18.6 168. 219. 181. 128. 20.6 13.5
3 27.7 61.3 64.8 79.7 17.5 172. 282. 161. 109. 20.6 13.0
4 27.4 46.2 62.6 127. 18.0 167. 301. 147. 92.2 20.0 13.0
5 26.9 :37 .1 5<;.0 125. 18.7 16(j. 235. 127. 79.7 20.0 13.5

6 24.9 64.8 56.7 150. 21.2 20.1 298. 206. 110. 71.7 19.5 13.5
7 23.8 ] 13. 62.7 192. 20.0 26.8 285. 212. 102. 65.1 19.5 14.6
8 21.8 98.1 63.3 164. 27.6 252. 2.09. 146. 59.2 19.5 14.6
9 20.4 82.6 5E.? 143. 29.6 248. 220. 187. 54.0 19.0 15.2

10 19.3 139. SE.6 121. 32.9 250. 251. 178. 49.8 18.4 14.6

11 18.5 130. 74.1 C;5.1 36.5 280. 270. 164. 45.9 18.4 14.1
12 17.4' 10l. 71.3 71.6 37.5 318. 213 1 • 180. 42.4 18.4 13.5
13 16.5 100. 80.2 77.4 36.g 358. 284. 147. 39.3 17.9 13.0
14 16.0 102. 87.5 72.4 24.0 34.2 350. 288. 126. 37.2 17.9 12.5
15 15.7 278. lU.• t:8.6 24.5 37.é 3 <;)6. 276. 106. 36.0 17.3 12.5

16 15.2 488. 186. 79.3 26.0 40.8 143. 258. 95.1 34.5 17.3 12.5
17 14.9 677. 330. 75.7 23.2 6<3.7 354. 249. IIÇ. 33.1 16.8 12.5
18 14.6 647. 248. 63.7 22.2 101. 535. 193. 99.2 31.9 16.8 12-.5
19 14.6 551. 206. 57.6 22.0 92.0 441. 165. 99.7 30.8 16.8 12.5
20 13.8 360. 1 79. 50.5 22.6 139. 366. lq3. 110. 29.6 16.3 12.5

21 13.5 246. 168. 51.5 24.4 151. 462. 222. ~4.3 28.9 16.3 12.5
22 13.5 18 5. 142. 64.• 5 22.9 132. 550. 208. 96.3 28.1 15.7 12.0
23 13.5 147. 144. 51.2 21.7 115. 503. 192. 81.3 27.4 15.1 12.0
24 13.5 1~2. 132. 20.8 107. 388. 212. 85.6 26.5 15.2 12.0
25 13.5 le5. 181. 20.6 110. 324. 218. a5. 3 25.7 15.2 12.0

26 . 13.5 93.9 136. 20.0 127. 260 • 117. 99.5 24.9 15.2 12.0
27 13.5 88.6 117. la.5 194. 247. 164. 129. 23.9 14.6 12.0
28 14.5 90.2 125. 17.9 178. 278. 168. 176. 23.0 14.6 12.0
29 106. 124. 11.3 160. 315. 228. 137. 22.2 14.1 12.0
30 101. lce. 17.3 143. 305. 246. 127. 21.6 14.1 12.5
31 95.4 169. 279. 157. 13.5 12.5

AVE 18.6 178. 1·20. 81.3 22.6 78.7 317. 228. 132. 48.8 17.3 12.9

MEAN ~NNUAL DISCHARGE 105. M3/S



STA1ION : E1HI0PI~

NUMBER : 13280115

WABI SHE8ELLE WABI SHEBELLE HA~EPO HEDAD

~VER~GE CAILY CISCHARGES 1971-1<;72 (M3/S)

!-EeR MARC API< 1 MAY J UN E JUL y AUGU SE Pl ocra NOVE DECE JANU

1 12.0 8.t2 24.5 77.4 169.• 226. E3.7 56.6 33.2 22.3
2 12.0 8.62 29.2 68.8 145. 186. 89.9 49.8 32.0 22.3
3 12.0 8.26 31.8 66.E 131. 174. 96.6 44.8 31.6 22.3
4 12.0 8.26 27.8 68.3 115. 1<;5. 107. 41.0 31.6 . 22.3
5 11.5 8.26 33.3 73.7 102. 227. 113. 37.5 31.6 21.7

6 11.5 8.26 27.4 91.4 111. 231. 159. 35.1 31.6 21.7
7 11.5 8.26 39.9 11 t,. 219. 237. 219. 34.5 30.4 21.2
8 12.5 7.92 47.S 145. 252. 225. 219. 33.6 26.0 21.2
9 13.0 7.92 98.4 120. 2e3. lS8. 76.5 32.9 22.6 20.6

10 12.5 7.92 8:.0 100. 1130. 215. 163. 31.9 22.3 20.0

Il 12.0 7.°2 Sc;.7 ila. 178. 227. 148. 36.4 22.3 19.5
12 11 .5 7. S'2 ~ 1<t • ~ 44. 172. 215. 135. 42.8 22.3 19.5
, '::l. 11 • l 7.59 128. 42.3 13"7. 1 79. 190. 117. 39.6 22.6 19.5J. ..

14 11 .1 7.59 1 '13 • 42. 3 132. 11)<;. 163. 9q.3 43.1 22.6 19.5
15 10.6 7.5·~ 137. 45.4 127. U:5. 154. cn.1 67.0 22.3 19.5

16 10.6 7.59 114. 54.3 154. 209. 145. 76.3 274. 22.3 19.0
17 10.? 7.59 105. 82.3 133. ?16. 144. 70.9 338. 22.3 19.0
18 10.2 7.92 83.5 lca. 114. 203. 129. 74.5 204. 22.3 19.0
19 10.2 8.26 86.3 89.8 106. 249. 114. 80.5 142. 22.8 19.0
20 9.78 8.26 78.0 144. 133. 276. 108. 69.6 110. 22.8 19.0

21 9.78 R.t2 64.6 139. 174. 270. 103. c:o 0 88.7 22.8 19.0..; ' ..-'

22 9.78 8.99 64.4 100. 164. 242. <;7.4 54.1 73.5 22.8 19.0
23 9.38 9.82 SE.1 85.0 130. 300. 93. 7 5 9 .5 63.1 22.8 Ig.0
24 <;.38 10.4 55.3 E5.4 114. 266. 95.6 78.5 55.0 22.8 19.0
25 9.38 15.7 53.1 <;5.0 113 • 210. 94.4 67.9 49.0 22.8 19.0

26 8.99 53.2 49.7 Ill. 107. 203. <;5.6 61.7 46.6 22.8 19.0
27 8.99 75.8 46.6 115. 116. 20 s. 99.7 85.4 42.4 22.8 19.0
28 8.t2 37.4 118. 109. 258. 93.4 79.7 39.8 22.8 19.0
29 61.2 <;6.9 99.5 239. 81.9 79.1 37.5 22.8 19.0
30 35.5 102. 147. 210. 80.3 75.2 35.7 22.8 19.O
31 27.3 182. 206. 64.5 22.8 19.0

fJVE 10.8 16.3 70.1 11P,. 202. 155. 98.5 74.2 24.8 19.9



STAtiON: ETHIOPIA WABI SHEBELLE WABI SHEBELLE IMI

NUMBER : 13280118

~VEPAGE DAILY OISCHARGES 1969-1970 (M3/S)

FEBP M~RC API< 1 MAY JUNE JULY AUGU SEPT OCTO NOVE DECe JANU

1 251. 119. 172. 38.6 83.1 185. 19 S. 65.7 18.3 21.0 12.8
2 275. 1 ~4. 312. 38.6 81.3 183. 197. 71.3 150. 19.9 12.6
3 242. 135. 360. 38.6 72.5 220. 186. 62.1 130. 19.7 12.6
4 1<75. 113. 261. 33.6 64.6 282. 160. 60.2 68.4 18.7 12.6
5 153. 102. 20~. 38.6 59.3 239. 137. 60.4 42.2 18.3 12.6

6 126. 9:2.5 219. 38.6 58.8 240. 131. 67.9 32.0 17.4 12.6
7 118. 83.6 203. 37.2 69.5 249. 123. 76.7 27.6 17.'0 12.6
8 122. 78.3 22:2 • 35.4 128. 236. 136. 67.3 26.0 16.7 12.6
9 172. 82.0 175. 34.1 106. 225. 150. 63.0 25.3 16.5 12.4

10 219. 115. 158. 35.0 g7.3 225. 1 ~ 5. 71.1 25.8. 16.3 12.4

Il 257. 200. 219. 33.2 86.5 226. 186. 106. 24.0 16.0 12.4, .... 248. 157. 19 R. 33.4 80.0 250. 1 t; 4. 73.6 22.7 15.7 12.4LL

13 267. 145. 216. 33.1 73.0 247. 244. 57.1 21.9 15.5 12.4
14 235. 134. 204. 31.1 68.2 232. 201. 50.8 21.3 15.4 12.4
15 189. 116. 156. 34.0 63.9 215. 188. 46.4 20.3 15.1 12.6

16 1é3. lC8. 150. =1.2 70.2 188. 22«3. 42.3 19.7 14.9 14.2
17 140. 95.3 192. 28.6 75.2 172. 218. 48.3 19.0 14.8 18.6
18 129. 8e.9 182. 26.6 88.7 169. 180. 78.2 18.5 14.6 15.5
19 132. 73.1 108. 24.2 82.7 218. 161. 79.2 18.5 14.6 15.8
20 114. 66.1 SI .4 22.7 95.5 225. 159. 38.9 18.1 14.6 17.6

.d

21 103. 61.2 76.7 22.8 87.4 223. 135. 31.8 19.1 14.4 16.9
22 94.1 58.6 70.4 22.8 92.4 207. 121. 28.4 19.8 14.2 19.5
23 95.3 5f.6 H.8 21.4 101. 177. 111. 26.6 18.4 14.2 23.8
24 160. 57.1 53.5 21.0 133. 174. 103. 24.8 17.8 14.0 78.1
25 169. 66.1 48.0 20.6 165. 227. Ç8.3 24.7 17.6 14.0 64.8

26 192. 78.3 43.7 21.1 225. 254. <;3.2 25.9 19.3 14.0 54.4
27 157. 91.9 41.8 61..9 194. 241. 84.3 24.5 20.1 13.8 55.4
28 314. 187. 106. 40.4 72.3 191. 255. 82.2 22.3 22.1 13.4 54.5
29 260. 104. 40.0 72.5 l'65. 228. 78.3 20.7 21.8 13.0 55.5
30 220. 188. 39.5 18.1 181. 240. 70.2 22.7 21.8 12.8 47.6
31 192. 38.6 205. 219. 18.7 12.8 41.5

AVE 180. 1C6. 147. 36.2 108. 222. 152. 50.2 31.6 15.6 25.2



STATION ETHIOPIA WASI SHEB(:LLE WABI SHEBEllE IMI

NU MBER : 13 2 80 Il 8

,6VEP~GE CAIlY OISCHARGES 1970- 1971 (M3/S)

FE El< MARC APR I t-.1AY JUNE JUL y AUGU SE PT aCTe NeVE DFCE JANU

1 35.5 113. 87.3 105. 28.8 15.3 171. ,'Oc: 235. 155. 15.3 12.6
_.J .".

2 29.7 160. 75.1 111. 28.9 15.2 180. 198. 210. 135. 15.0 12.6
3 25.8 69.3 64.6 137. 26.,2 15. 5 166. 2<;0. 1 71. 128. 15.0 12.4
4 23.3 77.3 116. 130. 28.7 ~6.C 180. 394. 160. 11 o. 14.8 12.4
5 22.4 56.8 9~.5 21é. 2~.7 15.t 164. 2';7 • 138. Q4.0 14.8 12.4

6 21.8 37.3 73.2 167. 21. l lS.5 214. 229. 122. 80.9 14.6 12.4
7 20.7 6t.1 5e.5 231. 1<;.8 15. e 395. 201 • 109. 71.4 14.4 12.4
8 19.4 154. 56.3 225. 18.3 i8.0 289. 224. 99.7 62.5 14.4 12.4
9 18.4 118. 56.6 235. 17.6 24.1 257. 201. 153. 54.7 14.4 12.8

la 17.0 88.0 52.2 155. 16.9 22.6 303. 264. 178. 48.0 14.2 1.3.0

Il 16.3 168. 6C.7 171- lé.5 27.3 407. 312. 167. 42.5 14.2 13.0
12 15.4 122. 73.6 11 7. U:.2 31.4 363. 272. 159. 37.5 14.0 12.6
13 15.0 100. 80.9 134. 15.9 '35.3 422. 380. 1 71. 34.3 13.8 12.4
14 14.5 98.5 92.7 146. 19.8 35.3 391. 290. ·139. 31.2 13.8 12.4
15 14.3 121. 24t. 102. 18.8 31.8 394. 359. 122. 28.7 13.6 12.3

16 14.2 271. 247. 78.6 20.3 31.<; 430. 287. 113. 26.6 13.4 12.1
17 13.7 4é6. 276. 85.1 21. 3 36.2 386. 311. 105. 24.8 13.4 12.1
18 13.4 627. 311. 84.9 21.5 58.0 491. 226. 303. 23.2 13.0 11.9
19 13.3 594. 2é3. 76.4 lS.1 101. 465. 177. 184. 21.9 13.0 11.9
20 12.8 444. 258. é7.3 IS.0 91.8 333. 152. 191. 20.9 13.0 11.9

21 12.8 2<;5. 35é. 67.7 18.4 150. 308. 235. 188. 19.9 13.0 11.7
22 12.6 231. 194. 77.6 20.2 147. 385. 2C7. 152. 18.8 13.0 11.7
23 12.6 170. lLl,. 8S.1 1S.3 1. 34. 450. 19'3. 116. l8.5 12.8 Il.7
24 12.4 135. 147. é2.2 18.8 117. 319. 184. 97.2 17.8 12.8 Il.7
25 12.3 112. 1·27. 47.7 :7.6 115. 340. 2 a7. gO.2 17.3 12.6 11.7

26 12.4 98.0 241. 39.8 17.1 115. 321. 243. 141. 1':>.9 12.6 Il.9
27 12.4 E7.5 2C7. 33.8 lt.7 146. 284. 166. 125. ~6.5 12.6 Il.7
28 12.4 SC.6 120. ':'0. 9 16.2 214. 31°. 164. 1.44. J6.0 12.6 11.9
29 82.3 129. 30.2 15.8 183. 333. 186. 210. i5.7 12.6 11.9
30 99.4 1,1. 28.6 lS.6 156. 369. 261. 14) • 15.4 12.6 Il. 7
31 Q1.1 ..,Q l 151. 328. 126 • 12.6 Il.7~_. ,_- •.J

AVE J 7 .0 17~ • 148. le? 19.9 73.7 330. 249. 154. 46.8 13.6 12.2

MEAN ANNUAl crSCHARGE 113. M3/S



STATION : ETHIOPIA WABI SHEBEllE. WABI SHEBEllE I~1

AVERAGE CAIlY OISCHARGES

FEER MARC APR 1 MAY JUNE JUlY AUGU SEPT OCTO NOVE OECE JANU

1 11.7 10.6 2~.9 22.5 65.9 104. 207. 217. 84.0 74.4
2 Il.7 10.4 21.8 28.3 58.9 94.0 181. 20S. 85.6 65.4
3 1l.7 10.3 21.9 47.1 58.7 84.2 159. 178. 91.5 57.6
4 1l.6 10.3 29.9 117. 49.2 82.0 149. 171. 97.5 57.1
5 Il.6 10.3 65.9 98.5 57.9 84.5 132. 199. 112. 60.1

6 Il.6 10.3 50.7 513·. 38.8 87.2 119. 228. 126. 42.8
7 Il.6 10.3 32.0 168. 32.2 125. 158. 227. 179. 31.1
8 Il.4 10.1 . 7't.7 130. 29.1 140. 250. 230. 221. 35.0
q Il.6 10.1 5é.3 99.0 27.9 117. 238. 213. 262. 32.4

la 11.9 10.1 120. 159. 21.6 118. 188. 205. 201. 33.2

11 12.3 9.99 14O. 161. 30.9 115. 183. 236. 115. 34.1
12 12.1 9.99 1E5. 195. 34.0 138. 182. 229. 162. 30.1
13 Il.9 9.99 303. 151. 41.2 155. 172. 210. 164. 39.1
14 11.6 9.99 158. 126. 31.4 150. 182. 115. 137. 88.0
15 Il.6 9.99 229. 96.1 38.0 146. 171. 160. 116. 67.9

16 Il.4 9.99 138. S8.4 32.9 140. 177. 155. 107. 75.4
17 11.2 9.84 139. 106. 82.4 168. 230. 146. 89.3 211.
18 Il.1 9.84 106. 131. 162. 144. 201. 138. 82.9 240.
19 10.9 9.84 89.6 98.4 111. 128. 220. 123. 90.7 181.
20 11.1 9.99 90.4 . 101. 1~3. 119. 252. 116. 115. 150.

21 iO.9 9.99 81.2 78.3 138. 151. 279. 119. 96.8 122.
22 10.9 10.1 66.6 80.1 Ill. 194. 212. 107. 14.9 101.
23 10.7 10.2 5 e.o 70.5 96.6 170. 244. 101. 85 •.6 84.9
24 10.9 10.7 51.2 69.4 97.8 143. 291. 100. 181. 13.9
25 10.7 Il.0 46.3 13.5 1e7. 129. 248. 100. 132. 66.1

26 10.7 68.1 36.1 68.9 1e1. 129. 209. 97.0 95.8 58.1
21 10.'6 50.8 32.0 82.9 127. 124. 192. 97.0 83.4 54.0
28 10.6 82.0 27.0 103. 140. 132. 204. 100. 97.7 51.0
29 31.5 23.4 108. 118. 126. 249. cH.7 90.2 47.1
30 55.9 21.9 83.7 121. 121. 232. 85.4 89.6 44.2
31 31.6 12.9 169. 192. 85.1 13.0

A~E Il.3 18.9 84.1 114. 77.8 130. 205. 159. 123. 79.3



STATION: ETHIOPIA

NUMBER : 13280112

WABI SHEBELLE WABl SHE8ELLE GeDE

~VERAGE OAILY DISCHAPGES 1 967-1 c; 68 ( M3/S)

FEeR MARC APRI MAY JUNE JUL Y AUGU SEPT oeTO NOVE OECE JANU

1 84.3 222. 42.2
2 79.0 211. 41.3
3 74.4 188. 38.6
4 70.6 171. 37.7
5 337. 68.4 153. 37.7

6 307. 66.3 135. 36.9
7 387. 63.1 121. 36.9
8 441. 61.4 110. 36.0
9 481. 61.4 101. 35.2

10 508. 63.1 93.5 35.2

Il 527. 65.2 87.3 34.4
12 597 • 95.0 83.7 33.6
13

....
513. 75.5 104. 33.6

14 551. 210. 78.4 33.6
15 522. 436. 77.8 32.8

16 402. 428. 76.7 32.0
17 319. 407. 75.5 32.0
18 293. 382. 73.9 31.2
19 263. 354. 71.7 30.5
20 237. 335. 68.4 30.5

21 213. 575. 65.3 29.7
22 190. 324. 60.9 29.0
23 172. 266. 56.0 27.5
24 163. 396. 52.8 28.2
25 148. 353. 48.8 27.5

26 139. :no. 46.4 27.5
27 126. 340. 45.4 27.5
28 117. 286. 44.9 27.5
29 107. 278. 44.0 27.5
30 99.4 267. 43.5 26.7
31 90.4 42.6 26.7

A~E 311- 231. 92.1 32.5

)



STATION: ETHIOPIA

NUMEER : 13280112

WAHl 5HEBELlE WABI SHEBELLE GOOE

AVERAGE OAILY DISCHARGES 1968-1969 (M3/5)

FE ER ,..ARC APF 1 MAY JUNE JUL 't AUGU SEPT OCTD NOVE OECE JANU

1 25.6 24t. 515. 103. 81.0 147. 116. 102. 65.9 81.1 11.6
2 25.2 213. 460. 91.4 90.2 164. 160. 111. 54.8 81.1 17.0
3 24.5 221. 42<;. <;4.8 91.5 208. 146. 105. 46.5 80.5 11.0
4 24.5 204. 460. 115. 102. 215. 131. 107. 42.2 11.1 17.0
5 23.8 247. 461. 149. 92.9 221. 119. 152. 38.6 64.9 11.0

6 23.5 211. 70.0 3~3. 163. 86.1 194. 105. 136. 35.9 58.0 22.4
1 23.1 191. 291. 1~2. IB.1 217. «;5.0 122. 33.7 52.8 23.5
8 22.4 161. 110. 263. 214. 78.4 190. «;0.8 125. 32.3 49.8 22.1
<; 21.8 147. 241. 251. 180. 76.5 174. 94.3 122. 31.0 45.6 20.5

10 21.8 125. 3CO. 211. 1t:3. 80.1 176. 107. 142. 29.6 42.2 19.6

Il 22.1 110. 327. 198. 1t::l. 111.. 174. <;7.4 155. 27.5 40.4 19.3
12 22.1 <;7.4 338. 249. 161. 126. 179. 114. 146. 25.1 41.6 18.7
13 22.4 88.5 439. 2U:. 142. 120. 202. 132. 128. 24.2 42.5 19.9
14 22.4 81.3 484. 176. 117. 126. 203. 146. 109. 23.4 40.1 21.8
15 22.8 93.7 494. 165. 106. 132. 217. 139. 106. 23.6 37.2 23.5

16 25.3 180. 513. 162. <;5.5 120. 221. 134. 10-1. 23.5 34.9 23.1
17 ?3.6 160. 462. 161. 92.3 107 ~ 2.. 3. 13 B. 83.8 30.9 31.6 22.4
18 32.8 130. 474. 160. 92. '9 98.9 266. 161. 72.6 43.2 30.1 21.8
19 32.8 114. 549. 158. 101. 96.3 268. 194. 72.4 75.9 28.6 20.8
20 32.0 98.7 509. 158. 93.6 93.7 284. 187. 62.7 72.2 27.1 20.2

21 '?2.0 4ï6. 156. 83.7 113. 273. 168. 57.2 g3.1 24.9 19.0
22 31.2 477. 163. 82.5 124. 247. 171. 57.4 67.4 23.8 17.8
23 31.2 515. 1<13. 80.1 111. 261. 172. 91.3 89.3 23.1 17.0
24 30.5 54é. 172. 74.4 104. 267. 175. 104. 102. 23.1 17.6
25 30.8 582. 160. 77.2 97.6 272. 151. 79.6 175. 23.1 17.8

26 31.2 517. 142. 7<;.5 97.0 224. 139. 63.1 167. 21.5 16.8
27 354. 549. 165. 79.5 95.0 195. 126. 62.2 183. 20.2 15.7
28 295. ~ 556. 148. 13.3 112. 171. 113. 5A.8 130. 19.9 15.7
29 377. ,551. 132. 10.0 115. 164. 103. 66.5 102. 19.3 16.0
30 537. 120. 68.4 125. 1 75. ' ~6. 9 92.3 87.5 18.7 16.0
31 111. 125. 1 75. 61.2 18.1 18.5

AVE 59.2 232. 112. 104 •. 213. 136. 99.0 65.5 39.6 19.1



STATION: ETHIOPIA WABI S~E8EllE WABI SHEBELlE GODE

NUP4eER 13280112

~VER~(E OAIlY DISCHARGES 1969-1970 013/S)

fEEf' MARC APR 1 MAY ·JUNE JUl y AUGU SE PT ocra NOVE DECE JANU

1 19.7 171. 213. 92.9 42.3 71.<; 1 76. 234. 81.5 32.0 16.8 9.66
2 16.9 327. 189. 165. 38.9 70.8 199. 212. 79.0 30.0 18.1 9.66
C2 16.~ ?39. 1 74. 219. 38.6 73.~ 182. 201. 13.0 39.3 19.8 9.66..
4 20.6 348. 150. 352. 43.1 77.4 179. 199. 68.8 254. 19.5 9.27
5 21.1 284. 130. 463. 43.8 76.9 228. un. r1.1 278. 19.1 9.27

6 21.0 207. 111. 386. 42.3 70.6 263. 163. 68.8 109. 18.6 9.27
7 24.8 161. 96.8 28Ç. 40.8 64.7 239. 142. 64.8 70.9 17.7 8.88
8 28.4 135. 85.1 248. 41.1 61.0 ' 231. 131. 105. 56.4 17.3 8.88
9 29.1 124. 75.6 250. 40.4 59.9 241. 128. 154. 45.0 16.5 8.50

10 28.1 112. 69.2 241. 41.3 91.1 231. 12S. 128. 36.8 15.1 8.50

Il 24.9 180. 65.3 190. 42.0 108. 220. 151. 86.6 32.0 15.2 8.50
12 ,1.8 235. 117. 183. 41.0 95.5 214. 191. 11.3 28.8 14.8 8.50
13 20.1 2t5. 185. 2r 5. 40.1 96.9 223. 191. 78.8 27.1 14.3 8.50
14 18.4 257. 150. 241. 3<;.3 81.7 251. 200. 98.8 26.4 14.0 8.13
15 16.6 280. 139. 231. 38.2 75.7 239. 234. 75.1 25.1 13.6 8.13

16 15.4 223. 125. 199. 37.7 71.3 228. 2C4. 67.7 23.7 13.2 8.13
17 14.4 181. 109. 169. 31,5 67.7 203. 193. 57.8 22.2 13.1 8.13
lB 13.5 153. ICa. 244. 36.2 64.4 185. 22~. 55.9 21.7 12.7 7.89
19 12.8 131 • 8S.4 216. 36.7 66.7 170. 217. 52.5 20.6 12.4 7.77
20 12.3 114. 81.1 156. 36.6 73.2 185. 185. 63.2 20.1 12.2 7.77

21 65.4 117. 75.0 115. 34.5 83.1 212. 167. 104. 19.1 11. a 9.34
22 231. 107. 65.5 91.5 32.8 79.7 220. 164. 77.4 18.2 11.7 16.2
23 207. 99.8 59.9 79.9 30.3 88.1 213. 143. 51.5 17.7 11.5 15.7
24 156. 90.2 56.0 72.6 28.5 83.7 200. 126. 44.6 17.0 11.3 15.0
25 139. 82.7 52.7 (;6.-3 27.5 89.5 l 75. 115. 41.0 16.1 11.2 15.4

26 117. 130. 50.5 59. ·9 27.5 112. 170. 106. 41.0 16.8 10.8 15.1
21 107. 164. 52.8 54.7 26.4 166. 222. ça.3 3q.5 17.8 10.5 25.1
28 97.9 175. 60.5 50.6 24.'3 203. 242. 95.7 37.5 16.5 10.5 60.1
29 154. 6E.5 48.0 24.4 189. 238. 91.0 38.2 15.5 10.3 53.2
30 234. 84.0 50.8 38.9 182. 250. 83.5 37.7 15.2 10.1 51.8
31 243. 47.1 162. 221. 35.4 9.86 50.3

AVE 54.2 188. 103. 17S. 36.4 95.1 215. 164. 69.3 45.6 14.0 16.1

MEAN ANNUAl OISCHARGE 98.8 M3/S



STATION: ETHIOPIA

NU~BER : 13280112

wASl SHEBEllE WABl SHEBELlE GODE

AVE~AGE (AllY DISCHARGES 1970-1971 (M3/S)

FEER MAI<C APR 1 ' MAY JUNE JUl y AUGU SEPT ocra "NOVE DECE JANU

1 51.3 9.27 89.1 141. 44.0 18.1 152. 311. 188. 163. 26.0 13.1
2 50.8 9.07 99.6 139. 38.6 17.6 141. 282. 237. 138. 24.5 13.1
3 45.7 113. 93.1 119. 3t.5 16.2 161. 243. 229. 157. 23.8 13.'1
4 40.8 178. 88.9 no. 34.8 15.5 162. 224. 215. 146. 23.1 12.6
5 36.3 96.3 99.3 138. 34.4 15.0 ,165. 262. ,184. 136. 21.8 12.6

6 32.3 67.2 ' 104. 17~. 3.4.8 15.0 169. 30Q. 171. 121. 21.8 12.2
7 28.6 71 .. 1 106. 229. 32.0 15.. 0 161. 267. 152. 105. 21.1 12.2
8 25.6 55.6 95.3 231. 32.4 15.2 203. 230. 136. 92.9 20.5 11.7
9 23.9 42.2 8C.7 265. 32.4 15.2 289. 216. 123. 84.5 19.9 Il.7

10 23.2 96.4 79.9 216. 29.3 14.5 255. 223. i13. 78.2 19.3 Il.7

Il 22.8 129. 68.5 237. 25.2 15.0 227. 212. 142. 72.0 19.3 Il.7
12 21.3 89.5 6€.0 180. 23.5 15.5 239. 237. 188. 67.0 19.3 Il.7
13 20.0 129. 86.1 174. 21.8 17.3 252. 263. 181. 61.4 19.3 Il.7
14 18.5 131. '80.7 130. 20.8 22.5 28,6. 260. 177. 55.8 18.7 Il.7
.15 17.1 100. 116. 143. 19.6 24.9 3i5 • 296. 182. 52.7 18.1 Il.7

16 16.1 126. 147. 157. 18.4 28.2 324. 273. 157. 49.1 17.6 Il.7
17 15.2 128. 321. 127. 17.8 31.5 355. 283. 139. 46.9 17.0 Il.7
18 14.3 341. 3e7. ÇS.7 16.5 33.6 349. '256. 129. 44.0 16.5 Il.7
19 13.6 455. 324. 83.3 20.8 33.9 335. 263. 226. 42.2 16.5 Il.7
20 13.1 45 ~. 303. E7.3 20.8 32.0 406. ,223. 321. 38.6 16.0 Il.3

21 12.4 513. 303. E5.5 21. 5 35.4 442. 194. 238. 38.6 15.5 11.3
22 Il'.9 471. 5C:2. 77.7 22.8 79.2 391. 176. 211. 36.9 15.5 Il.3
23 Il.3 325. 5:3. 70.1 22.8 lOg. 399. 218. 195. 35.2 15.0 Il.3
24 11.0 233. 3~7. ~8.3 20.8 140. 464. 213. 178. 33.6 15.0 10.9
25 10.5 183. 480. 14.2 20.5 125. 484. 208. 145. 32.4 14.5 10.5

26 10.5 152. 30 a. 82.3 19.9 112. 436. 202. 116. 30.8 14.5 10.5
27 9.86 127. 23é. 63.3 21.1 102. 368. 279. 122. 29.0 14.0 10.1
28 9.33 110. 2c;8 .. 57.6 21.1 104. 308. 258. 202. 27.9 14.0 10.1
2q 100. 229. é4.1 20.8 123. 266. 193. 177. 26.7 13.6 10.1
3,0 91.2 1~~. :3.8 lE.4 uw. 284. 180. 189. 26.0 13.6 10.1
31 87.3 44.9 169. 310. 203. 13.1 10.1

AVE 22.0 170. 207. 126. 25.5 54.6 294. 242. 180. 68.9 18.0 Il.5

MEAN ANNUAl DlSCHARGE 119. M3/S



ST~TION

NUMBER

ETHIOPI~

13280112

WABI SHEBELLE WABl SHE8ELLE GGDE

~VERA"GE CAILY DISCHARGES 1971-1912 (M3/SJ

fEER M~~C APR 1 MAY JUNE JULY AUGU SEPT OCTO NOVE oeCE JANU

1 10.1 6.72 50.4 42.2 ~1.3 124. 108. 231. <;8.7 85.5 53.9 14.5
2 9.66 6.39 42.2 150. 81.7 109. 138. 203. 92.1 83.1 50.8 14.3
3 9.66 6.07 51.8 ~2.3 14.8 112. 180. 220. 86.7 82.5 47.8 14.0
4 9.66 6.07 45.3 46.0 69.3 95.5 169. 20Q. 86.9 79.0 44.9 14.0
5 9.66 6.01 37.9 106. éS.3 83.1 151. 187. yOO. 79.0 42.2 15.2

6 9.27 5.75 3C.8 131. é2.5 80.1 139. 187. 108. 74.5 38.6 17.0
7 9.66 5.15 29.1 241. 61.2 79.0 124. 209. 120. 65.3 31.7 19.3
8 9.66 5.15 46.9 400. 61.2 81.3 Ill. 227. 127. 64.2 36.9 18.4
9 9.66 5.44 77.9 240. 57.3 97.9 125. 231. 177. 54.4 36.9 18.1

10 9.27 5.14 51.3 160. 47.5 154. 222. 229. 227. 47.3 36.0 18.7

Il 9.21 5.14 61.5 123. 42.6 127. 223. 212. 249. 44.5 36. 0 ~ 17.3
12 8.88 4.85 84.3 158. 39.9 112. 186. 211. 203. 43.5 34.4 16.2
13 8.88 4.85 131. 179. 37.7 123. 177. 239. 178. 42.2 30.5 15.2
14 8.50 4.85 195. 198. 38.2 126. 175. 229. 167. 39.9 29.0 14.8
15 8.50 4.85 23t. 166. 39.9 163. 168. 211. 166. 40.8 27.5 14.5

16 8.88 4.85 169. 148. 42.6 150. 174. 1 S5. 143. 42.7 25.2 14.5
17 10.1 4.56 191. 112. 47.3 146. 167. 171. 123. 74.4 23.8 14.5
18 9.66 4.28 144. ~9.4 46.4 142. 171. 162. 109. 88.3 22.4 14.5
19 8.88 4.28 138. lO6~ 44.5 152. 215. 150. 98.8 265. 21.1 14.5
20 8.50 4.28 124. 146. 126. 151. 203. 147. 87.3 248. 21.1 13.6

21 8.13 4.28 96.0 lOg. 132. 127. 211. 132. a7.7 192. 19.9 12.6
22 8.13 4.28 88.5 102. 116. 11q. 244. 120. 124. 154. 19.9 12.2
23 7.77 4.15 9<;.3 99.0 142. 118. 266. 121. 131. 126. 18.7 Il.7
24 1.41 4.01 80.4 83.5 115. 171. 266. 116. 121. 107. 18.1 Il.7
25 1.41 4.01 71.1 85.5 <; 8. 1 162. 253. 105. 157. 91.5 17.6 Il.3

26 1.06 4.01 65.5 17.6 98.1 13 7 • 269. 100. 197. 80.1 17.0 10.9
27 6.72 4.01 62.9 75.7 Ill. 124. 242. 102. 148. 73.3 16.5 10.5
28 6.72 4.01 57.8 79 • .5 123. 118. 214. ~ 8.1 108. 66.9 16.0 10.5
29 4.01 53.9 76.7 123. 113. 201. 91.0 85.5 60.9 16.0 10.5
30 27.7 4E.7 88.2 126. 117. 216. ç 8.3 96.1 57.0 15.5 10.5
31 63.2 111. 118. 246. 94.2 15.0 10.1

AVE 8.77 7.54 88.6 129. 78.9 124. 192. 1 71. 132. 88.4 28.6 14.1

MEAN ~NNUAL OISCHARGE 89.0 M3/S



ST#\TION ': ETHIOFIA WABI SHE8ELlE WABI SHEBEllE KElAFO

Nu~eER : 13280121

~VERA(E OAIlY OISCHARGES 1967-1968 o-13/S)

f Eel< MARC APR 1 MAY JUNE J.ULY AUGU SE PT ocra NOVE OECE JANU

1 42.5
2 40.8
3 39.2
4 38.1
5 ~ 37.0

6 37.5
7 35.4
8 34.3
Ci 32.8

10 32.8

11 ~2.2

12 31.7
13 31.7
14 30.7
15 97~5 29.7

16 90.0 28.7
17 82.6 27.7
18 79.0 27.3
19 75.5 26.8
20 72.0 26.4

21 68.6 26.4
22 65.2 25.9
23 62.0 25.5
24 58.7 25.1
25 55.6 24.7

26 53.7 24.7
27 52.5 24.3
?8 49.5 23.8
29 48.3 23.4
30 46.5 22.6
31 43.1

AVE 30.1



STATION:

NUMBEP

ETHIDPIA

132 8C 12 l

wABI SHE~ELLE WABI SHEBELLE KElAFO

AVf.RACE OAILY DI5CHARGES 19t8-1969 ("13/S)

FEER ~APC APP 1 r-1AY JUNE JUL y AUGU SE PT ncro NOVE DECE JANU

1 16.0
2 15.3
3 15.0
4 14.• 4
5 14.4

6 14.4
7 14.4
8 20.7
9 20.5

10 162. 20.1

11 139. 18.3
12 1.6.8
13 16.7
14 16.7
15 18.8 18.4

16 20.9
11 25.5 21.4
18 32.8 21.0
19 32.2 19.5
20 31.2 18.8

21 30.2 l~.t

22 29.7 20.7
23 28.7 19.5
24 ::0.2 19.8
25 30.2 18.4

26 29.7 1 5.7
27 2q.7 15.3
28 162. 14.7
29 14.1
30 13.7
31 19.5 14.1

AVE: 17.3



ST~lION : ETHIOPIA WA81 SHEBEllE WABI SHEBEllE KElAF 0

~UMeE~ : 13280121

AVE~AGE OAIlY CISCHARGES

fEe~ MAPC APP 1 MAY JUNE JUl y AUGU SE PT ceTe NOVE Ul::l.t JANU

1 14.1 133. 228. e8.4 ~~.l 17.<; H3. 2C 5. E... 1 33.2 16.7 9.46
2 14.5 202. 203~ 142. 46.5 69.9 180. ~24. 81.3 29.3 17.7 9.46
3 15.8 294. 188. 171. 41.7 72.7 190. 1<;4. 78.0 26.9 17.1 9.23
4 14.7 294. 177. 227. 38.9 74.1 IB8. 1 <; 5. 70.6 52.6 18.7 9.00
5 15.7 298. 15e; • 298. 4C.3 75.1 174. 189. 66.3 252. 19.6 9.00

6 17.3 291. 125. 306. 42.0 73.7 179. 1 77. 61.7 2 t'O. 18.9 8.77
7 19.Z 198. lZ·3. 295. 42.0 65.9 240. 161. 65.4 127. 18.3 8.55
8 20.1 189. lC8. . 269. 38.9 61.C 237. 144. 63.6 75.4 17.8 8.55
9 23.4 147-. 99.0 248. 37.8 57.2 215. 138. 101. 56.6 17.1 8.55

10 26.0 140. 91.9 254. 31.0 55.<; 222. 132. 151. 46.5 16.4 8.32

Il 26.6 137. 89.2 234. 36.7 97.5 219. 138. 116. 45.1 15.9 8.10
12 23.8 198. 112. 190. 38.6 107. 203. 158. 83.6 34.5 15.0 8.10
13 20.5 250. 178. 203. 36.7 104. 203. 181. 70.9 30.9 14.1 8.10
+4 17.9 258. 160. 264. 37.5 76.9 217. 180. 83.1 28.5 14.0 1.89
15 16.3 2!:3. 155. 241. 35.1 78.3 241. 202. 91.2 27.6 14.0 7.89

16 15.2 286. 154. 22;. 34.3 73.0 216. 213. 71.2 26.1 13.5 7.89
17 14.Z 206. 133. 190. 32.5 68.2 217. 189. 64.7 25.8 13.2 7.67
18 12.4 180. 130. 192. 32.5 65.2 189. 184. 54.9 24.3 12.7 7.67
19 11.4 1~1. 109. 236. 3.1.7 60 •.3 182. 216. 51.1 23.0 12.4 7.67
20 10 .6 144. 97.5 203. 31.5 62.0 166. 192. 48.7 22.3 12.2 7.46

21 13.7 132. 87.0 158. 30.7 69.6 169. 1 71. 70.0 21.4 Il.9 1.46
22 18.8 129. 77.9 133. 28.9 79.0 211. 162. 120. 21.1 U.• 7 7.26
23 220. 123. 69.9 112. 26.8 87.C 209. 156. 10.5 19 • .13 li.4 7.26
24 1<;7. 118. 63.3 <;8.6 24.5 84.4 203. 138. 50.6 1 S. 2 10.9 10.8
25 158. 107. 56.9 87.8 22.4 82.2 189. 123. 42.8 18.3 Il. 4 15.3

26 150. 99.7 54.4 79.7 21.2 89.2 167. 114. 39.8 18.0 10.9 13.3
27 131. 155. 53.4 69.9 20.7 118. 1 75~ 106. 42.6 11.1 10.7 13.5
28 120. 170. 52.5 !:3.6 21.2 170~ 221. 96.~ 43.6 18.3 10.4 15.0
29 175. 59.7 57.8 19.2 181. 227. <;6.4 37.2 IB.3 10.2 40.5
30 222. 68.9 54.1 18.6 1 73. 22!:. 90.5 35.6 :6.5 Q.94 43.5
31 241. 56.2 l 71. 236. 34.5 9.70 44.2

AVE 48.5 191. 115. 176. 33.3 A7.8 202. 162. 6q.5 46.2 14.0 12.4

MEAN ANNU~l DISCHARGE <;6.9 1'1'3/5



ST,/lT ION ETHIOPIA WAB 1 SHE BEII E WAB 1 SHE BELLE. KElAFO

~UMeER : 13280121

~VERAfE CAllY DISCHARGES

FEeR MAPC APR 1 MAV JUNE JUl y AUGU SEPT OCTO NOVe oece JANU

1 45.0 7.67 8~.0 170. 40.9 16.E 153. 281. 165. 163. 21.9 10.6
2 45.5 7.57 90.4 155. 39.3 16.1 134. 281. 118. 141. 21.2 10.6
3 45.5 7.26 91.0 144. 34.5 15. '5 132. 268. 206. 122. 20.6 10.3
4 44.7 94.6 93.1 125. 31.4 15.2 140. 231. 196. 141. 19.9 10.1
5 40.5 127. 81.3 118. 30.1 14.4 146. 214. 119. 125. 19.3 9.82

6 32.5 80.6 91.7 223. 28.6 13.<; 148. 256. 165. 124. 19.6 9.58
7 28.3 59.4 104. 185. 28.4 13.5 150. 274. 153. 109. 19.0 9.58
8 25.4 61.2 100. 197. 27.3 13.5 142. 237. 138. 96.8 18.3 9.58
9 22.7 48.3 93.6. 231. 26.7 13.1 205. 206. 123. 82.4 18.0 9.58

la 21.9 38.2 81.9 221. 27.6 13.5 244. 197. 110. 74.2 17.4 9.34

11 19.6 92.7 83.4 206. 25.4 13.3 222. 199. 104. 68.8 16.8 9.34
12 19.3 101. 68.6 204. 22.7 12.~ 208. 191. 144. 62.4 16.2 9.34
13 18.3 74.6 66.2 116. 20.7 13.1 212. 220. 162. 56.6 15.9 9~34

14 16.9 122. 7é.7 159. 19.3 13.7 233. 237. 157. 52.7 15.3 9.10
15 16.1 104. 73.3 133. 18.1 16.4 269. 242. 158. 49.0 15.0 9.58

16 14.8 90.2 110. 139. 17.4 19.8 291. 259. 155. 45.5 14.7 9.58
17 13.7 114. 152. 158. 16.4 21.7 2<;-5. 257. 138. 41.4 14.4 9.58
18 12.9 145. 292. 115. 15.8 24.5 303. 251. 122. 38.4 13.8 10.1
19 12.3 294. 282. 96.1 15.2 27.5 299. 230. 140. 36.5 13.5 9.58
20 Il.5 299. 308. eb.2 15.9 28. é 299. 230. 202. 33.9 13.5 9.58

21 10.1 300. 294. e6.9 18.0 27.8 ~ 12. 193. 283. 32.6 13.3 9.34
22 10.3 295. 311. e2.1 18.1 27.5 308. 173. 190. 30.9 12.7 9.10
23 <;.94 288. 321. 14.8 19.2 58.0 2Q 9. 168. 187. 29.3 12.1 8.63
24 9.35 261. 321. t;7.4 19.8 96.3 308. 198. 163. 21.8 12.1 8.63
25 9.00 213. 31t. 65.1 18.7 115. :n 1. 190. 161. 26.7 11.9 8.40

26 8.66 176. 318. 71.4 17.7 110. 312. 182. 123. 25.3 11.9 8.18
27 8.21 152. 290. 74.5 17.4 102. 304. 188. 108. 24.2 11.6 8.18
28 8.00 130. 272. 63.0 17.7 91.6 288. 261. 124. . 22.8 Il.3 7.95
29 115. 277. 53.8 18.6 90.9 261. 206. 173. 22.5 11.1 7.73
30 . 103. 212 • 58.6 18.0 119. 247. 172. 149. , 21.9 10.6 7.13
31 93.9 50.9 155. 264. 180. 10.6 7.73

AV E 20.7 132. 17'1. 129. 22.8 42.': 240. 223. 159. 64.2 15.3 9.22

~EAN ~NNUAl OISCHARGE 104. M3/S



STATION: ETHIOPIA WABI SHEBEllE WABl SHEBELLE . KElAFO

NUMBEP : 13280121

~VERAGE OAllY DISCHARGE5 1'111-1 <;12 (H3/5)

FEBP MARC APR 1 HAY JUNE JUL y AUGU SEPT OCTe NOVE OECE JA~U

1 1.51 5.31 40.0 41.7 9.0.0 99.6 Çl.<J 1Ç 8. 81.1 71.6 45.7 Il.6
2 7.51 5.13 46.4 103. 80.2 93.3 91.6 188. 79.8 68.1 43.4 11.4
3 7.51 5.13 31.1 13~ • 6f.2 88.3 124. 176. 13.9 67.3 40.0 II.2
"t 7.51 5.13 40.0 57.3 62.4 88.0 152. 119. 70.4 65.9 37.3 10.9
5 7.51 4.95 40.5 46.4 58.6 75.8 144. 112. 71.5 64.8 34.5 Il.2

6 1.51 4.60 34.6 106. 54.7 70.1 130. 161. 82.7 65.9 32.2 Il .. 4
1 7.30 4.60 28.1 131. 53.1 65.7 116. 161. 88.0 59.4 30.0 Il.6
8 1.30 4.60 25.1 230. 51.3 62.9 106. 119. 91.5 53.6 28.7 13.7
9 1.30 4.60 32.1 283. 4<;.0 63.2 <;5.8 186. 105. 50.5 26.7 14.5

1() 7.30 4.43 5Ç.2 205. 48.0 78.2 126. 190. 156. 1+1.5 26.4 13.8

Il 7.09 4.26 49.0 149. 31.5 105. 186. 190. 185. 38.7 26.2 13.5
12 1.09 4.26 49.3 119. 34.3 92.7 175. 171. 193. 34.6 25.5 13.2
13 6.E8 4.26 16.6 155. 31.8 A8.3 155. 181. 166. 32.6 24.9 13.0
14 6.88 4.09 114. 158. 30.6 90.l: 152. 198. 150. 32.0 24.0 12.5
15 6.88 4.09 171. 16l:. 30.6 97. c; 149. 186. 144. 31.8 22.1 11.7

16 6.41 3.17 117. 136. 31.1 12.1 • 149. 173. 138. 31.3 20.8 11.6
17 ·6.27 3.61 156. 122. 32.4 118. 150. 161. 121. 35.1 19.1 Il.6
18 6.88 3.53 128. q9.6 36.6 117. 144. 149. 102. 56.8 18.6 11.4
19 1.51 3.46 124. 88.6 35.8 114. 150. 144. 92.0 99.6 18.1 Il.2
20 1.30 3.31 103. 99.2 35.0 128. 176. 133. 81.8 205. 17.0 10.9

21 1.30 3.23 86.0 121. 103. 115. 112. 125. 11.5 189. 16.3 10.7
22 6.67 3.16 82.1 92.3. 91.1 100. 184. 114. 72.7 159. 15.1 10.3
23 6.27 3.01 79.5 89.6 104. 95.1 206. 109. 101. 131. 15.0 9.94
24 6.07 3.01 71.9 80.8 103. 112. 219. 106. 102. 101. 14.5 9.55
25 5.88 3.01 6e.l 72.7 88.3 150. 218. qe.2 157. 91.0 14.2 9.37

26 5.69 3.01 65.7 12.7 '75.5 136. 221. el.3 170. 77.0 13.5 9.18
21 5.50 3.01 51.0 64.8 15.8 116. 217. 84.1 157. 67.6 12.7 9.00
28 5.31 3.01 5é.8 ~4.J 73.6 102. 1<'1. 85.3 130. 60.5 12.5 9.00
29 3.08 50.5 66.8 81.4 101. 179. 81.7 95.2 51.8 12.0 8.82
30 3.22 46.2 é3.2 81.7 98.6 174. 82.1 73.6 48.1 11.8 8.65
31 3.92 74.1 100. 189. 68.1 Il.8 8.65

AVE 6.87 3.93 73.4 113. 61.1 99.5 160. 149. 112. 73.0 22.9 Il.1

MEAN ANNUAL DIstHARGE 14.2 M3/S



STATION

NUM8EP

ETHIOPIA

13280103

WABl SHEBElLE WABl SHEBEllE BUPKUR

AVERAGE DA IL Y OISCHARGES 196<;-1 <;70 (M3/S)

FE BR MARC APR 1 MAY JU~E JULY AUGU SEPT ocro NOVE DECE . JANU

1 18.0 82.8 120. 63.é 83.1 25.t: C;O.é 170. 154. 39.7 17.3 9.98
2 17.8 84.é 120. 70.2 72.0 24.9 93. l 171. 143. 38.0 1é.8 9.78
3 18.3 Bt.3 123. 77.2 t2.6 26.7 95.7 1 71. 133. 16.4- 16.4 9.57
4 20.0 f8.5 126. E2.8 53.7 51.5 «;7.8 172. 121. 34.9 16.1 9.38
5 19.7 91.0 1~1. ES.3 48.4 58.1 100. 173. 110. 37.4 17.1 9.13

6 18.3 94.3 137. <;5.6 44.8 62.t 103. 174. 99.3 66.9 18.0 8.98
7 19.2 97.q L 145 • «;8.8 4~.5 64.9 106. 1 76. 89.5 1'6.8 19.2 ·8.79
8 21 .3 104. 153. 105. 44.1 6h<; 11 o. 179. 85.2 83.5 1C~. 2 8.60
9 21.5 114. 158. 111. 42.7 59.6 116. 181. 82.0 89.0 18.7 8.41

10 23.2 128. 161. 119. 41.0 60.4 121. 182. 82.9 ·Q6.9 18.0 8.22

Il Z4.9 138. 159. 129. 40.3 56.6 128. 182. 86.4 74.7 17.5 8.22
12 26.5 149. 152. 141. 37.7 55.2 135. 181. 89.5 62.6 16.8 8.04
13 26.9 158. 135. 134. 38.4 6 B. C 143. 177. 91.2 54.8 16.1 7.86
14 25.6 159. 117 • 164. 38.4 74.4 152. 172. 88.9 48.8 15.4 7.86
15 23.4 154. 1C9. 176. 38.0 76-.9 160. 166. 85._1 44.5 14.8 7.67

16 21.9 146. 106. 189. 38.0 76.0 166. 116. 85.8 39.0 14.6 7.67
17 20.5 142. 107. 2JO. 37.4 74.4 1 73. 156. 84.3 35.5 14.1 7 •. 50
18 19.0 143. 109. 210. 36.8 70.4 177. 153. 78.3 32.5 13.9 7.50
19 17.7 150. 110. 215. 3é.1 68.0 181. 150. 71.6 30.2 13.3 7.32
20 17.2 ]58. Ul. 214. 35.5 64.5 184. 150. 64.4 28.2 13.0 7.32

21 17.1 1t4. 112. 212. 34.9 61.9 186. 151. 58.3 26.4 12.6 7.14
22 17.1 170. 110. 211. 34.3 61.9 187. 153. 55.6 24.6 . 12.8 7.14
23 17.9 174. 1C6. 210. 34.6 64.9 188. 156. 70.2 23.2 12.6 6.97
24 51.4 176. 99.3 209. 30.7 68.8 184. 160. 75.2 22.0 12.4 6.97
25 68.2 172. 88.7 20'4. 31.6 70.4 182. 163. 67.7 21.0 Il.8 6.80

26 13.9 164. 76.7 199. 30.2 73.6 180. 166. 58.9 20.0 Il.6 12.0
27 77.5 154. 70.2 190. 28.5 74.4 177. 167. 51.1 19.5 Il.4 13.7
28 79.7 140. 64.6 175. 27.7 76.4 174. 167. 52.2 18.7 11.2 13.3
29 130. 60.5 155. 28.0 80.6 172. 165. 51.5 18.0 11.0 13.7
30 124. 59.9 124. 26.9 83.<; 170. 161. 47.3 17.5 10.6 13.7
31 121 .• 105. 87.3 170. 41.3 10.4 31.0

AVE 29.4 134. 115. 151. 4C.7 64.0 148. 165. 82.4 41.7 14.7 9.68

MEAN ~NNUAL OISCHÀRGE 83.3 M3/S



STA1ICN

NU~8ER

ETHIOFIA

13280103

WABl SHEBEllE WABl SHEBEllE BU~KU~

~VERAGE OAllY DISCHARGES 1910-1<171 ("'3/S1

FEBR MARC APRI MAY JUNE JUlY AUGU SEPT aCTa NOVE DECE JANU

1 38.0 8.22 151. 209. 58.1 18.5 S.6.2 228. 200. 175. 25.6 12.2
2 38.4 8.04 138. 220. 51.1 18.2 90.4 232. 195. 172. 24.9 12.0
3 37.1 7.67 122. 228. It 2.7 17.3 93.7 236. 191. 168. 24.1 Il.8
4 37.1 7.32 115. 23~. 40.0 16.4 -;6.1 239. 189. 165. 23.4 Il.6
5 37.1 6.97 113. 237. 35.8 15.<; 98.7 241. 187. 162. 22.5 11.4

6 35.2 61.3 106. 237. 32.8 15.2 99.6 242. 186. 159. .21.7 11.2
7 32.5 67.3 101. 234. 31.0 14.6 101. 243. 185. 157. 21.2 Il.0
8 29.6 61.3 ge.9 22C;. 30.2 14. 1 103. 244. 184. 153. 20.5 10.8
9 26.7 54.6 97.4 221. 29.6 13.7 106. 244. 183. 148. 20.0 10.6

10 24.4 51.1 96.2 210. 28.5 13.3 108. 244. 181. 140. 19.5 10.2

11 . 22.5 41.7 92.9 196. 27.7 13.C 110. 243. 178. 129. 19.2 9.98
12 21.0 48.3 87.<; 183. 28.0 13.0 114. 240. 175. 115. 18.7 9.78
13 19.7 70.7 83.0 174. 26.7 13.3 118. 237. 169. 96.8 18.2 9.57
14 19.0 73.7 75.5 170. 24.1 12.8 121. 234. 164. 91.2 17.8 9.38
15 18.2 73.1 73.8 169. 22.5 12.8 126. 230. 159. 80.2 11.5 9.18

16 17.3 76.6 74.1 170. 21.2 13.0 129. 226. 157. 71.2 17.1 9.18
17 15.9 77.2 77.6 173. 20.0 14.6 133. 222. 154. 64.2 16.6 9.38
18 15 ~2 80.9 83.6 175 • 19.0 17.8 138. 218. 152. 57.4 16.4 9.57
19 16.1 84.4 90.9 176. . 18.2 19.2 143. 214. 153. 52.2 15.9 9.78
20 13.3 88.1 98.4 174. 17.3 21.7 150. 210. 149. 47.1 15.4 9.78

21 12.4 91.9 104. 167. 16.8 24.1 157. 208. 147. 44.1 15.2 9.78
22 12.0 96.0 U 1. 155. 17.1 24.9 164. 207. 146. 40.7 15.0 9.38
23 Il.2 100. 119. 134. 18.7 24.<; 172. 209. 147. 38.4 14.6 8.98
24 10.8 105. 130. 116. 19.2 26.1 182. 212. 150. 35.8 14.3 8.79
25 9.98 110. 141. 99~1 1<;.7 59.6 193. 214. 153. 33.7 14.1 8.60

26 9.38 116. 151~ 83.1 20.2 69.2 198. 217. 156. 31.9 13.7 8.22
27 8.79 124. ltO. 78.0 19.7 74.0 203. 217. 170. 30.5 13.5 7.86
28 8.79 134. 170. 78.2 18.5 77.3 211. 215. 192. 28.8 13.0 8.04
29 141. 182. 75.0 18.0 78.9 217. 211. 191. 27.7 12.8 7.86
30 149. 1 S6. f:.6.7 18.0 80.6 221. 206. 184. 26.7 12.6 7.67
31 153. 57.7 81.8 225. 179. 12.4 7.50

AVE 21.3 76.4 115. 166. 26.3 30.0 142. 226. 171. 91.4 17.7 9.'71

ME~N JNNUAl DISCHARGE 91.4 M3/S



STATICN : ETHIOPIA WABI SHEBELlE WABI SHEBEllE 8UFKUR

NU~BER : 13280103

AVE~A(E OAIlY CISCHARGES 1971-1«;72 013/5)

FEBR MARC APPI MAY JUNE JUlY AUGU SEPT ,aCTa NOVE OECE JANU

1 1.14 4.90 2.82 47.0 67.3 84.8 98.8 159. 104. 108. 65.7 14.3 .
2 1.14 4.90 2.82 43.4 77.3 89.5 102. 162. 100. 102. 59.6 13.7
3 6.80 4.t2 2.71 41.3 E5.2 93.C 100. 165. 98.4 93.4 55.2 13.5
4 7.32 4.62 3(;.8 79.=1 83.5 93.0 98.8 167. 94.8 92.6 50.7 13.0
5 7.14 4.34 32.2 eO.6 71.6 92.6 103. i 70. 89.1 88.6 41.7 12.6

6 6.97 4.47 3?7 (;2.2 t4.9 88.6 107. 171. 83.<; 83.5 45.9 12.4
7 1.14 4.34 34.6 75.3 59.6 81.4 111. 112. 84.8 81.0 39.3 12.2
8 6.97 4.34 30.5 ea.! 55.2 14.4 114. 172. 89.9 78.1 37.1 12.2
9 6.97 4.06 25.6 S7.0 53.4 10.8 114. 171. 94.3 69.2 34.3 12.4

10 (:.80 4.06 22.9 104. 51.1 66.9 112. 17C. 97.5 61.9 32.2 14.8

Il 6.46 4.20 2€.0 110. 5C.7 68.8 107. 16 c;. 101. 55.9 30.5 15.7
12 6.46 4.06 53.7 122. 45.9 82.2 107. 168. 108. 48.1 30.2 15.2
13 6.63 4.06 .. .5.5 120. 3<7.0 87.3 111. 168. 115. 40.7 2~.3 1',.2
14 6.63 3.80 46.2 122. 34.9 90.8 115. 167. 1-22. 39.3 28.8 15.0
15 6.46 3.93 71.9 125. 32.8 93.0 119. 168. 12 B. 37.4 28.0 14.3

16 6.30 '3.80 76.2 129. 31.0 95.2 122. 168. 132. 36.1 26.4 13.7
17 6.14 3.67 82.6 133. 30.5 97.0 124. 168. 134. 34.9 25.1 13.0
18 5.97 3.54 89.9 136. 31.0 98.8 125. 168. 134. 34.0 23.6 12.6
19 5.82 3.30 95.3 134. 32.8 101. 127. 168. 132. 46.6 22.5 12.4
20 5.82 3.42 9«;.4 128. 35.8 102. 127. 168. 129. 63.8 21.5 12.2

21 6.30 3.30 100.• 121. 35.8 104. 128. 168. 124. 85.6 21.0 12.0
22 6.63 3.30 101. 116. 49.2 105. 129. 166. 116. 97.5 19.7 II.2
23 6.46 3.17 98.2 115. 80.2 106. 131. 16? 107. 103. 19.2 II.2
24 6.14 3.17 88.4 111. E3.1 104. 134. 15 <;. 106. 112. 18.5 10.2
25 5.97 3.17 81.9 103. 88.2 101. 136. 153. 139. 116. 17.8 9.98

26 5.66 3.06 76.5 '12.4 91.2 102. 138. 142. 132. 116. 17.1 9.57
27 5.20 3.06 70.8 E3.0 90.4 106. 140. 135. 129. 109. 16.4 8.79
28 5.35 3.06 61.1 79.1 83.1 109. 144. 125. 129. 93.9 15.9 8.60
29 2.94 55~2 t9.2 81.0 111. 147. 116. 130. 82.7 15.4 8.22
30 2.<;4 51.8 t8.4 8 ~. 1 109. 152. 110. 131. 72.0 15.2 8.04
31 2.94 68.4 106. 156. 127. 14.6 7.86

AVE 6.46 3.76 5t.6 <;6.9 60.0 94.0 122. 1 éO. 114. 76.1 29.8 12.1

MEAN ~NNUAl DISCHARGE 69.6 M3/S



STATION

NU~BER

ETHICPI~

13282201

WABl SHEBEllE MARJeD B~IOGE ~OAO Of OOOOlA

~VERAGe OAILY OISCHARGES 19l:7- 1 9.68 ( M31 S)

fEBP MARC APR 1 MAY JUNE JULY AUGU SEPT OCTO NOVE· DECE JANU

1 .123 .090 2.15 1. e~ .75é 3.55 14.0 13.2 9.25 .755 3.56 .265
2 .123 .oao 1.39 1.70 • S~7 3.37 15.0 13.0 10.8 .841 2.78 .265
3 .123 .190 1.66 1. 9 5 .573 2.73 15.4 16.0 20.6 .870 2.50 .265
4 .147 .202 2.59 5.52 .480 3.22 15.4 16.7 20.6 .783 2.15 .265
5 .147 .1él 1.57 4.75 .553 2.97 15.8 12.8 28.0 .623 1.95 .233

6 .123 .135 1.39 4.05 .550 4.0.5 16.6 11.9 31.0 .674 1.65 .265
7 .147 .123 1.32 11.1 .458 6.24 17.0 12.0 25.2 .924 1.47 .265
8 .265 .100 1.03 8.17 .415 7.51 20.7 13.6 16.5 1.20 1.31 .233
9 .336 .100 1.06 <;.23 .3<; 5 7.00 16.6 15.5 12.8 1.30 1.09 .233

10 .233 .100 1.06 7.42 .395 Il.7 13.6 13.9 1l.2 2.55 .930 .265

Il .202 .112 .812 5.4 ? .336 Il.5 10.6 Il.8 8.81 3.21 .811 .233
12 .174 .101 3.56 é.33 .336 11.1 9.02 8.03 6.91 3.02 .811 .233
13 .147 .112 5.57 7.11 .336 7.92 6.80 6.43 5.33 3.21 .128 .202
14 .123 .123 4.0S 6.45 • 750 7.73 5.42 5.41 4.58 5.89 .674 .114 .
15 .123 .100 2.S 7 :.26 .E63 6.61 4.91 4.74 3.83 12.4 .623 .202

16 .147 .124 1 • c; 5 4.92 .~4q 6.91 5.59 4.43 3.28 13.6 .5.13 .174
17 .123 .301 1 .36 4.12 .573 9.54 6.41 4.95 2.78 10.6 .549 .147
18 .123 .218 1.06 3.28 .458 7.82 6.25 5.86 2.00 9.25 .415 .114
lQ .123 .188 .970 2.67 .553 7.30 9.76 6.23 2.20 7.73 .336 .174
20 .100 .135 .783 1.90 .730 9.03 9.80 5.59 1.95 6.51 .300 .123

21 .123 .123 .183 1.56 2.10 Il.7 1.1.8 5.50 1.65 12.8 .300 .174
22 .100 .112 2.86 1.20 2.00 13.3 9.48 8.27 1.47 12.3 .300 .174
23 .100 .123 1.66 1.06 1.68 11.1 8.57 9.14 1.31 10.7 .265 .174
24 .100 .147 1.39 .962 1.20 8.36 7.87 8.91 1.16 8.37 .233 .147
25 .100 .202 1.20 .78.3 1.13 8.09 6.51 17.2 1.03 6.90 .375 .147

26 .100 .188 .<;é2 .128 1.03 7.50 6.41 !3.3 1.10 6.51 .375 .174
21 .100 .164 .841 .623 1.24 1.10 5.86 II.2 1.13 7.73 .315 .202
28 .080 .356 .728 .549 3.03 6.24 4.99 8.60 .962 6.41 .300 .114
29 1.65 .821 .550 3.30 5.08 E.36 8.14 .841 5.50 .336 .174
.30 .903 1.06 1.74 2.30 4.43 9.34 9.48 .783 4.67 .300 .233
31 3.58 .871 4.05 12.0 .841 .300 .300

Ave .142 .353 1.69 3.67 .<;89 1.27 10.5 10.1 1.14 5.60 .925 .209

Me AN ~NNUAl 0 [SCHAPGE 4.13 M3/S



STATION : ETHIOPI~ WABI SHEBElLE MAR IBO B~IOGE POAD Of OOOOlA

NUMEER 13282201

~VERA(E OAIlY DISC~ARGES 1 <;68-1969 C.M3/S)

FEBJ< MAP( APP 1 MAY JUNE JUl y AUGU SEPT OCTa Nove DECE JANU

1 .486 7.13 1.90 Il.6 5.24 6.41 12.6 4.n 8.91 1.35 1.13 .573
2 .526 7.=1 l .61 8.58 5.59 5.33 13.0 5.78 11.6 1.28 1.06 .573
3 .573 6.23 1.47 10.9 6.13 4.9<; 12.5 1.00 9.34 1.09 1.06 .156
4 .573 5.24 2.71 10.6 6.'10 4.92 12.6 6.51 11.1 1.29 1.43 .812
5 .728 4.35 3.55 <;.57 7.40 8.46 10.0 6.91 8.69 '1.16 1.06 1.31

6 .674 3 • c; 7 3.55 8.15 7.82 7.50 8.69 6.32 10.2 .994 .930 1.28
7 .674 3.35 4.60 6.04 6.64 6.80 8.92 7.34 9.24 .900 .870 1.21
8 .728 2.50 15.3 4.75 4.46 7.30 8.91 8.25 6.91 .932 .811 .900
9 .623 2.84 18.3 4.05 3.28 7.21 6.25 11.4 5.08 .994 .930 1.12

10 .701 5.16 17.9 3.21 2.84 7.30 E.7C 10.2 4.28 1.13 .811 1.06

Il .625 7.61 It.5 6.32 2.50 5.97 9.03 9.89 3.21 .962 .755 .995
12 .3<; 5 5.86 13.3 6.70 2.10 5.35 17.7 8.36 3.48 .843 .755 1.11
13 .356 4.99 14.5 8.61 1.80 4.05 13.8 7.93 3.48 .701 .648 1.16
14 .300 4.20 18.7 10.5 1.80 15.<; 12.4 7.51 3.09 .648 .597 1.43
15 • 2t 5 3.69 17.0 ·8.58 1.47 9.46 10.4 6.13 2.55 .674 .549 1.20

16 .283 2.52 16.5 6.15 1.39 12.0 <;.24 6.25 2.25 7.73 .549 .962
17 .811 1.90 18.2 4.35 1.24 q.56 9.44 8.28 2.62 7.• 26 .502 .932
18 .900 1.47 15.5 3.55 1.28 6.61 E.26 7.93 3.90 3.21 .458 .812
19 1.32 1. 35 2"3.0 2.35 1.47 5.24 7.,73 9.35 3.46 2.30 .415 .700
20 3.06 1.09 2':1 ,.., 1.80 1. .27 4.12 10.8 12.2 3.15 3.23 .415 .648.... "';"

21 4.46 • 932 24.1 1.47 1.31 9.46 11.3 12.2 4.28 5.16 .415 .573
22 6.80 .783 lE.l 2.31 1.3 q 10.4 8.92 9.03 7.62 5.08 .375 .549
23 8.80 .811 18.3 7.82 1.47 9.69 1.20 7.10 6.13 3.17 .375 .526
24 8.25 1 .06 lR.9 6.80 1.é2 8.46 6.13 6.24 4.59 2.84 .375 .502
25 6.80 1.16 18.2 3.86 2.69 9.78 9.57 5.68 3.23 2.30 .336 .526

26 5.69 .995 19.7 4.47 8.44 9. A6 8.70 7.63 2.72 2.40 .336 .104
27 4.27 .812 " 1ç. 9 3.28 10.3 q.55 10.1 6.41 2.25 2.10 .458 1.14
28 4.12 1.60 19.2 2.55 1C.4 6.64 10.4 10.0 2.49 1.65 .648 1.43
29 4.75 3.15 16.0 2.20 9.14 6.61 9.03 12.4 2.58 1.43 .755 1.66
30 2.94 13.4 Z.ég 7.30 6.80 ~.O5 9.79 1.10 1.24 .755 2.67
31 2.35 S.C? 12.0 4.91 1.47 .597 1.95

A'IIE 2.36 3.7 l 14.5 5.84 4.22 7.86 C;.85 A.16 5.Ô2 2.22 .683 1.05

MEAN ~NNUAL DISCHARGE 5.41 M3/S



ST~TION

Nl.;MBEP

ETlHOPIA

13282201

WABI S~EBELLE MARIBO BRIDGE ~OAD Of OOOOLA

~VERAGE DAILY DISCHARGES 1969-1<)10 IM3/S)

FEER MARC APP 1 MAY JUNE JULY AUGU SEPT ocro NOVE OECE JANU

1 1.41 4.83 7.1~ 3.41 1.13 1.65 13.2 6.49 6.71 .183 .755 -.591
2 1.20 3.76 5.24 3.48 1.13 1.85 11.3 7.10 5.50 1.52 .755 .591
3 .962 3.28 3.S 8 ~.(:2 .810 1.85 10.9 6.52 5.33 1.35 .811 .591
4 .812 2.55· 3.09 8.26 .811 1.90 8.70 8.26 5.33 1.20 .155 .591
5 .128 2.25 3.i:2 5.99 .870 1.82 6.42 10.9 6.10 .994 .700 .597

6 .649 1.85 6.40 9.45 .700 1.81 t.04 12.8 1.51 1a4 .700 .591
1 .549 4.66 3.90 8.24 .100 1.85 7.01 20.3 6.43 1.06 .100 .591
8 .526 4.84 4.15 6.80 .591 1.65 €.• 69 16.1 5.33 .900 .100 .648
9 .526 5.03 10.3 6.05 .648 1.85 10.2 15.0 4.67 .810 .100 .100

10 .526 13.9 7.51 t.? 3 • 5" 7 2.1e 11.8 13.2 3.83 .811 .100 .155

Il .550 7.73 6.90 t.71 .549 2.10 10.4 10.6 2.96 .811 .100 .155
12 .526 9.01 5.51 5.33 .458 1.85 9.33 9.89 3.1 7 .755 .700 .100
13 .480 6.33 4.51 4.05 .458 1.60 E.21 9.02 4.20 .783 .648 .811
14 1. 57 6.90 3.48 3.02 .415 2.51 6.41 8.50 3.64 .8U .100 .155
15 1.70 8.81 .2.78 2.45 .315 1.95 5.60 5.68 2.62 .133 .100 .755

16 2.00 7.38 2.45 2.10 .315 4.52 6.22 5.C1 2.10 .183 .648 .811
11 1.86 4.99 3.20 1.75 .315 3.52 6.25 3.83 1.85 .155 .648 .811
18 3.48 5.09 4.35 1.65 .315. 2.55 5.89 3.28 2.00 .755 .648 .870
19 3.16 4.12 5.30 1.27 .336 2.30 6.51 2.'84 2.40 .700 .648 .783
20 3.09 3.76 5.12 1.13 .395 2.68 5.10 2.35 3.56 .100 .648 .930

21 2.15 5.16 3.62 .962 .684 4.34 7.40 2.78 3.62 .811 .591 .995
22 2.15. 7.30 5.21 .870 .1Fl9 5.93 1.62 2.72 2.20 .810 .591 1.36
23 5.42 <;.86 6.51 .811 .804 6.80 <;.25 2.30 1.90 .870 .591 1.41
24 4.66 10.0 11.2 .871 .~O3 10.4 7.50 5.04 1.65 .811 .597 1.24
25 11.6 11.9 11.8 .gS4 1.14 7.83 6.23 5.33 1.39 .811 .591 1.06

26 8.03 14.9 le.5 .962 2.42 7.92 ~.33 10.9 1.l1 .811 .648 .930
21 5. <;7 13.1 6.30 1.55 3.46 15.3 5.34 3.90 1.24 .811 .648 .900
28 8.02 Il.2 4.20 2. C5 3.48 12.e 6.61 3.62 1.09 .755 .648 .811
29 14.4 4.59 1.76 2.25 1C.2 5.59 3.41 .962 .755 .648 .811
30 15.2 4.76 1.31 1.65 19.5 5.70 4.58 .841 .700 .648 .811
31 10.2 1.16 11.1 5.86 .783 .648 .155

AVE 2.65 7.56 5.t3 3.31 .SSl 5.21 7.65 1.42 3.32 .876 .612 .820

MEAN ANNUAL DISCHARGE 3.86 M3/S



ST~TlON ETHlOPlA WABl SHEeEllE MARIao BRIDGE ROAD OF DODOLA

NUM8EP : 13282201

AVERAGE CAllY OISCHARGES lS7C-1t;71 013/5'

FE 8Fl M~RC APR 1 MAY JUNE JUlY AUGU SEPT oeTa NOVE oece JANU

l' .755 .649 2.40 1.85 .549 .503 1.97 8.17 II.2 10.6 .415 .300
2 .700 1.61 2.10 1.60 .502 • 526 8.35 10.5 8.92 7.84 .375 .265
3 .700 .676 3.21 1.49 .458 .573 7.71 14.8 6.71 6.13 .375 .300
4 .100 .700 6.55 13.5 .458 .623 6.52 13. :3 6.45 4.92 .375 .300
5 .7CO 16.1 3.90 12.6 .375 • 78 c; :.77 <;.67 10.2 3.62 .375 .300

6 .648 3.55 3.22 14.5 ."58 1. 37 ' 5.41 8.48 8.69 2.84 .375 .300
7 .648 5.86 2.35 9.34 .3 75 3.18 5.5S 14.1 9.7·9 2.45 .375 .300
8 .648 3.91 2.86 6.70 .415 2.05 5.59 13.2 13.5 2.20 .336 .300
9 .648 3.59 5.26 5.18 .502 2.00 5.33 12.1 14.2 1.90 .336 .265

10 .597 8.06 3.15 ~.55 .458 2.05 t,SO 11.8 12.9 1.65 .336 .233

Il .t48 7.82 3.C9 ~.69 .375 2.0e 14.7 12.5 11.0 1.47 .300 .202
12 .648 7.73 3.48 2.72 .336 3.23 12.9 13.8 7.97 1.31 .300 .202
13 .597 5.34 6.41 ~.28 .458 6.53 13.2 18.8 5.42 1.16 .265 .202
14 .5S7 5.03 6.91 2.84 .502 5.60 13.4 22.9 4.44 1.03 .300 .174
15 .5C;7 9.12 9.87 2.79 .458 4.83 10.3 12.7 3.28 .(no .300 .202

16 .549 25.5 28.4 2.45 .549 5.24 II.0 10.0 3.35 .841 .300 .202
17 .549 27.5 20.1 2.15 .597 4.36 11.9 11.0 3.42 .811 .3QO .315
18 .549 22.1 15.0 1.70 .549 3.g1 Il.7 12.9 7.11 .755 .300 .336
19 .549 16.2 1 ~. 6 1.43 .549 4.35 18.1 10.3 1.30 .755 .300 .265
20 .502 8.18 9.56 1.31 .100 4.20 17.9 13.2 7.92 .700 .300 .233

21 .648 5.34 20~3 1.16 .5411 7.80 15.5 Il.8 8.91 .648 .265 .233
Z2 .648 4.05 16.7 1.43 .415 11.3 15.2 10.1 8.04 .597 .265 .265
,23 .648 4.83 10.9 1.43 .375 12.2 12.4 9.55 6.23 .597 .265 .415
24 .648 4.68 9.24 .99'.1 .375 10.7 10.4 8.S2 4.92 .549 .265 .315
25 .648 6.05 6.43 .783 .336 10.5 S.14 9.25 4.43 .549 .265 .375

26 .648 7.74 5.42 .7B3 .458 9.7C 10.3 13.9 4.12 .502 .265 .233
27 .755 7.40 6.70 .700 .458 9.48 10.0 17.1 Il.8 .458 .233 .233
28 .755 7.00 5.51 .674 .458 8.35 10.0 18.6 Il.5 .415 .233 .233
2q 5.68 3.35 .614 .458 9.33 10.6 15.5 15.2 .458 .233 .202
30 4.37 1 .65 .623 .415 8.91 8.38 21.2 19.3 .415 .300 .265
H 3.03 .597 7.41 1.53 14.1 .300 .233

Av E .640 7.72 7.99 3.37 .464 5.28 10.3 13.0 €.78 1.97 .307 .269

MEAN ~NNUAl CISCHARGE 5.03 M3/S



STATION: ETHIOPIA

~UMeE~ : 13282201

WAB 1 SHE BELL E MAR 1BD ' BRIDGE ROAD Of DODCLA

AVERAGE CAILY DISCHARGES 1<;71-1972 (M3/S)

FE8R MARC APR 1 MAY JUNE JUL y AUGU SEPT OCTO NOVE oeCE JANU

1 .324 .123 .755 .728 3.15 8.18 E.6c; 10.1 13.4 2.25 1.51 .674
2 .629 .123 .674 .785 2.92 7.82 7.11 Il.6 17.3 1.95 1.27 .573
'3 .575 .123 .701 1.13 1.85 6.70 7.62 11.2 17.0 1.b:i 1.20 .550
4 .437 .123 .841 1.57 1.60 6.32 10.8 13.7 17.1 2.15 1.06 .674
5 .337 .123 .785 3.83 1.56 5.17 10.2 10.8 24.3· 2.58 .930 .598

6 .265 .123 2.30 7.84 1.47 5.51 8.25 9.54 27.0 . 1.75 .870 .502
7 .233 .123 2.76 8.91 1.43 8.25 Ç.80 10.1 22.9 1.39 .755· .480
8 .202 .123 2.71 7.33 2.20 8.15 9.14 8.35 18.7 1.56 .155 .458
9 .202 .123 2.20 12.5 3.70 9.88 7.51 8.14 11.8 1.35 .700 .458

10 .202 .123 3.62 1l.4 2.56 8.25 8;25 8.03 10.1 1.20 .700 .431

Il .202 .123 2.78 7.70 2.00 7.40 1.61 8.14 8.36 1.09 .597 .415
12 .202 .135 3.15 5.59 1.75 13.2 12.6 8.~n 6.61 1.32 .549 .375
13 .114 .148 5.68 5.25 1.70 10.4 17.0 8.14 6.43 2.40 .597 .375
14 .161 .161 6.81 3.62 2.50 8.15 14.9 II.4 .7.84 2.<17 .502 .375
15 .114 .174 7.99 2.78 2.84 7.42 11.9 9.55 7.03 6.09 .458 .375

16 .161 .316 7.72 3.30 3.48 5.59 11.0 7.71 6.80 4.20 .502 .356
17 .174 .700 9.01 7.03 4.05 4.99 '8.25 7.11 5.60 3.35 .458 .356
18 .174 .503 8.37 5. ~ 7 6.67 6.82 8.37 7.30 4.36 2.61 .437 .318
19 .174 .459 6.13 ~.45 8.14 7.85 9.80 7.10 3.48 2.20 . .395 .527
20 .174 .266 5.08 4.20 8.25 6.'23 8.69 10.2 3.95 2.20 .395 .575

21 .147 .203 4.20 3.69 6.61 5.59 ·6.80 10.0 4.20 2.78 .459 .301
22 .147 .218 3.76 4.59 5.86 7.20 8.26 12.0 3.91 2.97 .573 .318
23 .123 .266 2.71' 4.99 6.45 7.41 25.0 11.4 4.76 2.05 .573 .300
24 .123 .218 1.43 6.32 9.47 5.95 21.5 10.1 5.65 2.05 .597 .265
25 .123 .304 t.16 5.5<1 8.25 6.13 26.0 8.81 6.90 2.10 1.25 .265

26 .123 .652 1.25 6.32 7.40 5.07 20.3 9.48 7.20, 1.75 1.75 .265
21 .123 .674 1.45 ~.91 6.<11 5.68 t 7.1 8.80 6.23 1.56 1.39 .300
28 .123 .~41 .932 5.68 5.59 7.61 16.4 7.73 5.68 1.51 1.07 .265
29 1.09 .812 4.76 5.78 7.82 20.6 10.5 4.20 1.70 .783 .265
30 .932 .755 :.29 6.61 7.53 18.4 14.0 3.28 2.00 .700 .265
31 .841 2.78 10.0 12.5 2.61 .67,4 .265

A'JE .222 .337 . 3.28 ~.25 4.42 7.31 12.6 9.67 9.51 2.22 .789 .404

MEAN ANNUAL DISCHARGE 4.71 M3/S



STATION ETHIOPIA

13282202

WABI SHE8ELlE MARIaD M~RIBO CONFLUENCE

~VERAGE DAIlY DISCHARGES 1<;68-1969 (M3/SJ

FEEP M~RC APRI MAY JUNE JUl y AUGU SEPT ocrc NOVE OECE JANU

1 1. é 2 16.0 5.24 41.2 5.83 16.6 ~1.8 17.7 15.8 3.41 3.12 1.83
2 1.90 17.5 4.64 35.1- 7.02 17.8 48.8 13.3 18.3 3.40 2.57 1.76
3 2.06 17.4 5.61 ~3.6 9.61 1 6. c; 56.9 13.8 20.2 3.02 2.75 2.6.6
4 2.23 16.1 6.67 30.9 10.9 15.2 46.4 16.0 19.1 2.84 2.40 3.02
5 1.98 14.6 9.88 22.9 12.3 15.4 41.4 15.1 18.3 2.48 2.57 3.31

6 2.32 13.9 13.8 19.2 11.6 17.0 31.3 14.8 15.7 2.40 2.40 3.40
7 2.40 15.8 16.3 17.7 9.73 19.8 31.3 16.7 18.2 2.48 2.23 3.80
8 2.75 18.3 22.1 16.6 8.71 21.1 29.7 17.8 13.6 2.40 2.06 3.70
9 3.03 22.9 30.5 15.1 7.97 1. 9. 3 30.0 18.8 10.9 2.48 1.90 3.60

10 3.40 2Ç.O 37.1 17.2 6.90 17.4 28.8 18.0 8.59 2.40 2.23 3.21

Il 3.50 28.8 39.6 16.4 3.87 14.1 30.0 14.6 1.14 2.31 2.06 3.60
12 3.21 29.6 42.4 14.8 5.2 '3 l'h2 29.6 15.4 5.48 2.23 1.90 4.21
13 2.93 25.1 42.6 13.8 3.90 13.6 32.8 14.9 6.22 2.06 1.90 4.81
14 2.93 14.7 42.8 13.2 3.50 16.7 32.0 13.1 7.37 2.14 1.90 6.56
15 2.75 10.7 42.8 13.6 3.31 22.5 26.0 13.2 6.34 2.14 1.90 6.33

16 2.75 28.2 14.1 3.40 19.3 24.8 12.9 5.24 1.90 1.16 6.45
17 2.75 7.02 13.2 '3.40 17.5 25.8 13.4 5.10 2.06 1.76 5.98
18 3.12 6.33 12.6 3.12 16.1 30.4 14.8 5.00 2.24 1.62 4.9q
19 4.10 5.87 12.2 3.21 13.8 44.8 15.2 5.24 3.51 1.62 4.53
20 20.2 5.60 11.R 3.60 Il.2 60.4 14.9 4.75 7.02 1.76 3.70

21 10.5 6.33 41.2 11.2 3.89 16.8 44.5 17.5 6.57 8.58 1.49 3.02
22 Il.9 7.02 41.7 10.~ 4.31 23.Ç 41.0 16.7 7.97 9.34 1.36 2.66
23 12.3 28.0 42.8 10.7 4.41 29.7 33.6 15.4 7.61 8.71 1.24 2.32
24 12.3 tO.4 42.8 10.3 4.87 24.6 27.8 14.1 7.13 6.56 1.12 1.69
25 12.9 10.3 42.8 E.11 6.56 33.5 27.8 16.0 6.33 5.48 1.24 1.56

26 12.9 9.99 41.7 6.22 10.9 26.4 25.6 13.6 5.60 5.48 1.36 1.69
27 13.4 7.97 42.1 5.48 12.9 27.6 27.6 12.2 5.35 4.53 1.49 1.98
28 13.5 7.13 42.1 4.41 15.3 26.E 24.6 11.2 4.41 3.70 1.49 2.06
29 14.2 6.56 42.4 3.51 18.3 40.5 24.2 11.6 4.20 3.70 1.49 2.06
30 5.81 42.6 4.10 17.5 39.8 21.2 12.4 3.99 3.12 1.90 2.57
31 5.73 4.10 74.8 20.2 3.60 1.76 4.00

AV E 6.41 14.5 3~.1 15.0 7.61 22.6 33.9 14.8 9.03 3.80 1.88 3.46

MEAN ANNUAl DISCHARGE 13.9 M3/S



STATION: ETHIOPIA.

NUMBER : 13282202

WABl SHEBEllE MAR IBO MARIBC CONFLUENCE

AVERAGE DAILY DISCHARGES 1969-1«;70 (M3/S)

fEER MARC APR l MAY JUNE JUl V AUGU SEPT OCTO NOVE oecÈ JANU

"'.
1 6.07 23.6 22.1 21.8 3.12 4.41 45.q 20.7 Il.1 2.57 1.49 1.12
2 6.33 18. 1 14.8 25.6 2.75 4.64 41.0 20.5 9.21 2.49 1.49 1.07
3 6.00 14.2 Il.8 29.6 2.51 4.1~ 36.5 18.0 8.71 3.50 1.62 1.07
4 5.23 Il.6 10.1 23.9 2.23 4.64 28.4 19.7 8.21 2.93- 1.49 1.07
5 4.53 10.7 9.21 18.2 2.23 4.81 28.0 19.1 12.2 2.75 1.49 1.07

6 3.80 <;.34 10.8 24.6 2.06 4.87 25.2 17.7 10.7- 3.14 1.4q 1.07
7 2.93 10.0 Il.8 17.8 2.06 4.20 27.2 17.7 12.8 2.84 1.49 1.51
8 2.32 15.3 15.1 11.7 1.90 3.80 27.2 27.0 9.47 2.48 1.36 1.49
9 1.90 25.1 18.5 20.7 1.76 3.40 38.4 33.5 8.96 2.40 1.36 1.56

10 2.14 35.8 17.5 22.9 1.16 5.37 40.1 22.1 1.85 2.06 1.36 1.56

Il 2.31 34.3 13.8 17.4 1.62 5.16 33.2 23.6 6.51 1.90 1.24 1.56
12 2.66 25.8 10.3 13.9 1.16 6.62 . 32.8 30.4 6.45 1.90 1.24 1.43
13 3.40 24.8 8.46 10.7 1.62 9.61 30.7 31.1 6.43 1.76 1.24 2 •.19
14 3.99 23.6 7.85 8.21 1.49 Il.1 24.2 26.8 5.98 1.76 .1.24 2.85
15 4.81 22.0 7.25 1.37 i .36 10.7 20.5 25.6 5.36 1.76 1.24 3.82

16 f.90 19.1 5.fO 6.45 1.49 10.3 21.2 24.0 4.53 1.69 1.12 3.44
17 10.5 18.3 5.61 5.73 1.76 10.7 24.6 18.5 4.31 1.56 1.12 2.66
18 9.77 17.0 6.79 4.52 2.06 9.99 22.7 15.2 4.54 1.49 1.12 3.13
19 10.8 16.1 7.E5 4.10 2.23 Il.0 21.2 12.8 - 4.77 1.62. 1.12 3.12
20 10.8 16.7 7.37 3.70 2.23 22.5 18.0 10.8 5.4q 1.56 1.12 7.37

21 10.3 26.0 6.7<; 3.50 2.40 21.8 22.0 ~.60 5.95 1.49 1.12 6.06
22 Il.2 29.6 5.<;8 3.12 2.40 27.0 20.7 8.71 5.11 2.23 1.12 10.3
23 10.8 30.9 7.61 2.15 2.51 23.1 20.5 8.33 5.60 4.69 1.12 10.0
24 13.9 :H.7 7.85 2.57 3.12 32.8 28.0 8.58 3.90 3.13 1.12 Il.4
25 22.0 39.1 6.90 2.15 3.50 28.4 22.6 7.13 3.50 2.23 1.12 7.13

26 28.4 42.8 8.60 ~.12 3.89 22.1 24.4 7.49 3.21 1.91 1.12 5.48
27 28.6 40.3 12.6 3.31 4.52 44.0 20.5 9.03 3.02 1.90 1.24 4.00
28 25.4 3q.l 1e.8 3.50 4.75 48.7 22.8· <;.34 3.02 1.69 1.24 3.31
29 39.8 Il.9 :?8<; 4.52 39.6 24.4 7.61 2.75 1.56 1.49 2.84
30 33.2 14.9 3.50 4.10 40.2 23.7 7.13 2.57 1.49 1.24 2.66
31 27.6 3.12 52.8 22.5 2.4.0 1.12 2.40

A\lE 9.21 24.9 10.6 11.0 2.53 17.2 27.1 11.3 6.28 2.22 1.28 3.54

MEAN ~NNUAL ,DI SCHARGE Il.1 M3/S



STATION

NUMBEf(

ETHIOPU

13282202

WASl SHEBELlE MARIBO MARIBO CONFLUENCE

AVERAGE OAILY OISCHARGES

FEEP M.ARC APR 1 MAY JUNE JUL y AUGU SEPT OCTO NOVE OECE JANU

1 2.40 3.18 6.68 5.48 1.62 1.49 24.6 46.8 33.3 22.0 1.76 1.49
2 2.23 7.98 5.48 5.35 1.49 1.62 22.4 50.8 20.9 15;2 1.62 1.62
3 1.90 4.44 9.90 8.76 1.49 2.75 19.4 48.8 16.4 11.9 1.62 1.36
4 1.76 4.19 13.2 16.C 1.49 2.57 15.4 36.9 13.5 10.5 1.49 1.36
5 1.62 13.8 11.9 20.7 1.49 2.66 13.5 33.4 13.8 8.59 1.62 1.36

6 1.49 10.0 8.91 21. C; 1.49 2.40 13.2 28.6 27.0 7.25 1.62 1.36
1 1.49 9.41 7.49 13.8 1.36 4.33 14.9 29.6 22.9 6.33 1.62 1.24
8 1.36 Il.1 b.34 9.C 9 1. s2 4.32 20.2 32.3 26.8 6.45 1.49 1.24
9 1.36 9.14 14.2 8.35 1.49 4.20 21.2 32.5 21.6 6.09 1.49 1.24

10 1.24 7.31 9.14 6.45 1.49 3.50 21.6 33.5 23.6 5.83 1.49 1.24

Il 1.24 12.0 9.CS 5.87 1.49 4.81 27.0 25.0 23.3 4.64 1.36 1.01
12 1.24 12.4 9.99 4.98 1.36 4.10 31.3 39.3 17.9 3.99 1.36 1.12
13 1.12 14.4 12.5 :.84 1.49 10.8 39.2 31.6 13.2 3.89 1.49 1.12
14 1.01 13.8 1~.1 9.37 1.49 10.3 31.7 37.3 10.5 3.60 1.49 1.12
15 1.01 23.3 16.1 6.90 1.49 7.97 33.4 32.8 8.11 3.21 1.36 1.01

16 1.01 51.1 47.0 5.48 2.06 7.85 61.7 24.4 1.85 2.93 1.36 1.01
11 .957 62.7 38.4 4.53 2.06 12.4 61.4 24.1 8.59 2.93 1.24 1.24
18 .957 47.6 33.9 3.90 1.90 10.6 65.7 30.3 14.9 2.15 1.36 1.49
19 .951 32.8 2:.6 3.31 1.90 12.4 79.6 24.0 10.1 2.75 1.36 1.49
20 .957 2·0.2 19.0 3.02 2.06 12.8 79.9 30.5 14.9 2.15 1.24 1.24

21 1.e7 14.2 30.0 2.84 2.06 15.2 66.1 27.6 17.8 2.40 1.24 1.01
22 1.07 10.5 29.0 2.66 1.49 20.9 56.3 21.4 17.0 2.23 1.24 1.01
23 1.01 10.1 11.9 2.40 1.36 20.0 17.0 20.4 Il.5 2.06 1.12 1.12
24 1.el 10.2 14.2 2.31 1.36 16.4 52.4 17.7 9.47 2.06 1.24 1.76
25 1.31 13.3 11.2 2.14 1.36 21.3 45.C 16.3 10.3 2.06 1.24 1.36

26 1.56 13.2 12.9 2. C6 2.06 21.3 36.5 21.8 13.1 2.06 1.12 1.36
21 1.24 15.2 9.75 1.90 1.62 22.1 34.1 30.2 17.0 1.90 1.24 1.24
28 1.t:2 18.1 7.<;1 1.83 1.49 22.0 41.2 2e.6 27.6 1.90 1.24 1.24
29 12.6 6.34 1.90 1.49 21.6 41.2 34.5 29.q 1.16 1.24 1.12
30 9.61 5. 4 9 1.83 1.49 I8.e 31.9 2E.0 31. 9 1.16 1.24 1.01
31 7.85 1.6S 16.4 30.5 28.6 1.36 1.12

AvE 1.33 16.4 15.8 6.21 1.61 10.e; 3q.4 30.8 18.4 5.13 1.39 1.25

~EAN ANNUAL DISChARGE 12.5 M3/S



STATION ETHIOPI~ WABl SHE8ELLE MARIBO MAkIBC CONFLUENCE

NU~BER : 132e2~02

AVERAGE CAILY DISCHARGES 1971-1~72 (M3/S)

fEeFl MARC APRI MAY JUNE JUL y AUGU SEPT OCTO Nove oeCE JANU

1 1.01 .516 2.~ 1 1.t2 ~.S1 14.1 22.2 28.0 4.10 1.90
2 1.63 .431 1.98 1.90 4.64 12.0 17.8 30.9 3.89 2.06
3 2.21 .431 1.76 1.43 4.64 11.9 15. e 30.3 3.70 2.23
4 2.24 .431 2.48 . 2.30 3.99 11.8 14.2 33.4 3.8q 2.06
5 1.69 .431 2.76 7.54 3.80 10.1 17.9 34.8 3.89 1.90

6 l .13 .431 2.E4 16.1 3.40 12.3 22.5 26.2 3.70 1.76
7 .957 .431 4.77 19.0 4.03 12.9 26.7 29.8 3.50 1.49
8 .957 .431 6.20 26.6 5.49 13.4 23.S 25.6 3.50 1~36

~ .957 .431 6.32 34.5 9.60 22.C; 20.4 25.0 3.SQ 1.36
10 .957 .516 10.5 21.3 e. C9 . 20.4 19.2 19.8 4.10 1.49

11 1.07 .516 10.3 18.2 6.06 16.4 21.4 1«;.9 .4 .10 1.76
12 .903 .606 8.34 15.7 5.26 22.7 23.3 23.2 4.10 1.24
13 .903 .516 12.2 12.2 4.10 19.5 34.9 27.8 4.31 1.36
14 .851 .606 10.5 9.23 17.4 31.6 22.9 4.10 1.24
15 • 8 ~51 .606 17.2 7.37 16.1 32.'2 19.2 4.10 1.12

16 .851 .700 14.2 6.45 Il.2 38.2 15.7 4.31 1.36
1 7 .799 1.97 11.3 6.55 13.e 28.6 14.1 4.10 1.24
18 .799 1.37 13.2 11.8 16.9 25.4 12.6 3.99 1.12
19 .799 1.25 Il.1 e.46 25. a 28.8 14.4 4.31 1.12
20 .799 .957 II.0 <;. c <; 18.5 19.3 28.4 15.5 5.23 1.12

21 .606 .700 7.38 6.22 20.0 17.5 25.0 14.1 5.87 1.36
22 .606 .561 4.99 5.48 16.9 13.8 36.0 16.0 6.33 1.24
23 .606 1.30 4.89 7.37 16.1 22.2 53.6 19.4 . 6.11 1.12
24 .606 1.70 3.40 10.4 18.6 22.<; 50.3 20.6 6.33 1.12
25 .516 2.73 3.12 9.0<;1 18.7 17.4 :3.3 14.2 6.19 1.01

26 .516 2.93 2.75 9.21 16.3 14.9 58.5 4.17 1.01
27 .516 2.40 3.02 12.0 14.9 14.6 53.1 3.99 1.01
28 .516 2.17 2.66 12.8 13.6 16.4 52.8 3.50 1.01
29 3.51 2.31 9. C9. 13.2 lS.2· 52.1 2.93 1.01
30 3.81 1.91 6.68 13.6 21.2 50.1 2.14 1.01
31 2.93 5.48 20.7 36.9 2.06 1.01

A'JE .959 1.24 6.159 10.7 10.5 16.8 32.9 20.7 4.25 1.36



STJlTION ETHIOPIA WABI S~EBELLE ERRER HA.MERO-HEDAD

NU~BER : 1~281412

~VERAGE DAILY OlSCHARGES 1968-1969 (M3JS)

FEER MARC APR 1 MAY JUNE JUL V AUGU SEPT OCTO NOVE DECE JANU

l :4.5 14.3 :0.7 1l.9 3.08 2.70
2 74.3 14.3 11.4 11.4 3.08 3.08 2.70
3 48.6 14.3 14.4 11.2 3.08 3.08 2.70
4 35.7 13.q 12.6 10.9 3.08 3.08 2.70
5 115. 13.6 11.6 11.2 3.08 3.08 2.70

6 13.6 12.4 Il.5 3.08 3.08 2.70
7 13.6 20.6 11.2 3.08 3.08 ~. 70
8 13.6 15.6 13.6 3.08 3.08 2.70
9 13.6 13.7 15.3 '3.08 3.08 2.70

10 13.6 22.2 18.5 3.08 3.08 2.70

Il 13.6 16.2 15.7 3.08 3.08 2.70
12 13.6 16.9 13.6 3.08 3.08 2.70
13 13.6 30.4 12.4 3.08 3.08 2.70
14 13.6 18. 7 12.6 3.08 3.08 2.70
15 13.6 21.7 24.4 3.08 2.99 2.70

16 13. t 29.8 25.7 4.34 2.89 2.70
17 13.3 32.9 6.14 2.89 2.70
18 13.0 2'1.3 3.10 2.B9 2.70
19 13.0 26.6 3.18 2.89 2.70
20 13.0 26.7 3.06 2.89 2.70

21 13.0 27.3 3.08 2.89 2.70
22 13.0 24.1 3.08 2.89 2.70
23 13.0 21.1 3.08 2.89 2.70
24 :4.5 13.0 19.5 3.08 2.89 2.70
25 13.6 13.0 18.5 3.08 2.89 2.70

26 12.4 13.0 17.6 5.14 3.08 2.89 2.70
27 11 .4 13.0 1B.5 3.08 2.89 2.70
28 10.5 12.4 21.8 3.08 2.89 2.70
29 9.74 11.4 1C;.4 3.08 2.89 2.70
30 q. J l 14.3 10.9 13.6 3.08 2.89 2.70
31 31.0 10.9 12.7 2.70 2.70

AVE 13.2 19.6 2.97 2.70



STATION: ETHIOPIA WABI S~EBEllE ERRER HAMERO-HEDAD

NUMBER : 13281412

~VERAGE DAIlY DISCHAPGES 1969-1970 (M3JS)

fEBR ~1 AR C APR 1 MAY JUNE JUl y AUGU SE PT CCTe NOVE DEC.E JANU

1 2.70 4.79 :.éO Il.5 62.7 .1.70
2 2.'79 4.23 3.42 35.2 5.60 7.61 30.3 1.70
3 2.89 3.70 3.01 18.3 5.44 6.52 1.70
4 2.89 3.28 2.73 16.7 5.29 7.93 1.70
5 . 2. 99 2.99 2.56 H:.2 5.29 5.2"3 1.70

6 3.18 2.79 2.22 29.9 5.15 ' ?.., 1.10"t._,
7 3.28 2.51 2.16 21. 7 5.00 7."6 1.70
8 3.28 2.89 4.05 17.2 5.00 6.77 1.70
9 3.28 3.05 18.4 4.85 5.38 1. 70

la ~.2e 2.56 23.] 4.70 5.30 1.70

Il 3.28 16.0 4.70 4.70 1.70
12 3.28 12.5 4.56 4.33 1.70
13 3.28 :0.5 4.41 4.14 1.76 1.70
14 3.28 9 ... 5 4.41 4.08 1.76 1.70
15 5.79 8.68 4.28 3.89 1.76 3.69

16 4.63 8.12 4.14 3.'39 1.76 2.28
17 5.38 7."15 4.14 3.77 1.76 1.96
18 5.50 7.40 4.01 3.25 1.76 1.86
19 5.50 7.23 3.89 "3.10 1.76 1.82

,20 5.50 7.05 3.89 ,.00 1.76 5.45

21 5.50 t.P8 3.'39 6.06 3.10 1.76 3.45
22. 5.50 6.72 3.~9 '5.60 3.10 1.73 2.12
23 5.50 é.~S 3.119 c:; , ~ 2. n l 1.70 2.58.J. 6 ....

24 6.20 6.22 3.89 5.00 4.'35 2.73 1.70 2.28
25 7.48 t.22 3.39 15.3 4 ::; t, 2.64 1.70 2.49.. _..._,

26 6.08 é.22 20.8 13.2 4.41 2.64 1.70 2.36
27 5. <:le; 6.06 5.79 4.41 2.64 1.70 2.03
28 5.67 5.91 4.14 4.28 2.64 1.70 1.86
29 5.75 4.14 4.14 2.54 1~70 1.79
30 5.60 4.01 9.75 2.64 1.70 1.76
31 5.60 2.64 1 .. 70 1.76

AVE 4.42 5.09 4.42 2.11



ST.6TICN : ETHIOPIA WABl SHEBEllEERREF

NUMBER : 13281412

AVERAGE OAllY 01SCHARGES 1970-1«;71 013/S)

fEeR MARC APR! MAY JUNE JUl y AUGU SEPT oCTO NOVE OECE JANU

1 1.76 !8.9 2.16 2.45 5.10 2.1e 1.76 7.23 7.67 ~.88 1.98 1.98
2 1.76 7.91 2.16 31.2 3.83 2.10 t.76 6.77 9.96 3.28 1.98 1.98
3 1.73 5.09 2.36 4.sa 2.64 2.1e 1.76 6.66 8.45 ? • 74 1.98 1 • 98
4 1.70 3.17 3. '1 7 48.5 2.47 2.10 1.75 6.71 8.57 2.67 1.98 1.98
5 1.70 5.~1 3.<;6 15.4 2.47 2.10 5.03 11.7 7.03 2.67 1.98 1.98

6 1.68 3.30 3.72 28.2 2.33 2.10 3.65 18.0 6.34 2.67 1.98 1.98
7 1.66 2.50 3.22 24.3 2.15 2.10 3.92 13.5 6.15 2.38 1.98 1.98
8 1.66 2.28 2.80 6.66 2.10 2.10 é.93 12.0 5.61 2.28 1.98 1.98
c; 1.66 2.45 2.24 4.55 2.10 .2.10 3.52 15.8 5.28 2.28 1.98 1.98

10 1. é 4 6.45 3.87 ~.90 2.10 2.e7 10.7 29.5 5.00 2.28 1.98 1.98

Il 1.62 8.06 10.6 2.97 2.10 1.98 10.6 27.9 4.89 2.28 1.98 1.98
12 1.62 14.7 5.18 5. é 6 2.10 2.25 6.26 33.4 4.89 2.28 1.98 1.98
13 1.é1 7.82 7.64 5.21 Z.14 2.<15 ~.03 17.3 4.89 2.28 1.98 1.98
14 1.60 5.38 5.97 5.S? 4.26 2.15 2.10 21.0 4.46 2.15 1.98 1.98
15 1.60 ~.54 5.56 4.97 3.31 2.22 1.98 16.6 3.41 2.10 1.98 1.98

16 1.60 9.57 54.9 ~.57 4.78 2.81 1.86 13.5 3.33 2.10 1.98 1.98
17 1.60 26.2 18.0 4.13 2.79 2.45 1. 86 Il.7 16.3 2.10 1.98 1.98
18 1.60 S.33 12.7 5.54 2.53 2.5<; 1.81 10.5 17.8 2.10 1.98 1.98
19 1. 61 5.88 9.t4 4.26 3.63 2.75 1.82 9.46 21.9 2.07 1.98 1.98
20 1.62 4.24 5.23 4.72 2.71 4.11 13.6 8.77 t7.4 1.98 1.98 1.98

21 l.é2 3.64 4. L 4 10.3 2.47 2.5S SC.3 8.33 11.0 1.98 1.98 1.98
22 1.62 2.e1 4.74 17.9 2.40 2.10 32.2 8.33 9.90 1.98 i.98 1.98
23 1.62 2.20 3.G9 5.82 2.~8 2.13 : 5. S 11.1 é.65 1.98 1.98 1.98
24 1.62 2.03 4.38 3.57 2.28 2.<;6 11.0 Il.4 12.5 1. 98 1.98 1.89
25 1.62 1.90 86.0 3.33 2.28 2.11 10.2 17.4 7.84 1.98 1.98 1.86

26 1.62 2.57 14.7 3.33 2.12 1.R'1 12.2 10.3 12.1 1.98 l .98 1.86
21 1.62 5.42 7.17 3 •.3.3 2.10 3.06 <;.38 18.7 17.0 1. 98 1.98 1.86
28 2.26 4.20 5.55 3.23 2.10 2.3<; 7.Q3 11.1 9.50 1.98 1.98 1.86
29 2.71 4.50 3.? 3 2.10 2.04 14.1 8.57 4.22 L.SA 1.98 1.86
30 2.20 3.36 3.64 2.10 1.86 :0.2 e.33 3.'14 1.98 1.98 1.86
31 2.16 4.25 1.86 8.13 5.00 1.98 1.86

A'JE 1.67 5.97 10.1 9.01 2.66· 2.33 B.62 13.7 8.68 2.28 1.98 1.95

MEAN .6NNUALDI SC HAPGE 5.76 M3/S



STATICN : ETHIOPI~ WABI SHEBELLE ERRER HAMERO-HEDAO

Nu~eEP : 13281412

~VE~A(E DAILY DISCHARGES 1911-1<372 (M3/S)

FE EP MARC APRI MAY JUNE JULY AUGU SEPT aCTa NOVE DËCE JANU

1 1.86 1.60 1.E6 1.40 2.43 2.27 3.30 2.99 3.61 1.88 2.13 1.90
2 1.79 1.60 10.8 9.87 2.75 2.27 4.56 2.99 3.44 .1.85 2.11 1.89-
3 1.76 1.60 3.47 33.1 2.26 2.41 3.42 5.04 3.37 1.82 2.10 1.89
4 1.76 . 1.60 2.92 7.55 2.25 2.60 3.13 9.60 3.61 1.81 2.09 1.88
c; 1.76 1.60· 3.24 9.54 2.24 2.32 2.78 7.92 4.86 1.81 2.01 1.88

6 1.7(: 1.6e 7.S6 20.3 2.22 2.27 10.7, E.22 7.01 1.81 2.06 1.87
7 1.76 1.60 9.38 7.84 2.20 2.27 15.9 ,8.80 4.41 1.81 2.05 1.86
8 1.76 1.60 3.74 5.22 2.18 2.27 7.65 10.2 7.30 1.81 2.03 1.86
9 1.76 1.60 5.56 6.80 2.16 2.27 5.01 8.99 3.11 1.81 2.02 1.85

10 i.76 1.60 26.3 E.51 2.13 2.27 7.53 9.98 2.60 1.88 2.01 1.85

Il 1.76 1.60 12.8 15.7 2.11 2.27 S.84 13.0 3.01 4.76 2.00 1.84
12 1.74 1.60 18.5 5.41 2.09 2.46 é.53 7.65 5.68 16.5 2.00 1.84
13 1.68 1.60 13.0 3.67 2.07 Il.7 5.62 6.63 6.41 5.04 1~99 1.83
14 1.68 1.60 5.54 4.23 2.05 7.41 3.93 5.E7 9.08 4.C;7 1.99 1.83
15 1.68 1.60 2.54 10.4 Il.1 4.57 3.70 5.50 7.46 5.21 1.98 1.82

16 1.68 1.60 3.40 10.3 8 • .57 3.46 3.76 5.83 3.46 3.83 1.98 1.82
17 1.68 1.55 2.09 43.0 13.4 2.85 4.28 . 6.40 3.22 2.89 1.97 1.81
18 1.68 1.54 1.88 12.9 8.29 2.71 5.0e; B.55 3.13 2.63 1.97 1.81
19 1.68 1.54 1.78 5.49 23.2 2.41 7.43 8.'32 10.7 2.60 1.96 1.RO
20 1.68 1.54 1.63 3.20 10.1 2.40 (;.36 6.52 2.57 2.60 1.96 1.79

21 1.68 1.54 1.50 2.88 5.02 2.3<; 5.S7 5.99 2.36 2.60 1.95 1.79
22 1.68 1.54 1.41 2.7<; 7.55 2.36 14.5 5."5 2.09 2.60 1.95 1.78
23 1.68 1.54 1.40 22.0 4.99 ? ~':l 7.60 5.53 14.3 2.59 1.94 1.78'- • •.J._

24 1.68 1.(;4 1.40 5.22 3.19 2.31 ~.16 4.S6 9.16 2.55 1.94 1.77
25 1.68 5.99 1.40 t.3l 2.60 2.28 :3.69 , 4.42 4.57 2.50 1.93 1.77

26 1.62 4.67 1.40 8.78 2.74 2.25 3.41 4.42 2.77 2.46 1.93 . 1.76
27 1.60 1.84 1.40 7.28 2.70 2.22 '3.37 4.42 2.46 2.41 1.92 1.76
28 1.60 t.43 1 .40 3.89 2.58 2~2C 3.33 4.42 2.32 2.36 1.92 1.75
2'; 1.43 1.40 2.43 2.45 2.26 ;.26 4.17 2.74 2.31 1.91 1.75
30 1.42 1.40 2.43 2.33 3.22 3 •. 18 3.81 2.13 2.23 1.91 1•• 74
31 1.88 3.65 2.40 ?11 1.92 1.90 1.73

AVE 1.71 1.83 5.C8 <;.42 4.73 2.96 ~.71 6.57 4.67 3.13 1.99 1.82

MEAN ANNUhL OISCHARGE 4.15 M3/S



ST AT IC N

N\j~BER

ETHIOPIA

1328110S

WABI SHEBELLE DAKETA H~~ERC-HEDAD

AVERAGE OAILY OISCHARGES 1968-,1969 (t·n 1 $)

fEeF MARC APP 1 ~I A Y .J UN E J UL y AUGU SEPT aCTe NOVE DECE JANU

1 21.5 .coo .cco .000 .16? .034 • 000
2 5.24 .000 .CS5 .000 .000 • 000 .059 • 034 .000
3 1.0'5 .COO .000 .OGO .000 .000 .034 .138 .000
4 .170 .000 .000 .000 .000 • 01 7 .330 • 000
~ .000 .OJO .000 .000 .000 .000 • al 7 .000

6 .000 .000 .OOD .coc .000 4.37 .000 .000 .000
7 .000 .000 .000 • 000 5.58 .000 .000 • 000
8 .000 .000 .000 .000 .173 • 000 .000 .000
9 .000 .000 .000 • OOOe • 018 .000 .000 • 000

la .OCO .000 .ooa .000 .000 .000 .000 .000

Il .000 .000 .000 .000 .000 .000 .000 .000
12 .OCO .000 .000 .000 .000 .000 .000 • 000
13 .000 .000 .000 .000 .000 • 000 .000 .000
14 .000 .000 .000 .000 .000 .000 .000 .000
15 .000 .000 .000 .000 .000 .441 .000 .000

16 .GGO .000 .000 .000 .000 "3.13 .000 .000
1 7 .000 .000 .ooc .000 .000 .467 .000 .000
13 .oco .000 .000 .000 • 000 1.25 .000 .000
19 .000 .000 .oeo .000 • 022 .758 .000 .000
20 .000 .000 .oco .000 .coa ... 91 • 000 .000

21 .000 .000 .000 .000 5.t5 4.5? • 000 .000
22 .000 .000 .ooc .000 .654 • 72 r:, .000 .000
23 .000 .000 .000 .000 .000 .294 • Où a .000
24 .oeo .000 .ooc .000 .000 .196 .000 .000
25 .000 .000 .000 .000 .000 .119 .OJO 3.~~

26 69.6 .000 .000 .000 • Q!JO .125 .000 .914
?7 269. .000 .000 .000 14.6 .119 • 000 .102
28 60.2 .000 .000 .000 3.75 • 059 .000 .000
29 34.6 .000 .000 .000 2.CJ4 • 034 .000 .000
30 .OCO .000 .000 2.02 .0'34 .000 .000
~1 .000 .000 ...77 .000 .000

t-\\iE .902 .000 1.28 .582 .018 .140



ST~TICN

NlJtJ8ER

FTHIOFIA

1328110<;

WABl SHEBELLE DAKETA HA~ER o-'HEOAD

AVERAGE OAILY OISCHJ.\PGES 1969~1970 (M3/S)

FFeR fi} ~ p C APP 1 MAY J U\l E J UL y AUGU SEPT aCTa NOVE OECE J .4-NU

1 .OOQ .C17 .C17 ;8.4 .000 .000 1.04 57.1 .000 .000
2 .000 .coo .000 .000 • 000 .000 .337 .000 .000
"3 .000 .ooe .000 .ooc .ooc .oco 1.12 .000 .000
4 .O{)O .000 .000 .000 .ooc .00.0 3.79 .000 .000
c; .000 .000 .000 .ooc .ooc .000 14.5 .000 .000..J

6 .COC .000 .000 .ooc .coc .000 .000 • 000
7 .coo 6.30 .000 .ooc .oca .000 .000 .000
8 .000 .079 7.87 .ooc .000 .000 .000 .000
<; .000 .000 8.10 .000 .000 .000 1.35 .000 •oao

la .000 .000 2.45 .ooc .coo .000 45.8 .000 • 000

Il .000 .000 .759 .000 .000 .000 11.2 .000 .000
12 .000 .000 .349 .ooc .000 .000 1.29 .000 .000
13 .000 .000 .196 .ooc .000 .000 .396 .000 .000
14 .000 .000 0153 .ooc .000 .000 .055 .000 .000
15 .000 .000 .153 • St; 6 .000 .000 .000 .000 • 000 • 000

16 .000 .000 .119 73.0 .ooc .000 .000 .000 .000 .000
17 .000 .000 .ces .ooe .000 .000 8.56 .000 .000
18 .000 .000 .085 .000 .000 .000 6.24 .000 .000
19 .ooc .000 .CE5 .ooc .000 .000 4.27 .000 .000
20 .000 .000 .059 .ooc .000 .000 .441 .000 .042

21 .000 .000 .034 .ooc .oco .000 .cce .000 .000 .690
22 .000 6.14 .<;98 .000 .000 .000 • 000 .000 .000 28.7
23 .000 5.0 1 .520 .ooc .oco .000 .000 .000 .000 29.2
24 .000 2.66 .145 • O'JO .ooc .000 .000 .000 .000 3.93
25 .000 .Ct7 •ooc .ooe .000 .000 .000 .000 1.07

26 1.90 .000 .ooc .000 .000 • 000 .000 .000 .341
27 .456 1.51 .7G8 .000 • Goa .000 .000 .000 • 000 .042
28 .089 .754 .2~2 .000 .000 .000 .000 .000 .000 .000
29 .439 .327 .000 .000 .000 • 000 .000 .000 • 000
30 .1 ~ 7 8.75 .ooc .000 .000 .000 .000 .000 .000
31 .047 .oae .COO .000 .000 .000

AvE .087 1.07 .000 .000 .000 2.06



STATION: ETHIOPIA WABI SHEBEllE DAKETA HAMEPo-HEDAD

NUMBER : 1328110<;

~VE~AGE OAILY DISCHARGES 1<;70-1971 (M3/S)

FE~R MARC APP 1 MAY J UN E JULY AUGU SEPT ocra NOVE OECE JANU

, • OCO 118 • .COO 28.5 .OOC .000 .000 .065 .477 • 000 .000...
2 .000 28.0 .COO 26.8 .000 .000 .000 • 012 .322 . • 000 • 000
~ .OCO 7.56 .000 29.1 .ooc .000 .000 .000 .250 .000 .000
4 .000 .844 43.6 C;9.7 .OOC .000 .000 .000 .un .000 .000
5 .000 • 247 2t.8 117 • .OOC .000 .000 .000 .146 .000 .000

6 .000 .153 5.70 19.7 .OOC .000 .OOC .000 .106 .000 .000
7 .000 1.98 2.38 34.7 .000 .000 .000 • 000 • 095 .000 .000
8 .OCO 6:.0 1.Sa 17.9 .OOC .000 .000 .000 • 054 .000 .000
9 .GCC 3.10 1 .27 12.4 .000 .000 .000 .000 .042 .000 .000

10 .OCO 3.31 .878 24.6 .OOC .000 • 000 • 000 • 042 .000 • 000

11 .000 2.38 1~.9 23.2 .OOC .000 .000 2.70 .033 .000 .000. "\ .OCO 1.90 ~ . p 12.3 .OOC .000 .000 .715 • 010 .000 • 000J.<'. ~.o __
13 .000 1.65 18.4 .OOC .000 4.77 1.42 .000 .000 .000
14 .OCO 1.42 10.3 .OOC .000 2.98 .586 • 000 .000 .000
15 .OCO 9.12 4.81 .000 .000 .971 .301 .000 • 000 .000

16 .OCO 2.S4 .oac .000 .341 .184 • 000 .000 • 000
17 .000 7.43 .ooc .000 .088 58.2 .000 .000 .000
18 .000 t.31 .ooc .000 .003 87.2 .000 .000 .000
19 .000 3.<;6 .000 .000 .000 .000 37.2 • 000 .000 .000
20 .000 15.7 • 000 .000 .000 • 000 103 • .000 .000 • 000

21 .OCO 4.tl .000 .000 .000 .000 65.7 . • 000 .000 .000
22 .OÙO 6.59 .000 .OOC .000 .000 25.6 .000 .000 .000
23 .000 4.0G .COO .ooe .000 .000 4.88 .000 • 000 • 000
24 .000 - " .000 .000 .ooc .000 2.22 .000 • 000 • 000é. •.,: t..

25 .000 1.02 .ooe .ooc .000 110. 1.37 .000 .000 .000

26 .000 • 00 a .ooe .000 2e.8 4.97 • 000 .000 • 000
27 .oco .000 .ooe .000 2.87 12.9 .000 .000 .000
23 .000 •coc .ooc .000 .788 8.72 • 00.0 . .000 .000
,~ç •co a .ooe .000 .383 6.15 • 000 .000 .000
30 4.85 .roc .ooc .coo .200 2.22 .000 .000 .000
31 .000 .ooe .000 .82.9 .000 .000

AvE .000 .ooc .000 4.81 13.8 .059 .000 .000



STIlTICN : ETt-iIOPIA WASl SHEBEllE DAKETA HAMERO-HEDAD

NU~BER : 13281109

~VEPAGE OAIlY OISCHARGES 1 911- 1 t; 72, 0431 S )

FEEP MARC APR 1 MAY JUNE JUl Y AUGU SEPT OCTO NOVE OECE JANU
\

1 .000 .000 • cc. 8 .019 .C79 .OOC .000 .000 .000 • 000 .000 .000
? .000 .000 .C77 .019 .060 .000 .000 • 000 .000 .000 .000 .000'-

3 .000 .000 .E22 ~5.5 .371 .ooc .000 .000 .000 .000 .000 .000
4 .000 .000 ·10.1 71.5 .127 .000 .000 .000 .387 .000 .000 .000
5 .CO c· .000 9.59 57.1 .C68 •ooc .000 .000 1.15 • 000 .000 .000

6 .000 .000 7.61 296. .045 .ooc .coo .000 .152 .000 .000 .000
7 .00 a .000 39.2 22.0 .031 .000 .000 .000 • 065 • 000 .poo .000
8 .000 .000 4.5E 4.<;8 .C21 .ooc .000 • 000 .028 .000 .000 .000
<; .000 .000 8.84 12.9 .015 .000 .000 .000 .019 .000 .000 .000

la .oco .000 17.3 9.14 .C06 .ooc .OOC • 000 .000 • 000 .000 .000

Il .000 .000 63.7 30.4 • 000 .ooc .000 .870 .000 .000 .000 .000
12 .000 .000 42.0 15.4 .000 .000 .000 2.74 .000 .000 .000 .000
13 .000 .000 52.7 2.91 .000 .000 .000 1.39 .000 • 000 .000 .000
14 .000 .000 6.43 .753 .000 .000 .000 .213 .000 .665 .000 .000
15 .000 .000 2.69 .808 9.14 .000 .000 .082 .000 6.91 .000 .000

16 .coo .000 1.16 .435 3.83 .000 .000 .072 .000 23.6 .000 .000
17 .OCC .000 1.42 3.89 19.0 .000 .000 .047 • 000 8.90 .000 • 000
18 .000 .000 .715 5.12 6(.5 .000 .000 ~042 .000 .512 .000 .000
19 .000 .000 .519 3.04 7.38 .000 .000 • 031 .ouo .125 .000 .000
20 .000 .000 .634 .974 2.85 .000 .000 6.76 .000 .105 .000 .000

21 .000 .000 .313 .255 1.22 .ooc • 000 3.13 .000 • 085 .000 • 000
22 .000 .000 .196 .136 .872 .000 .000 2.12 .000 • 018 .000 .000
23 .GOC .000 .126 .092 .143 .• 000 .000 .076 .000 .012 .000 .000
24 .000 0003 .095 .017 .116 .000 .000 .053 .000 .000 .000 .000
25 .000 56.4 .090 .060 .052 .000 .000 .004 .000 • 000 .000 .000

26 .000 8.0? .C67 .058 .044 .ooc ,000 • 003 .000 .000 .000 .000
27 .000 2.16 .046 10.6 .036 .ooe .000 .000 .000 .000 .000 .000
28 .000 .712 .042 <;.86 .010 .ooc .000 .000 .000 .000 .000 .000
29 .228 .030 1.18 .008 .000 .000 .000 .000 • 000 .000 .000
30 .869 .019 .3~5 .006 .000 .000 .000 .000 • 000 .000 .• 000
31 .122 .128 .000 .000 .000 .000 .000

~\lE .000 2.21 9.04 20.2 3.53 .000 .000 .588 .058 1.36 .000 .000

MEAN ~NNUAl DISCHARGE 3.10 M3/S



STATION: ETHlllPIA WASl SHEBElLE JERER OEGAHBOUP

NUMeE~ : 132E4101

~VERA(E [AllY DISCHAPGES 1967-1968 (M3/S)

FEEF< ~ARC APRI MAV JUNE JUL 't' AUGU SEPT oeTa NOVE ~DECE JANU

1 .000 .000 .000., .000 .000 • 000...
~ .000 .000 .000....
4 .000 .000 .000
5 .000 .000 • 000

6 .000 .000 .000
7 .000 .000 .000
8 .000 .000 .000
ç .000 .000 .000 .000

10 .000 .000 .000 .000

Il .843 1.92 .000 .000
12 .866 .599 .000 .000
13 .335 .222 .000 • 000
14 .106 .151 .000 .000
15 .004 .468 .000 .000

16 .000 .130 .000 .000
17 .000 .000 .000 .000
18 .000 1.36 .000 .000
19 .000 1.57 .000 .000
20 • 000 .032 .000 .000

" , .000 .648 .000 .000~~

22 .000 .484 .000 .000
23 .000 .113 .000 • 000
24 .000 .000 .000 • 000
25 .000 .000 .000 .000

26 .000 .000 .000 .000
27 .000 • 089 .000 .000
28 .000 • 072 .000- .000
29 .000 .000 .000 .000
30 .000 .000 .000 .000
31 .000 .000 .000

~VE .289 .000 .000



STATION ETHIOfIA WAB r SHE BELLE JERER DEGAHBOUR

NUMBEP : 13284101

JlVERAfE OAILY DISCHAPGES

fEBR MARC APR 1 MAY JUNE JUL '( i\UGU SEPT ocre NOVE CEC f JA'.JU

1 .OCO .coo .000 1.13 • f 36 .ooc .OOC .cco .000 .ooc .ooe .000
2 .000 .000 .000 .582 5.45 • 000 .000 .000 .000 .000 .000 .000
3 .000 .000 6.22 .'5é5 é.3C .ooc .ooe .COC •cac .000 .000 .coo
4 .000 .000 1 .09 .373 5.66 .ooe .000 .000 • 000 .000 .000 .OJO
'5 .cco .000 2.16 .38é 1 .37 .000 .000 .COO .000 .000 .000 .OCl'J

6 .OGO .000 1.8'5 • le <; .324 .aoc .000 .000 .000 .000 .000 .000
7 .000 .coo 2.26 .1~1 • 000 .000 .000 .000 .coo .000 .000 .000
8 ~ooo .000 .316 .)OS .ooc • ~l oc .coo .oco .000 .000 .000 .000
9 .000 .000 2.08 .120 .000 .000 .-ooc .cco .000 .000 .000 .000·

10 .000 .000 1 .20 .037 .000 .000 .000 .-000 .000 .000 .000 .000

Il .oco , .000 .t14 .140 .181 .ooe .ooc .coo .coo .000 .000 .000
12 .000 .000 .199 .271 .043 .ooc .oco .000 .000 .000 .000 .000
13 .000 .coo .360 .000 .173 .ooc .000 .• 000 .000 .000 .000 .000
14 .000 .ouo .472 .319 .4':'4 .ooe .ooc .000 .000 .000 .000 .000
15 .000 .000 3.50 .655 .C87 .ooe .000 .000 .000 .000 .000 .000

16 .000 .000 2.00 .5;;0 .251 .ooc .000 .000 .000 .000 .000 .000
11 9.03 .000 1. 76 .319 .300 .ooc .000 .058 • 000 .000 .000 ' • 000
18 .000 .000 1 .50 .000 .188 .ooc .000 .000 .000 .584 .000 .000·
19 .oco .000 .616 .JOO • 037 . .ooc .000 .000 .000 .283 .000 .000
20 .000 .000 .434 .0~1 .eoo .000 .000 .000 .000 .000 .000 .000

21 .000 .000 .el1 ·1.C4 .ooc .ooc .000 .000 .000 .000 .000 .000
22 .000 .000 5.S2 2.77 .000 .ooe .oco .000 .000 .000 .000 .000
23 .000 .000 3.35 1.04 .000 .000 .000 .000 .000 .000 .000 .000
24 .000 .000 1.22 .414 .co C .ooc .coc .oco • 000 .000 .000 .000
25 .000 .000 .446 .225 .ooc .ooe .000 .000 .000 .000 .000 .000

26 .000 .000 .4C,1 .014 .000 .• ooe .000 .000 8.81 .000 .000 .000
?1 .000 .000 1.56 .00 a .coo .000 .000 .000 1 • Il .000 .000 .000
28 .000 .000 .305 .ooc • 000 • 000 .000 .000 .285 .000 .000 .000
29 .000 .000 2.21 .')00 • 000 .ooc .coo .000 .C84 .000 .000 .000
30 .000 2.22 ~2.0 .000 .ooc .000 .000 • 000, .000 .000 .000
31 .000 .826 •ooc .000· .000 .000 .000

AVE .~11 .000 1.58 1.44 .715 .ooc .000 .002 .334 • 029 .000 .000

~EAN 'NNUAL DISCHARGE .366 M3/S



ST~TIC'N

NU~BEP

ETH IOP U

13284101

WABl St--EBEllE JERER OEGAHBOUR

tVEP~GE OAIlY DISCHARGES 1C;é9-1970 (0/5)

FE BR MARC AP~ 1 MAY JUNE JUl y AUGU SEPT ocra NOVE OECE JANU

1 .000 .000 .000 .ooc .000 .ooc .000 .oeo .000 4.31 .000 .000
2 .000 .000 .000 .000 .000 .000 • 000 • 000 .138 1. 06 .000 • 000
3 .ooc .coo .000 .000 .000 .ooc .000 .000 1.13 • 000 .000 .000
4 .000 .000 .000 .ooc • (;0 a .ooc .000 .000 1.61 .000 .000 .000
5 .000 .000 .000 .ooc .000 .ooc .ooc .000 .655 • 000 .000 .000

6 .000 .000 .000 .000 .000 .000 .000 .000 .408 .000 .000 • 000
1 .000 .000 .coo .000 .000 .000 .000 .000 .634 • 000 .000 .000
8 .000 .000 .000 .ooc • 000 .ooc .000 .000 .506 .000 .000 .000
9 .oc a .000 .000 .000 .000 .ooe .000 .000 .114 .000 .000 .000

10 .000 .000 .ooe .000 .000 .ooc .000 .000 .000 .000 .000 .000

Il .000 .000 .000 .000 .000 •ooc .000 .000 .000 .000 .000 .. 000
12 .000 .000 .000 .081 .coo .ooc .000 .000 .000 .000 .000 .000
13 .oco .000 •coo .OQS • GOa .ooc .000 .000 .000 .000 .000 .000
14 .ooc .000 .000 .000 .cao .000 .000 .000 .000 .000 .000 .000
15 .000 .000 .000 1.05 .000 • 000 .000 .000 .000 .000 .000 .000

16 .000 .000 .000 .7t3 .000 .ooe .000 .000 .000 .000 .000 .000
11 .oco .000 .000 .OC1 .coo • OOC .000 .0')0 .000 .000 .000 .000
18 .occ .000 • 000 .occ .000 .aoc .000 .000 .000 .000 .000 .000
19 .000 .000 .ooc .ooc .QOO .ooc .000 .000 .000 .000 • 000 .000
20 .OCO 1.43 •coo .0lC .000 .ooc .000 .000 •ooe • 000 .000 .000

21 .oc a .546 .OOG .000 .000 .000 .000 .000 .000 .000 .000 .000
22 .513 .446 .coo .ooe • 000 .ooc .ceo .ocà .000 .000 .000 .000
23 3.61 2.12 .coo 1.23 .000 •ooc .000 .000 .000 .000 .000 .000
24 6.36 :.07 • 000 .356 • 000 .ooc .000 .000 .000 .000 .000 .000
?l:: .551 1.86 .coo .000 .ouo .ooc .000 .000 .000 .000 .000 .000'--

26 .1"5 1.54 .coc .ooc .coo .ooc .000 .000 .coo .000 .000 .000
21 .000 1.37 .coc .ooe .000 .ooc .GOO .000 .000 .000 .000 .000
28 .GOO .438 .000 .ooe .coc .ooc .000 .000 .000 .000 .000 .000
29 .000 .000 .ooc .ooc .ooc .000 .000 .000 .000 .000 .000
,0 .000 .000 .oce .ooe .000 .oco .oco .000 .000 .000 .000
31 .000 .oce .ooc • 000 1.7q .000 .000

AvE .403 .368 .000 .116 .000 •ooc .000 .000 .225 .1 7 9 .000 .000

MEAN ANNUAl OISCHARGE .106 M3/S



ST~TlCN : ETHIUFIA JEFER DEGAHBCUR

NU~BEF .: 13284101

AVERAGE CAllY OISCHAPGES lS70-1971 (~3/S)

FEER MARC APRI MAY JUNE JUl y AUGU SEPT ocra NOVE DECE JANU

1 .oro .163 .COO • c; t3 .coc .ooc .oce .coo .00 C .000 .ooc .000
2 .000 q.93 .000 6.26 .coo .ooc .000 .000 .000 .000 .000 .000
3 .aco 2.90 .ccc .819 .000 .ooc .COO .oce .000 .000 .000 .000
4 .oco 1.26 .000 4.é4 • 000 .ooc .000 .000 .046 .000 .000 .000
c:: .oco .~2~ .ccc 6.<;6 • 000 .ooc .ooc .000 .100 • 000 .000 .000--

6 .ooc .059 .coo 2.72 .000 .000 .000 .000 .00 c .ooe .00 a .000
7 .000 .000 .coc 7.49 .000 .000 .CGO • 000 .000 .000 .000 .OOJ
8 .cco .000 - • 000 2.24 .000 .ooc .ooc .000 .000 .000 .000 .000
<; .oeo 3.21 .coo .360 .000 .ooc .000 .000 .006 .000 .ooe .000

la .000 1.44 .874 1.15 .000 .ooc .000 .000 .024 • 000 .000 .000

Il .000 .381 .213 3.61 .000 .ooc .000 .000 .036 .000 .000 .000
12 .000 .269 3.13 .048 • 000 .ooc .000 • 000 .485 .000 .000 .000
13 .000 .909 .350 .GO C .037 .ooc .ooc .000 .303 .000 .000 .000
14 .000 1.27 .004 .OOC .C58 .000 .000 • oco .001 • 000 .000 .000
15 .000 4.53 2.50 .000 • 000 .000 .000 .000 .000 .000 .000 .000

16 .000 5.35 6.<;4 .000 .coo .ooe .000 .000 1.11 .000 .000 .000
11 .000 4.58 3.78 .178 .000 .ooe .000 .000 1.34 .000 .000 .000
18 .oco 2.01 17.9 .473 .coo .ooe .000 .000 .644 • 000 .000 .000
19 .000 .107 5.08 .182 .000 .ooe .000 .000 2.42 .000 .000 .000
20 .GOO .158 1.29 .000 • 000 .000 .ooc .000 1.11 .000 .000 .000

21 .000 .000 .139 .0 <; 7 .000 .ooc .ooc .000 1.14 • 000 .000 .000
22 .000 .000 .000 .200 .000 .ooe .ceo .000 .137 • 000 .000 .000
23 .oce .000 .000 .161 .000 .ooe .000 • 000 .451 .000 .000 .000
24 .000 .000 • 000 .083 .000 .000 .ooc .000 3.16 .000 .000 .OJO
2~ .000 .000 3.69 1.29 .1<;2 .ooc .000 .000 .449 .000 .000 .ùoo

26 .000 .000 2.14 •<;4 é .000 .ooe .000 .oco 1.39 .000 .000 .000
27 .000 .000 .025 3.44 .000 •ooe- .ooc .000 .248 .. 000 .000 .000
28 .000 .000 .ooe .269 .000 .ooc .000 .000 .036 • 000 .000 .000
29 .000 .ooc .000 .001 .000 .ooc .000 .000 .000 .000 .000
30 .000 9.50 .OOC .coo .ooc .000 .000 • 000 .000 .000 .000
31 .000 .000 .ooe .oco • 000 .000 .000

AVE .000 1.27 1 • c; 4 1.48 .C10 .ooe .000 • 000 .472 • 000 .000 .000

MEAN ~NNUAL DISCHARGE .434 M3/S



STATICN ETHIOFIA WABl SHEBEllE JEREJ< OEGAHBCUP

NUM8ER : 13284101

~VERAfE DAIlY DISCHARGES

FEeR MARC APF 1 MAY JU\J E JUl y AUGU SE PT aCTe NOVE DECE JANU

1 .000 .000 .coo .oco .000 .obc .ooc .000 .000 .ooc .000 .000
2 .000 .000 .000 .000 .000 .ooc .000 .000 .356 .000 .000 .000
3 .oco .000 • 4t 2 .1<;4 .ooa .000 .ooe .000 1.48 .000 .000 .000
4 .OGO .000 1. é3 34.1 .000 .000 .000 .oce .000 .000 • 000 .000
5 .000 .000 1. <; 8 8.23 .000 .ooc .000 .000 .000 .000 .000 .000

6 .000 .000 3.23 2.61 .000 .000 .ooc .ooe .000 .000 .000 .000
7 .oce .000 5.41 .21 7 .000 .ooc .coc .000 1.23 .000 .000 .000
8 .coo .000 2.74 10.2 .ooc .ooc .000 .C66 .000 .000 .000
9 .000 .000 1.28 4.70 • 000 .ooc .000 .475 .000 .000 .000

10 .000 .000 2.45 2.92 .000 .ooc .coc .000 .000 .000 .000

l 1 .000 .000 4.38 1.53 • 000 .ooc .000 .000 .000 .000 .000
12 .occ .000 5.55 1. c; 7 .000 .ooc .oco .000 .000 .000 .000
13 .occ .000 2.c;4 4.29 • 000 .ooc .GOO .000 .000 .000 .000
14 .ooa .000 .6E7 .757 .000 .ooc .ooc .oeo .000 .000 .000
15 .000 .000 2.89 .349 .000 •ooc .000 .000 .000 •.000 .000

16 .000 .000 1.04 1.e7 2.39 .ooc .cco .oco .000 .000 .000
17 .oco .000 .1'·7 1.46 .846 .ooc .000 .000 .000 .000 .000 • 000
lA .GOO .000 .000 ~.48 ::' j;;' .ooc .000 .347 • COO .000 .000 .000_._<t
le; .oco .000 .110 3.31 3.04 •ooe .000 .162 .000 .000 .000 • 000
20 .coo .000 .2:6 .291 2.15 • OOC .000 .000 .000 .coo .000 .000

21 .000 .000 .C07 .000 2.11 .ooc .coo .000 .COO .000 .000 .000
22 • ~)C a .000 .OGC .000 1.09 .OOC .CGO .000 .000 • 0:)0 .000 .000
23 .ooe .000 .0.00 .045 .463 •ooc .000 .OGO .000 .000 .000 .000
24 .000 .coo .000 .185 .C83 .ooc .000 .ooe .000 .000 .000 .000
25 .ooe .000 .000 2.25 .coo .ooc .cco .000 • 000 .000 .000 .000

26 • OC C • 000 .000 1.77 .000 .ooc .000 .000 .000 .000 .000 .000
27 .000 .000 .000 1.01 .000 .000 .000 .000 • 000 .000 .000 .000
28 .000 .000 .000 .6<; 7 .coo .ooc .000 .000 .000 .000 .000 .000
29 .000 .000 .4<; 2 .000 .000 .000 .coc .000 .• 000 .000 .000
30 .000 .000 .278 .000 .000 .000 .cco • 000 .000 .000 .000
31 .000 .000 .ooe .000 .000 .000 .000

AVE .000 .000 1.24 2.92 .50 7 .000 .000 • 035 .000 .000 .000



STATION: ETHIOPIA WABI SHEAELLE FAFEN t<E A~ 1 DAHA R

13281é02

~VERAGE OAILY DISCHARGES

FEEfè MAP( AFFll MAY JUNE JUL y AUGlJ SEPT OCTe NOVE DECE JANU

1 .ooc .oco .cce .GOO .405 .000 .000
2 .000 .0.00 .000 .000 .153 .OOQ .000
3 .000 .000 .000 .coo • 053 .ooc .000
4 .ooc .000 .000 .000 .006 .000 .000
5 .ooc .ooe .oce .000 .000 .000 .000

6 .ooe .0Ge .oeo .000 .000 .000 .000
7 .oac .000 • oco .000 .000 .000 .000
8 .ooe .cco .oco .000 .000 .000 .000
9 .ooe .ooc .000 .000 .000 • 000 .000

la .ooc .000 .oco .000 • 000 .000 .000

Il .ooc .000 .000 .000 .000 .000 .000
12 .OOC .000 .000 • 000 .000 .000 .000
13 ".ooc .ooc • 000 .000 .000 .000 .000
14 .ooe .occ .000 .000 .376 .000 .000
15 .OOC .ooc .000 .490 .835 .000 .000

16 .ooc .coo .000 .110 .216 .ooe .000
17 .ooe .coo .oco • 008 .166·· .000 .000
18 .000 • oqo .000 .000 • 056 ..• 000 .000
19 .ooe .oeo .cce .ooe • 006 .000 .000
20 .ooc .000 • 000 .000 • 093 .000 .000

21 .ooc .coc .000 .000 ~ 030 .000 .000
22 .000 .000 .ooc .000 .076 .000 .000
23 .ooc .000 .000 .000 • 013 .000 .000
24 .ooc .000 .COO .000 .ooc .000 .000
25 .000 .000 .000 .000 .000 .000 .000

26 .-ooc .coo • 000 .000 .000 .000 .000
27 .OOC .000 .OCO • 000 .000 .000 .000
28 .coo .ooc .000 .000 .000 .000 .000 .000
2<1 .000 .ooc .000 .000 .000 • 000 .000 .000
30 .coc .ooc .000 • 000 8.08 • 000 .000 .000
31 .ooc .000 1.69 .000 .000

AVE .ooc .'000 .000 .1'37 • 083 .000 .000



STATION : ET~IOpr~ WABI SHEBElLE FAFEN KEBRI DAHAR

~U~BER 13281602

~VERAGE CAIlY OISCHARGES 1«16c;-1C;70 (M3/S)

fEe~ MARC APP 1 MAY JUNE JUl y AUGU SEPT aCTe NOVE OEce JANU

1 .000 .oco .coo .000 .coo .000 .000 .000 .000 .000 .000 .000
2 .oco .000 .000 .ooc .000 .ooc .000 .000 .000 .000 .000 .000
3 .000 .000 .000 .000 .000 .ooc .000 .oco .000 25.3 .000 .000
4 .000 .000 .000 14.8 .000 .ooc .000 .000 .000 13.5 .000 .000
5 .000 .000 .ooc S.g2 .000 .ooc .000 .000 .000 1.69 .000 .000

6 .000 .000 .coo t.32 .000 .000 .000 .000 .000 .579 .000 .000
7 .000 .000 .000 26.1 •cao .000 .000 .000 .000 .201 .000 .000
8 .occ .000 .000 44.9 .000 .000 .000 .000 .000 1.71 .000 .000
9 .000 .000 .coo 2.31 .000 .000 .000 .000 .000 .oao .000 .000

la .000 .000 .000 .862 .000 .ooc .coo .000 1.67 .000 .000 .000

Il .000 .000 .000 5.15 .000 .ooc .000 .000 1.13 .000 .000 .000
12 .000 .000 .000 S.19 .ooc .ooc .000 • 000 2.37 .000 .000 .000
13 .000 .000 .000 17.0 .000 .ooc .coc .oco .579 .000 .000 ..• 000
14 .oco .000 .000 6.68 .000 • 000 .000 .000 .141 .000 .000 .000
15 .coc .000 .000 2.47 .000 .ooc .ooe •oco • 036 .ouo .000 .000

16 .occ .000 .000 5.7C .coo •ooe .000 .000 .ooa .000 .000 .000
17 .ooc .ooc .coo 6.46 .000 .ooc .000 .oeo .000 .000 .000 .000
18 .000 .000 .000 7.33 .000 .ooe .coo .000 .000 .000 .000 .000
19 .occ • 000 .coo 2. 71 .000 • ooc .000 .cco • 000 .000 .000 .000
20 .OCG • 000 .000 l • 13 • CO 0 .ooc .000 .000 .000 .000 .000 .000

21 .occ .ooc .coo .270 .0-] C .ooc .000 • 000 .000 .000 .000 .000
22 .000 .000 .coo .1(;3 .coo • 000 .coo .000 .ooc .000 .000 .000
23 .ooc .000 .000 .ü76 .000 .ooe .000 .000 .000 .000 .000 .000
24 .occ .cuo .0(;0 • 0 ~ 1 .OGC .ooc .000 .ooe .OGO .000 .000 .000
25 .cco ' - ~ .cce .oc e •ou 0 .ooc .000 .000 .000 .000 .000 .000... dO

26 • DO a • 7e 7 .cco .OGC .000 .one .000 .000 .000 .000 .000 .000
27 .cc a .400 .coo .occ .000 .ooe .000 .oco .000 .000 .000 .000
28 .000 .0fO .coo • Je 0 .OJO .ooc .OCC .occ • 000 .000 .000 .000
29 • G1 3 .000 .oce .C0C • OOC .000 .OCO .000 .000 .000 .000
30 .oco .000 .ace • QI) a .000 .coo .oco .000 .000 .000 .000
31 .000 .ooe .ooe .000 .000 .000 .. 000

AvE .000 .C91? .000 ~.:'7 .000 .00C .COO .000 .192 1.44 .000 .000

MEAN AN NUA L DIS CHA fi GE .6ca M3/S



ST~TION ETHIOPIf.

13281'602

WABI S"'E~ELlE FAFEN KEB,R IDA HAR

~VERA(E DAILY OISCHARGF.S lC;70-1Cj71 (M3/S)

fEEFi ~ARC APFi 1 MAY JU~E JUL y AUGU SEPT ocre NOVE OECE JANU

1 .000 .000 .COO 3.17 • .: Cj 8 .OOC, .OOC .000 .005 .7:34 .000 .000
'2 .000 .000 .000 11.2 .316 .OOQ .000 .000 .000 .292 .000 .000
3 .000 .000 .coo 13.C .201 .OOC .ooc .000 .000 .072 .000 .000 .
4 .000 5.29 .420 7.27 .C33 .000 .000 .000 .000 • 010 .000 .000
5 .000 1.:2 6.42 3.46 • OH: .,00 C .OOC • OOC .000 .000 .000 .000

6 .000 1.42 5.13 1.57 .COC .OOC .000 .000 .000 .000 .000 .000
7 .000 .716 .'170 13.4 .COO .... 000 .000 .000 .000 .000 .000 .000
8 .000 .231 .1EO 7.33 .000 .oac .000 .000 .000 .000 .000 .000
C1 .000 .048 .048 2.60 .000 .ooc .000 .000 .000 .000 .000 .000

la .000 .006 .033 1.Ç3 .COO .ooc .ooc .000 .000 .000 .000 .000

Il .000 .000 2.20 4.88 .000 .ooe .000 .000 .000 .000 .000 .000
12 .000 .000 .615 ·28.3 • c.OC .ooc .ooc .000 .014 .000 .000 .000
13 .000 .000 lé.9 e.78 .000 .000 .ooc .000 .426 .000 .000 .000
14 .COO .000 5 "le: 2.12 • 000 .0ùC .000 .000 .247 • QOO .000 .000.L..

15 .000 .000 3.26 1.18 .000 .ooe .000 .000 2.45 .000 .000 .000

16 .000 17.6 .926 .8 t: 2 .000 .OOC .COO .COO 1.1 7 .000 .000 .000
17 .COO 5.13 15.5 .850 .000 .OOC .000 .000 4.05 • 000 .000 .000
18 .000 6.68 14.0 .579 .000 .ooe .ooc .000 2.17 .000 .000 .000
19 .000 ~.86 7.C5 .216 .000 .ooc .000 .000 4.82 .000 .000 .000
20 .ooc 3.01 16.2 t.68 .OOC .000 .000 .000 5.11 .000 .000 .000

21 .000 4.67 21.5 1.23 .coo .ooc .000 .000 3.35 .000' .000 .boo
22 .000 4.25 7.19 .405 ' .000 .ooc .000 .000 2.32 .000 .000 .000
23 .000 1.56 3.23 .115 .000 .OOC .000 .000 .915 .000 .000 .000
24 .000 .928 18.3 .801 .000 •.000 .000 .000 1.81 .000 .000 .000
25 .000 .420 4.21 .SSt .000 .ooc .ooc .000 2.00 .000 .000 .000

26 • 000 .180 4.55 . .243 .000 .ooc .000 .000 2.17 .000 .000 .000
21 .000 .036 2.91 .061 •cac .000 .000 . 7.40 2.23 .000 .000 .000
28 .000 .001 .<;28 .021 .000 .000 .000 1.26 12.8 .000 .000 .000
29 .000 4.00 3.25 .000 • 000 .000 .281 3.94 .000 .000 .000
30 .000 2.18 5.38 .000 .OOC .000 .066 1.23 .000 .000 .000
31 .000 1.44 .OOC .000 .430 .000 .000

AVE .000 1.85 5.47 4.30 .041 .ooc .000 .300 1.15 .037 .000 .000

MEAN ~NNUAl DISCHARGE 1.15 M3/5



STATION : ETHIOPI~

NUMBER : 13281602

WAB 1 SHE BEll E FAfEN KEBRI DAHAR

~VEPAGE OAILY DISCHARGES

fEEI< MARC APR 1 MAY JUNE JULY AUGU SEPT ocro NOVE OeCE JANU

1 .000 .000 .GOC .000 • ~34 .585 .000 .000 .000 .010 .000 .000
2 .000 .000 .coc .ooe .430 .261 .000 .000 .000 .000 .000 .000
3 .000 .000 .000 .000 .242 • 092 .000 • 000 .000 .312 .000 .000
4 .000 .000 .coo .occ .092 .047 .000 .000 .000 • 036 .000 .000
5 .000 .000 .000 .ooe .034 .022 .000 .000 .000 .559 .000 .000

6 .000 .000 1.2(; 21.8 .OC7 • 007 .000 .000 .000 .267 .000 .000
1 .000 .000 2.57 24.2 .coo .000 .000 .000 .000 .026 .000 .000
8 .000 .000 1.14 25.9 .000 .000 .000 .000 1.23 .003 .000 .000
9 .000 .000 6.44 5.64 .000 .000 .000 .000 9.97 .000 .000 .000

la .000 .000 2.99 16.2 .000 .ooc .000 .COO 5.67 .000 .000 .000

11 .000 .000 3.23 7.72 .000 .oco .000 .000 3.81 • 000 .000 .000
12 .000 .000 .8é4 3.59 .coo .ooc .000 • 000 .267 .000 .000 .000
13 .000 .000 1.01 1.90 .000 • ooc .ooc .000 .061 .000 .000 .GOO
14 .000 .000 3.50 2.17 .000 .ooc .000 6.C6 7.33 .000 .000 .000
15 .000 .000 1 .81 1. CO .ooe • ooc .000 1. 02 11.2 .000 .000 .000

16 .000 .000 2.11 3.26 .000 • ooc .000 .231 1.9'3 .000 .000 .000
17 .000 .000 1.41 1.23 .000 .000 .000 .213 .243 1.33 .000 .000
18 .000 .000 .373 5.31 .000 .000 .000 •ca6 .111 .615 .000 .000
19 .ooe .000 .177 1.6é .000 .OOC .000 .040 • 030 .226 .000 .000
20 .000 .000 .149 2.1e 4.44 .000 .000 • 021 • 013 .131 .000 .000

21 .000 .000 .166 5.16 2.42 • ooe .ooe .000 .000 .053 .000 .000
22 .coo .000 .091 2.25 1.18 .000 .000 .000 .000 .025 .000 .000
23 .000 .000 .C40 .847 .4C;6 .ooc .000 .000 • 000 .010 .000 .000
24 .000 .000 .005 .321 1.78 .OOC .000 • 000 .340 .000 .000 .000
25 .000 .000 .000 .075 1.45 .DOC .000 .000 .053 .000 .000 .000

26 .000 .000 .000 .051 .729 .000 .000 .000 10.1 .000 .000 .000
27 .ooc .000 1.90 .012 1.87 • 000 .000 .000 7.12 .000 .000 .000
28 .000 .000 .11 7 .001 1.03 • 000 .ooe .000 1.15 .000 • 000 .000
29 .000 .031 .361 .411 .000 .000 .000 .469 .000 .000 .000
30 .000 .OC5 .981 .573 • ooc .000 .000 .143 .000 .000 .000
31 .000 .331 .OOC .000 • 030 .000 .000

AVE .000 .000 1.05 4.32 .591 • 033 .000 .256 1.98 .122 .000 .000

ME~N ~NNUAL DISCHARGE .104 M3/S



ANNEXE II

MONTHLY EVAPORATION
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TABLE 2.20

RESULTS OF PAN ~VAPORATION TESTS

THlWUGHOUT THE SURVEY PERIOD (mm)

D
oo . N·o

:
A SJJA°F ° !-fJYear : Total :

: p/year :
..~.•__...-_: _.._ca ~__: __..... : : __: : __: : .....--.-.:__ : : .• ~.

o·.
o·

o·1 63<:
1 968
1 776

163
180
183
175

129
165
175
155

o
o

154
140
177
127

130 :
120 :
147
113

··
133
105
130
119

: 143
104
136
113

149 138
180 : 170 :
174 : (154):

o.
144
177
143

140
180
175

o.

140 109
14? 171
16~ 1~8

196f!
196';1
1970
1971

°
°ADABA
:

11,3 183
199 D2
171 ~ 1.~J..

lit.) :
232
182 :
J'30:

·o
·o ·o·o

1 434
1 394

1 565 :
1 693
1 638

o
o

o
o

·o

139
lt3J
16lt
110 :

: 130 : 121
• '27 . 155
° ~39 138

8/~ : 152
102 : 136 :

99 : (126':
96 101:

119 107
10) 127
102 87
1Û5. 9('

°·o

124
115

99
113 •

o

8l;.
118
87

123 :

lCl5
J J.1
111

87
102
112

93
·o

11.'.
132
117

129
128
105

·o

1.36
lA8
108

149
1~'"._--
20M.

·0

129
1~

11M

1>'0
126
125

1.05
101
12.3

o
o

1C(,
129
l'il

112
105
125

11;.]
226

1968
1969
1970
1';111

:TICI-tQ...

1968
'.:;69
1170
1971

•:·!t',ANA:..._-

.
• 'j07 : 33(; . 3hl : 324
· 3)2 : 336 : 353 : 216
: 3()9 : ;1.0 : 3)3 : 27h· .

..
267 : 274 : 295

31.9
275 : 280 275

:164 138
164 : 168
167 : 153 .
143 : (130):

°

2 ::13
1 858 .
1 836 •

·o

• .3 723
: 3 7'73·

:

210 : 250

255 : 274
198 : 231 : 2 896

: 191+ : 260
237 : 30!;.
283 : 333
265 : 333.

o
o

:

: . .
;:':2 150: 227 °

171 165: 186 °

l~b 204: 195 °

150 ° 137 • ~.S2
°

.
o

273 : 208
274 : 202

310 : 217 :
o
o

339 : 226
342 . 229

· 362 : 253
; 38h : 243

·o

150 . 165
167 ° 177
130 126
137 : 141

%40 : 279

283 : 275
266 282

136
136
156
122

.
298 : 272
35C : 375
3l;.8 • 380

: 369

o·

o·
189 : 240
276
"dJÂ. : 251
195 : 225

°257 : 327
273 : 304
231 : 298·

o.
298
.'2c:5

: 223

2;1 : 267
121 • 149
180 169

o
o

239 : 2m
1h9 ° /02
180 165

1968
1969
l·nG
1971

1968
1969
19(0
1971

1963
1 o" ~.... ,.0'7

Ilf/O
1971



ANNEXE III

SUSPENDED SEDIMENT TRANSPORTATION



- A.III-l -

TABLE 10.1

SUSPENDED SEllIMKNX TRANSPORTATION

OF THE WABI SHEBELLE AT; MALKA WACANA

:-------: :----:--.,....:._---....., -- ---:------::-:...----:-_.~=---:-

: dis- :Turbi-: sedim/:
:Ch<l.zrge : ditY :;diseh.:
: nr" /5 : gj;;3 : levs :

II
sea1e

m

: dis- :Turbi-: sedim/:
: ebp.rge: dity~ :diseh.:
: rr?/s : g/rrr : kg/s :

H
sea1e

In.

Year 1968
1 :27- 9: 1,':\9 1:0,9 68,0
2 : 1-10: 1,1.2 . 4:,9 5/+,1
3 : 3-10:1,56~~,55: 52,0 57,5
4 : 1:-10: 1,~J: 41,6 56,5
5 : 7-10: 1,53 . 50,3 59,L-
6 : 9-10: 1,28 . 34,7 59,5
7 :12-10:0,97-0,96: 18,4 . 61,6
e :Hr10 : 0,89 • 14,r, : 45,9
9 '1~~10' 0·.'::'5 13,0 : 48,2

1r: :16-10: O~dh 12,0: 45,5
1: :17-10: 0~81 1~,5: 43,5
~2 ·~9-11· O.RO li,): 20,2
13 ~ 4-12~ 0,67 7,CO; 25,6

Year 1969

0,20
: 1,40 1
: 1,00
: 8,70
:32,8
:14,1
:11,9
:16,2
:21,0 , .
:lC,9
: 9,30
: 8,90
: 7,40
:21,2
:26,4
:38,5
:12,8

6,90
3,90
~,90

3,90
h,eo
2,90
2,1;.0
3,20
1,80
1,10
1,1'rO
1,;0.:
2,00
0,90

17,5
74,4

: 37,7
:121
:305
:151
:137
:162
:231
~1]4

:122
:107
:120
:105
:225
:296
:169

99,1
71,5
70,7
52.h
6q ;3
5:',0
5/;.,8
87,3
57,5

: 37,0
: 46.,7
: 3<;,3

80,?
45,0

:1 'X.~

8,50:
: 19,5
: 25,7
: 71,7
:108
: 93,7
: 87,4

91,2
tü,3
76,8
!:i3,1
62,2

:115
:118
:130

71: c-, ".

69,3
54,"

. 84,0
7~,0

71-.,4
57,6

: 44,2
~, 2

~ ..)u,
)2,9
29,0
30,<;
32,0
24,9
20,0

0,72
0,99
1,11
1,81
2,18
2,05
1,0<.3
2,1.1.
2,0~

1,92
1,37
1,94
1,6')
2 ,;:.~

2,~7

2,38
1 .. 86
1:?8
1;59
1,'15
1.85
1'96
1,63
l,lJ.1+
1,31
1,21
1,17
1,21
1,23
1,09
1,00

: 29 : 3- 6:
1.70 : : 30 : 7- 7:

., : 31 :1;- 7:
2,30 .: " 32 :27- 7:
3,00' ~ ..
2 l ' 3'2 :28- 7:, .l; .J

3,:Jü 34 :29- 7:
2,10' 35 :30- 7:
1 10 36 :31- 7:
0 '70 37: 5- 8:
(j »0 ::3d : 6- G:

, 39 ·.12- 8".
0,60 4'0~ :1)- 8:
0,50· 41 :15.. 6:

~:~g: 42 :22· 8:
. 43 :23- 3:
: : 1+1.. :23- d:
: : 45 :27- 8:

O,~O : : 46 : 1- 9:
6,70 47: 2~ 9:
3,10 4~ :13- 9:
2,30 49 :14~ 9:
O,jO jO :15- 9:
0,)0 51 :16- 9:
0,20 : 52 :17- 9:
0,30 53 :20- 9:
0,30 54 :21- 9:
J,30 55 :23- 9:
0,)0 .: 56 :24~ 9:
O,hO 57 :25- 9:
0,60 58 :26- ?:
3,60 59 :28- ~:

3,30

44,0
~19,7
51, ,;
4u,1
25,1)

. 30,~ -:

. 20,0
: 25,0
: 25,0
: 34,h
: 24,8 ~

: 24,4
: 31,6
: 80,0
:120

5,90:
67,4
5/..,9
47,5
18,0
10,R
10,1
10,8
11,5
12,2
13,0
16,7
18,6
1 c: /
'r) ,0

2'7 ,~~

0,6.3
"l.,75
.l,62

. 1,49
0,95'
0,79
0,77
0,79
0,81
0,83
0,85
0,93
0,97
1.46
1,142J :13·· 5:

li, :23- 1:
15 ~""6-:;"
16 :"'.2" ~ ~

17 :30- 3:
~8 : 4- L~:

19 :16- 4:
20 :17- 4:
21 :19- !~:

22 :20- 4:
23 :21- 4:
24 :22- 4:
25 :25- 4:
26 :27- l~:

27 : 2- 5:

::s:.-,



- A.III-2 -

TABLE 10.2

SUSPENDED SEDIMENT TRANSPORTATION

OF THE WAB l SHEBEI.T.E AT RAMERO-HEDAD

=='l.-~

. H : dis- : Turbi- : sedim/ H : dis- : Turbi- : sedim/.
: l~o :Date ~ sea1e : char.: di ty : diseh. :N° :Date Bea1e :~arg.: ditY : diseh. ··

: m :rr2/8: g/rrJ.3 kg/s m :, /a: g/W; · kg/fi :·
:--: :-- -: :---: ----:-~:--:--~:......._._.-:

year 1968 31 :26- 9: 1,93 8~ ,2: 104 : 9, cc.':
• • · 29 6·: 32:28- 9: 1,86 79,2: 205 16,3 ·1'20- 7' 2,]'- :120 246 ·· . , . 33:29- 9: 1,76 70,1: 97,5: 6.,'30:

2:14- 7: ),1.1 :227 1 !·b') .333 ·· 31+:30- 9: 1,7J 67,6: 96,('~ 5.'SO:]'1.5- R' 3,j9 '26l;. 1 736 46f.. ·· . · ' 35: 1-10: 1,89 82,C. 980 SO,ii'
l+: 17- s: 3,35 ~263 1 765 46; 36: 2-10: i,68 6),3 : 1 127 71,35")2- :' 3,71 :321 822 · 264· . ';7: ;-10: .i,71 ';5,8: ~)6'2 1'7,2· .

1969
:;3: 4-10: 1,64 59,9: 54(1 32,0

year :sq. 6-12: 1,69 64,2: 648 41,0, .
6:12- 4: 2,50 :150 . 651 97,: 40: 7-10: 1,67 62,1.: 85,8. 5,/.i.0:.
7~16- h: 2; 02 · 95,6: 405 î8,7 L.1:~0-18: 1,74 68,L..: 510 34,9 ·· · ·2:;0- 7: 2,97 :219 1 058 232 · · 42:11-10: 1,70 65,0: 29/.;. · 19!1 ·· · · ·. 9: 3- 8: 3,54 :3Cû 8'78 270 · · 43 :12--10: 1,6L;. 59,9= 14'; 8, 'JO:· ·

10: 4- 6: 3,23 :258 1 494 336 ·.. 44:13-10: 1,56 53.3 : 194 · 10,3 :· . ·!.1:16- 8: 2,67 :174 467 7),7 · · 1~5 :16-10. 1.41 : 42,2: 40,4: 1) 70:· ·
12:2.4- 8: 2,95 :2i6 352 '75.,;; . : · 46:18-10: 1,34 : 37,6: 106 · 4,00:· ·
~J :26- a' 3,25 :~61 : 3 341, ~73

.. · 1+7:2:-10: 1,27 : 33,0: 19,9: 1),70:· ·14:27- 8: 3:18 :251 1 iJ.6:s 367 · · 43:27-10: 1,22 : 29,8: 14,3 : o l~O:· ·15:28- 8: 3,31 :27J. 1 247 337 · ·· · :ï'ear 197016:28- 8: 3,40 :286 1 423 406 · · ·· · ·17:29- 8: 2,96 :218 1 168 254 · : · h9:?)- 3: 2,1.;.0 :lh7 1 117 16h· ·18:30- 8: J,29 :267 612 164 · · 50:27- 3: 1,91 80,8: 520 42,0· ·19:31·· 8: L,lj2 :196 1 695 · 332 · · 51 :28- 3: 1,95 84,2: 1 053 88,7· · ·20: ::.- 9: 2,96 :218 501 109 · · 52:3~- 3: 1,98 86,8: 750 65,1· ·21: 2- 9: 2,95 :216 60a r 1 · · 53:2-4: 1,77 69,8: ' 200 18,0,J.J. · ·22: 3- 9: 2,68 :175 659 1ij · : 5h: J- 4: 1,67 62,6: 260 16,3·2') • 4- 9: 2,46 ;;145 6]4 91,9 55: 9- 4: 1,62 59,3 : 375 22,J,J.

24: 5- 9: 2,34 :130 570 74,2 · '. 56:1i- 4: 1,83 74,4: 287 '21,)· .
25: 8- ';1: 2,59 :163 580 94,3 · · 57:12- 4: 1,77 69,6: 3 565 2/!~· ·

, . 26: 9- 9: 2,91 :210 1 138 439 : .: 58:1h- 4: 1,98 86,8: ) 600 313.
27:10- 9: 2,89 :207 1 259 261 : .: 5j:15- 4: 1,98 86,8: 2 707 235
2~' ~ 16- 9: 3,30 :269 528 · 142 6G:16- 4: 2,50 :153 : '3 587 5h9·'. 2';:18- 9: 2,68 :175 408 · 71,5 61:16- 4: 2,85 :208 :ll~ 727 :3 056·)u:23- 9: 2,10 : 10/~ 96,8: 1C~O : 62:17- 4: 3,84 :)35 : 8 077 :3 110
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TABLE 10.2 C•.. )

SUSPENDED SEDIMENT TRANSPORTATION

OF THE WABI SHEBELLE AT HAMERO-HEDAD

.
. "

292
711
983
772
270

66,3
18,0

""

:1 128
: '394
;1 467
: 643
: 586
:3 169
:3 944
:4 129
:2 955
:1 189

630
44h
253
385
452

390
522

:1 37u
329
454

3 810
2 h3ü
4 500
1 700
1 980
5 230
8 650
7 690

: 5 81+0
3 040

: 1 920
1 {.,90
1 '00
1 250
1 45(;

2 190
., 'IV;
',. 150

:13 610
: Cl 670)

1 431
1 ?90
:3 590
4 41C
3 5J.·)
1 9UO

650
200

3,42 :296
3,82 :368
3,59 :326
3,38 :378
3,42 :296
5,05 :606
4,31 :456
4,72 :537
4,57 :506
3,95 :391
:3 ,60 :328
3,24 :z63
3,02 :..::30
3,4': '308
3,5: :312

2,68 :1'78
2,71 :18(l
3,60 :33"
3,10 :242
3,27 i;!.72)
3,05 :235
3,00 :227
2,82 :198
2,98 :223
2,96 :220
2,1;2 :11~

2,00 :102
1,98 90,0:

:Date:1\10
H : disch: Turbi- :sediml

sca1e :'q.arg: di ty _ :disch.
: m :rr?/s: g/rr;3 : IQ?Js

: ........_-----: ..,-_..-: :-:----:---:--:---:~:
c"•.1: •. ) 91 :12- 8:

2,91 .'218 "" 6 ?20 :1 354 : 92:13- 8:
": 275 fr),".l /._ 8'.2,49 :152 : 1 S13 7~ ~

~,:i8 :135 . 1 '63 " 157 : 94:16- 8:
3,50 :324 :38 253 :t2375 95:17- 8:
2,26 :117 . 880 . 103 96:18- 8:
2,28 :120 : 3 4'77 41: 97:21- 8:
2~ 1.L~ ·102 : 1 117 : 114 98:22- 8:
1,19 . 87,6: 67(" " 58.,7 : 99:23- 8:
2 1 " "341. :100:')/- 8:, 4 .1C~ :; 33~ _ ~
2,60 ::83 :lG 700 "t 951 :101:25- 8:
2 ,1~e '150 : J '183 : 2qé :.L02 :26- 8:
2,50 :152 " 510 " ~o 0 : :~03:27- 8:
2,38 :136 1 C~ . 136' .~ ,:104;29- 8:
2.10 '104 2 (~'Ü 208: :105·30- 8:
2,12 :106 460 49,J . :Year 1971
2,~7 ::23 2~0 36,0 "
2,~J :~10 "1 290 271 :106:10- 8:
2,67 :~75 : 2 750 481 :107:16- 8:
2 61 '11 • ~108:2o- 3:, . --07 . 1 740 :C91
2,h1 :1~0 : 1 j80 193 :109:21~ 8:
2~68 :1'77 : 1 310 232 :110"28- 8:
2, l:l+ :144 : 1 400 202 :111 :29- 8:
2,49 :150 : 750 . 112 :112: 1- 9:
3,br :~40 : 4 l~n :1 408 :113: 4- 9:
3,34 :283 : 4 9<jC :1 412 : :114: 6.· 9:
3,22 :262 . 4 800 :1 258 :115:12- 9:
3,00 ·?~O 2 150 : 495 :116:16- 9:
3,21 :260 6 360 :1 654 :117:21- 9:

" :118:~8- 9:

H :dis-: Turbi- : sediml
sca1e .cbar.: ditY : disch.

m :m2/s g/m?: kg/s
: __:~:J :_

:nO :Date

~-====--==.==--=,=='--=========================
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TABLE 10.3

SUSPENDED SEDIMENT TRANSPORTATION

OF THE DAKETA AT HAMERO-HEDAD

__ :::z=:

H
:Ho :Date : Beale

m

:,dis- : Turbi
:c~ar,: ditY
:n?/5 : l{S/m3

sedim/
: disch.

kC/s

· .· .
: :110

· .· .
li

:Dat.e : scale
m

:.dis- : Turbi':' : sedim/
··charg: dity : disch,
; ~ / fc' • kg/rrr'3: lee!s

:_:--.--.: .. :__ .: : ......... : :~: :.....~:_. • r~: uc_w:

:

.
~2,9 :14 147 •
34.4' 516 .:
13,1 1.19: ' :
50,8 914::
60,7 . 6 SZO . .
61)3 :12 &13
26,6' 6W' .
'3.1. 57,C:

6,00: 1h,C:
59,0: 767 :
14,?·' 9/,6:·

Year 1970
1·:;~ 9·
2:':'6- 9:
3 ·28- '~

1 :17-10'I-j. • •

5:17-10:
6:21-10:
7'22-10:
8:2'3-10:
9:?h-l0:

H':27-10:
11'29-10·: :

'2,79
C,8:
0,4S
0,90
1,72
2>14
1,lh
0,68
0,50
0,90
0,62

1,60
0,'31
0,40

:43':: :
: , ..- 0:· ... :;, .
• 'J, 2(J
: 1ë 0:· ,.
:11i l- :
'21~ .
: 26 0:, .

4,5C:
4~

13,0:
6,5Q.

.
78 C', .

fJ,OQ
:>'5Q

22 1, .
5/,0:
2,60:.

1 ~4 .
42 O·, .

1 "JI"T ,
, .,IV•·

. .
15: 3- 1-:
~_6· 4- f.'
:!.",: 6-'1::

1 • "'"".

la: 7- Ll.:

19·1:·.' 4:
20:11~ 4:
L1 :15- l~:

22:17- 4:
2J:27- 4:
24: 3- 5:
'J.5: 4- 5:
:.: 6: 5- 5:
27: 6- 5:
28: 7- 5:
29' 8- 5·
3e: 9- 5:
31:11- 5:.

. .
0,47 : 1,00:
0, 9(; :13 , 0 .
0,95 :11),0
2 :30 :.:':5
J,55':70,O
1,~5 )5,U ,
0,;1 . 2,20:
0.39 : :!., r,o:
0.18 : ~, ~O:

1;0 92 :,140 :
1,48 '60. C •
12C :30 0 :. , .
?.,70 ") J.P
1,13 . ?'J., 0:
0,87 ':':',0:
l,OC 17,0:
0,80 9,5~.

. .
7,10: 7,10:

13,4· l74
25,7 "15
24,3 : 5 ~~Q7
1;.8· 8~)

16 " 5"',,~~ ,,.,. .
5,50: 12,1.
0,59: 0,59:
0.25: .

25,0 :3 500
16,J • 9b6
12,::;. )69
2G,4 :-" 038
14,6' 321

r: "0· 68 0 :"),. ,.
7,90: 1J4. .

13,9: 1]2

======:::::;:=========-':------'-=======::::==-==-===~
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TABLE 10.4

SUSP2NDtD SEDIMENT TRANSPORTATION
./

OF THE "ABI SHEBELLE AT GODE

:-:----:-.--:- ---:-----::..-:.-..-:-_.._-:----:--- ---:
Il : dis- : Turbi- : sedia/

;IJo :l)ate : sca1e : oltar.: dity disch.
: In :rrr/6 : rJ~ kg/s

135 :
311
~

394
197

98,3 :
69,6:
54,7:
66,2:
43)7:
41,9:
35,0:
55,0;
20,0:
25,?:
27,6:

101 :
93,4:
71,7:

261
1 82~

; 1 49G
: 3 218
:33 945
: 5 592
: 4 075
: 5 995
: 3 818

1 538
76é .
663

1 090
986
236
361 .:
858
h63
336..

1,05 :155 870
1,30 :197 ' 579
1,02 :150 2. 876
0,97 :11...3 2 76(]
0,87 :123 1 ;41
0,70 :10j :" 955
0,60 : 9(,.0: 773
0,55 : 83,5: 655
0.'+8 : 74,3: 891
O,LI-O : 65,7: 666
0,35 : 60,5: 693
0,32 : 57,3: 61~

0,28 : 53,.;: 1 0']0
0,26 : 51,~~ ;10
0,29 : 5h,2: 46~

0,37 : 62,6: !440
0,/:5 : 71,0: 1 L~23

0,~0 : 90,0: 1 0)8
0,63 : 9),9: 764
1,22 : 1.8) 1 423
1,30 :197 9 253
2 .. 15 :31.:) l:. 400
2,"+0 :374 8 605
), Ct> :475 :71 4ü4
2,87 :445 :12 56u
2,h3 :379 .10 76r

(

2,77 :429 :13 967
2,30 :360 : 10 605
1,65 :257 5 983
1,67 :261 : 2 ~35

1,59 :245 2 704
1,24 :187 5 836
1,18 :177 5 581
1,22 :183 1 288
1,63 :2.53 1 427
1,6:1- :255 3 366
1,62 :251 1 843
1,)6 :207 1 621..

H • dis- • TU1"bi- : sedim/
Da"te· 1 ::char.: d'• sca e '1 • 1ty :disch.

m :nr' /s: g/ir) : kg/a

..

: 36:12- 4:
: 37:13- 4:
: 38 :11-1-- 4:
: 39 ::5- 4:
: 40::6- 4:
: 41 :18- 4:
: 42:19- 4:
: 43:20- 4:
: 44:21- 4:

45::>2- 4:
: 46~~3- 4:

h7:2.4- 4:
1+8:25- 4:
!,.9 :26- 4:
)C:27- 4:
5... :23- 4:
5~ ~ 21- 1+:
53 :30.- 4:
~/~: 1- 5:
55: 2- 5:
56: ::;. 5:
57: 4- S:
58: 4- 5:
59: 5- 5:
60: 5- 5:
61: 6- 5:
~2: 6- 5:
63: 6- 5:
64: 8- 5:
65: 9- 5:
66:10- 5:
6r

/· ·11.. 5:
68:12- 5:
69:25- 8:
70:28- 8:
71 :30- 8:
rl2: 1- 9:
73: 4- 9:

.
123 :
87,8:

124
17:
24(\
294
)15
12"!. .
5.~,9:
53,2:
37,8:

~rl1 •
~ 48,5:
2~,0:

1.),7:
522 :

3,5~·
·2,2~

1 CCT, .
1,2C!
0,7Q

1 573 .
927
542
196
.551
555
889 ••
889 ••

697 •
78,3:
65 6·, .
47,2:
41,0:
32,8:·

:lC4 : 1 175
: 92,6: 945
: 110 • 1 128 .
:132 1 3c:3 •
:1l~7 1 639
·184 1 602
:166 1 898
·115 1 057
: 75,4: 728
: 65,2: 816
, 57 2· 662
: '72;6: 6 171
: ~r4,2: 1 097
: 3'j,0: 7CQ
~ 3~,0: 415
:192 :13 136 . ~

: 37,0: 94,5:· . .
.2S,5: 86,2:
: 19,0: 51,4:
· 15,0: 83,0:
· 12 5· 55·· '. ,5.:261 . 6 029 •
:218 4 257 :
:221 2 451
:J.32 1 483
::4') 2 214
:291 1 Q06
:289 : 3 071
:;:97 : 2 979
:180 :) 872
: 96,5: 812
: 87,4: 750
: 77,0: 613
: 71,0: 577
: 65,7: 499. .

~,O, 15
-0,22
.•0,27
1,67
1,43
1.;45
0,90
1,6i
1,8:3
1,82
1,93
1,26
0,65
0,.58
0,.50
0,45
O,i~O

Year 1968
~: 6~ 9: 0,73
2: 8- 9: 0,63
3:10- 9: 0,77
4:13- 9: 0,91
5. i4- 9: 1, C3
6: 1 9- 9' 1,28
7::1- 9: 1,16
3:28.. 9: 0,:1
9'18-10' 0, ",9

10:22-10: 0,3<;
li '2, ...1('· 0,32
12: ') SI-lu: C.,63
13:' 4-11: u,:'8
1h.: 6-11: 0,10
15 ~ 11-11: 0,00
16:27-11: 1,33
17.27-11: (,,10

Year 1969
, i

19 15- 1: -0,10
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TABLE 10.4. ( ••• / ••• )

SUSPENDED SEDIMENT TRANSPORTATION

OF THE WABl SHEBELLE AT GODE

""
OJO,
c;;o:
'""'./ r0p-lo

o,~

J 683
1 518
1· 396
:? 363

718
515

1 477
4 774
5 114
63f:.4
5 0')8
2 ?~8

2 '41
1 645
1 491
1 604
1 021

905
783
468
)07
851
536

:3 503
4 804
~. ~8L

j 750
4 468
2 598
6 311

--------===-= _.---.-

. "" .
-0,32 10,0: 26,0:
-0,37 7,'/1J. L~,lr:

-0,28 12, (;: 50,0:
-0,33 9,{.,() 00,0:

J..,33 :191 :19 30C
0./;.4. : 69,9:21 T'O
(',Jh : 59,4 :2.3 5w
(;,82 :11.6 :20 .300
O) 7e :101 "7 1JO
0.6~ : 9?)5: ) 1d0
0, 7i.~ : :(.0 : li. 000
2,(~1 :jCe, :15 1.50
2,~6 :i·...'~7 :11 45('

.:;,16 ;496 :12 eoO
3,32 :521 :11 450
3,25 :510 5 7L;.0
2,31 :359 5 970
2,15 :33~ 4 9~O

2,03 :3V. : 4 750
1, ';18 :306 5 250
1,61:- :243 lr 200
1,51. ~221 h 100
1,31 :188 4 170
1,10 :1;7 2 930
0, (J3 :lj4 .2 300
0,82 :116 7 310
0,92 ;B2 h 050
1,85 :283 :12 400
2,03 :314 :15 310
2,02 :312 :13 400
2,18 :338 ~l..i.~..-.....
1,89 :290 :15 400
1,81 :275 : 9 450
3,82 :598 :10 550

:11~: ?- 1:
:113:20- 1:
:114:23- 2:
:115: 2- 1:
: 11f..,: 4- 3;
:11';': 6- 3:
:l13: 8- 3:
:~19:1o- 3=
:120:1]- 3:
:121015- ):
:122:17- 3:
: 123: 18• .3:
: 121;. :19- 3:
:125 :20- '~:

:126;21- 3~
:127:22- 3.
:128:23- 3:
:129:23- 3:
:130:23- 3:
:131 :23- 3:
:132:24- 3:
:133 :2h- :3:
:134:25- 3:
:135 :26- 3:
:136:27- 3:
:137:15- 4:
:138 :16- 4:
:lYJ:17- h:
:1;'0:18- 4:
:1/+1 :19- 4:
:1.42:19- 4:
:143:20... 4:
:144:21- 4:
:1h5:22- 4:

159
15C
165
130
249
376
293
~85

~91

2'·n..,

11"
86,0:
h1,5:
98 8·, .
23,7:

137 :
239 :
388 •
32 6:, "

513 :
108 :
37,4:
25,7:
12,4:
14,8:

3 645 :
4 1~9 .
J. 694
4 704
4 71~8

221
:il,2:
12 6", .
9,oq
J ~,"
~,....,"

2,cq

H : dis. : Turbi- : sedim/
:no :Date : sca1e .c~a~. : ditY _ : disch •

: ~n :n-r' / s: g/m> kgf8 :
: :, :~:-:-_............... :.-------:-..c.-..._~ ........e--...............

1 " "

:- :110:11-12: -0,20 : 16,0: ~:,9 e,sC:
:111:18-12: --0,25 13,5: 4:.,6: 0#:
:Year 1970
"

..

( " " ./ ." .).
1,15 :172 929
l, 01 : 1!~9 1 012
0,92 :135 '. 221
0,85 :125 1 047
1,2j :~9j 1 275
1.5:; :245 1 532
1,40 :213 1 374
1,h9 :227 1 693
1,29 ::95 2 004
1,15 :172 "J 353
0,90 :13;:' • 890
0,31 :119 727
C,04 : 95,2~ 436
0,55 : A3,5: ~ 183
0,h9 : ~5,.~: 315
1,07 :158 : 865 "
0,51 : 78,3: 3 050 •
0,34 : 59,4: 6 539
0,28 : 53,1.;.: 610
0,60 : 90,0: 5 700
0,20 : 45,5: 2 376
0,14 : 40,2: 932
0,13 : 39,4: 65J
0,07 : 34,6: 358
0,05 : 33,0: 1~50

2,01 :320 :11 377
1,64 :255 :16 310
1,84 :293 :16 030
2,05 :326 :14 43C
2,11 :334 :14 200
0,11 . 37,8: 5 840
0,01 : 29,8: 377

-0,02 : 27,6: 459
-0,07 . 24 1· 37'• ,. 4.
-0,10 "22,0: 19l;. •
-0,15 : 19:0; 106

H dis-~ Turbi- : sedW :
sca1e : çhar.: ditY : disch"

•u :~/s: g/ID? : kG/s

Year 1969

---===============

:---~--:-..--:--=:........

::;0 :Date

74: 6- 9:
75: '-.0_ 9:
76: 9- ,"):
7 ':lC- 9:

( . "
7u:12- 9:
~'9:15- 9:
CJ:16- 9:
8::18- ,,<
82"20- 9"
r")-:" :22 9:
0.,.1 -

81+ :24- 9:
8":25- 9:
86"29- 9·
87: 1-1C'"
88: 3-10·
8')· 8-10". "
90:15-10:
91:17-10:
92·19-10·
93 :22-1C:
9J. ·24-1C·
9t;:26-10:
!)6:30,-iO:
97: 1-i1:
98: 3-11:

" 99: 4-11:
:100: 5-11:
:101: 5-11:
:102: 5-11:
: 103: 5-11:
:10h: 10-11 :
:105:12-1~:
·106'14-11·". .
:10'l:17-1l:
"108"~0-1l"

:109 :23-11:." "
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TABLE 10.4. ( ••• /",)

SUSPENDED SEDIMENT TRANSPORTATION

OF THE WABI SHEBELLE AT GODE

o,lO:
(~'~':

Û)D:
Û)2Cr,

l,ffi
C,9Q
q9J:
Cl,4{}.
C(l:: :
~:

Û)4):

224
438 ,

1 656
525
153

5 596
1 281

h79
266

2 116
532
754
620
545
104
260

2 660
739
207
29,0:

8fJ):
2)+0:
1,10:
o,e;,o:
0;9~

O,~

sedim/
disch.
kg/s

: 4 650
: 1 750
: 3 540 .

2 34.0 :
: 2 350

850 :
: 1 690 :
lU. 290

l, 590
1700

45v
2CJ :
oo,u:
50,lJ:
;;0,0:
5Ù,0:
30,0:

: dis.... Turhi
: cllar. ô ditY
:!Ir" / tf: g/m:>

:12L :
: 64 .. 0:

41,0:
2~,5:

: 22,5:
::.. /, 0:
16,5:
14,5:

:455
:304
:213
:265
:232
:123
:1'14
:lA6
:16:..

2,91
1,96
1,1+3
1,74
1,55
O,fJ7
1,fJ7
1,27
1,11
0>'36
'J,39
0,17
0,0)

-0,C!'
-0,12
-0,17
-0,2:

-0,23 13,1: lJ,O:
-0,27 11,7' 50,0:
-0,~3 11,3~ 10,0:
-J,~)l 10,1: 20,0:'
-0,)2 9,70: 100 :
-0,3h 8,9l 1CO
-0,34 8,9Q 1CO :
-0,38 7,lQ 50,0:
-0,42 6,10: 50,0:
-c,L~6 4,90 60,0:
-0,48 4, 00 100

O,?7 42,2: 5 300
v;52 : 77,9: 5 620
1,09 :169 9 000
0,62 : 89,3: 5 880
0,25 : 53,9: 2 8hù
1,52 :2.'.;.1 :23 220
1,38 :19ô : 6 ~70

0,80 :109 : 1;. 390
0,54 79,5: 3 350
0,45 : 69,3: 9 000

:~8r;: 9-10:

:-:-- -_.-:-- --- ---

:201: 1- 1:
:202 :15- 1:
:203:22- 1:
:204:.29- 1:
:,205: 5- 2:
;206:12- 2:
:2'0'7:19- 2:
; 2':6 ;26- 2:
:209: 3- 3:
:210:13- 3:
:211:26- 3:
:212: 2- 1+:
:213: 9- 4:
:21.4 :16- h:
:215 :23- L;.:
:216:29- 1+:
:217: 7- 5:
:218:14- 5:
:219:21- 5:
:220:29- 5:
:221: 4- 6:

:190:16-10:
:191 :23-10:
=192:30-10:
=1'13: 6-11:
=19L~:13-j.l :
:195 :20--11:
::.96:27-11:
:197: .3 -12 :
=198: 10-12:
:199:18-12.
:200:25-12 :
: Year 1971

H
:N° :Date : sca1e

m

. :184 :26- 8:
:185: 2- 9:
:186: 9- 9:
=187:16- ~:
:1.8R: 2-10:

,
: 3 922
:10 4h4
• 2 680

2 188
2 275
1 571

• 1 999
• 1 443 •

1 893 •
757

1 118:
9Cf1 •

2 8,"'>8 •
• 1 652

1 COO
569

· 373
: 2 179
: 1 667
: 6 250 •
• 2 8"B .'

2 709
1 655

714
743
72J.
72h
3:4 •
160 •
309 •
26,0:
21,0:
10,4:
10,4 :
25,6:

303
1 364
1 048

( ... / .. ,)
, ,

3,42 :537 : 7 300
3,48 ':547 '19 100
2,55 :397· .~ ~ 750
2,11 :;~7 : 6 70G
2,Q3 :3:4 : 7 250
3,39 :532 : 2 950
3,35 :526 : 3 800
3,12 :489 : 2 950
2,24 :347 : 5 L~~'J

1,41 :~05 : 3 7CO
2,01 :::,:1 : 3 600
1, t3 ' 260 :.3 500
1, J2 : 160 :1', 950
0,97 :138 :1~ 150
0,99 :141 : 7 100
c, '36 : J.2';. : 4 600
0,76 :lC3 : 3 450
1,~~ :25C' : 8 70n
~,~~ '176 • 9 500
~,76 ~265 :23 550
1,51 :22: :12 700
1,70 :25~ '10 9CQ
1,24 :177 : 9 350
o,cll+ :135 : 5 300
C,81 :125 : 5 950
0,69 . 99;5: 7 250
0,6~ 88,0: 2 550
0,1;.) 71,0: 4 700
0,36 61,5: 2 600
0,21 . 46,4: 6 650
0,10 . 35;0: 800
0,09 . Jl.;.,ü: 620
0,02 . 29,0: 360
0,12 37,0: 280
0,90 '128 • 200
1,13 :164 1 850
1,64 :248 5 500
2,16 :338 3 iCO.

==-~..,..----,,====-=============-=:;;==========

: : : :...-: rw.: _

: H dis-: Turbi- : sedim/
:N° :Date : sca1e :c9ar,: ditY : disch.

m :nr/a: g/ln3 kg/a



- A.III...a ...

TABLE 10.5

SUSPENDED SEDIMENT TRANSPORTATION

OF THE~WABI SHEBELLE AT BURKUR

=
· t.' : dis- . 'l'urbi- sedim/ · H : dis- · 'l'urbir. :sedim/· .1 . · ·:rJ° :l:'ate :,scale ':$arg: dity disch. · :N° :Date : scale charg: ditY :disch.·m :1 I~ : e/rI? · kg/s · m :m3/s · r;J'~ b'/s· · · l" .J ,-'· . --:-- :--=-.... : :-----: :--:-: · . --.-: ......................--.:.--.-- .--.

· Year 1970 4 :18- 8: 3,43 :13~ 180 25,0 .· • •
0.)6 ,: 18 6: · o 06: 5 :25- 8: 4,83 · 30,0: 106 5,6c:1 · 1- 7: 50 O· ·· · , . , . ,; . 6 . 1- 9: 5,62 · 30,0: 235 7,10:· 2 · 4- 8: 2 1::1) :102 J,OO 41,0 · . ·· · , ~ ~ 7 : 8- 9: 5,88 hO,O: 243 '9,70:· 3 :11- 8: 2,90 :112 :!.90 21,0· 8 :15- 9: 5,69 · 20,0: 229 4,6(\:· · · ·--- -

'TABLE 10. 6 .

SUSPENDED SEDIMENT TRANSPORTATION
"

OF THE FAFEN AT KEBRI-DAHAR

:i-r0 :Date
H

scale
m

dis-:Turbi-: sedim/ :
~ cParg: dity , : disch.
:rfI'"1 5 : kg/n?: l:g/s

H
:IIO :Date : scale

ID

: dis- :Turbi~: sedim/
~~rg.:dity : disch.
:rr(/5 : !'::Jrr?: k&,:'l
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ANNEXE IV

RESULTS OF CHEMICAL ANALYSIS
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TABLE 11. 1 ( ••• /1)

CHEMlCAL ANALYSIS OF THE vlABI SHEBELLE WATER (mg/ 1)
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TABLE Il.1 ( ••• /2)

CHEMICAL ANALYSIS OF THE "rABI SHEBELLE WATER (mg/l)
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