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'[he‘Final'Re‘-port on Somalia consists of the following volumes:

-Volume 1- General ' B

An account of the Ubjectwes work and fmdlngs of’ the entlre project is’
given in this volume. The fecommendations. arising fromthe findings of the
survey are summanzed and the volume concludes with an_estimate. of the

“total returns for all ‘the development projects proposed.- A summary. ol‘ the .
_report on the FAO-Livestock Development Survey of 1966 |n Somal'la is |rr
“cluded. m the volume: as’ -&n appendlx :

" The followmg techmcal reports were: prepared by thé Lockwood Survey
Corporatlon which carried out the coiresponding-surveys under the super-
vision of the Food and Agrlculture Orgamzatlon of. the Umted Natlons :

Volume Il - Water Resources R ' : »-l" .

The volume deals” ‘with cllmate, surface water and- groundwater and
investigates the “potential ‘groundwater : supplies for irrigation, . and. for
..the use. of. llvestock ‘herdsmen--and. small: _communities. The text of.the -
_volume is- abundantly supported wlth fidures taHles and maps\ and wnth
stat;stlcal appendnxes

'_ Volume I[I r<Landforms and o §:

Nmeteen landforms ar
part of the volume and 't

recommendatlons Sonl profjle deserlptlons and the methods and
of che'rmcal and physrcal so:l analysns ‘are glven in appehdlxest -
Volume IV leestock and Crop- Produetlon // Vo 'r“: S
“The- VOlume describes the, surVeys\oarned out on- agrlcultural produc-

tnon and. on’ rangela’nd in the’ project area: Detalls are&QNen of regional

farm. practices, of present lanid usg-from: region ‘to’ region, and of rggom- ..
- mendations for erop -improvement, _There-are ‘conclusions: and FRCOMMEN--
-dations an. the: potential of rangeland and=on’ problems in its developm
The. final -chapter deéals with the livestock coéunt. made” during the project.:
Species and ground" cover- characten.stlcs of the ecfolqgtcal formatlons are

-glven in an appendix .

,Volume A" Englneerm_g Aspeets -of. Development

: The volume dlscusses m detail the pOSSlbllltles of |rr|gation develop-
ment.on the Shebelle river.” It alsq exammes briefly- the posslbmtles .on
thes Juba riyer.”  Surface- water. supplies for-human and animal: oonsumphon“
"and.the poss;bnhtles of-development for small streams.are investigated.
:Anaccount of the topographlcalﬂsurvey and: mapping- work carried otit -and- -
. extracts from. the- ‘results_of. reconnaissance sonl survey in- ths Bulo Me-
rérta area are mcluded i the volume; - I S

Volume Vl‘- SOcnaI and Eeonomle Aspects of Development

. The volume . deals with“land tenure conditions _dnd agrlcultural ‘eco-
nomlcs in" Somalia. A sample 0f economic returns. to agricylture in:the .
project area in 1963 is<given; and the. typlcal returns. of banana plantatlons
are included in the typical farming returns given for the various ‘regions
and sub-regions. The volume concludes with a detailed estimate. of- the
total returns -for-all the. development prOJects suggested A revised rec~
ommendation for a rural development project for- the lmprovement ot.
tradltlc)nal agriculture is given i an appendix.
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CHAPTER 1
FAO LIBRARY FICHE AN: 04006

CLIMATE OF THE SURVEY AREA

Introduction

1. The climate of the survey area is tropical, semi-arid to arid, with a sea-
sonal rainfall pattern influenced by the monsoon winds.

2. The rains occur during April, May, June and September, October, November.
The first rainy period of the year is termed the "Gu'" season. The latter rainy per-
1od is called the "Der" season.

3. Three broad climatic zones may be recognized. These are characterized by
a difference in rainfall pattern. In the coastal zone significant amounts of rain
occur during July and August. These are called the "Hagi" rains, and they effect-
ively lengthen the "Gu" season. The semi-arid zone has two strongly defined rainy
season; light rains may occur during July and August. The arid zone has a lower
annual rainfall than the other two zones with dry periods in July - August.

b, The rainfall tends to be variable, unreliable and failure of the rains,

is not uncommon, particularly in the arid areas., The amount of rain can vary con-
giderably from the averages presented in the bar charts at the end of the chapter.
This is an important factor to consider in assessing the value of the seasonal rains
in terms of agriculture.

S. The temperature is fairly uniform throughout the year averaging from 25°
to 30° centigrade. Based on average figures the coolest month is August and the
warmest is April, the difference in temperatures averaging 2° to 4° centigrade.

6. Relative humidity varies between 70 and 80 per cent in areas near the coast
and between 40 to 60 per cent in the more arid regions of the interior. Deviations
from the yearly mean values are negligible.

7. The monsoon winds are the important factor affecting the climate, and the
time of the rainy periods. The southwest monsoon winds prevail during June, July
and August. The northeast monsoon winds prevail during December, January and Feb-
ruary. The seasonal rains are associated with the directional changes of these
winds. Although the statistics show a moderate wind velocity, personal observations
would indicate that the monsoon winds are remarkably steady with velocities suffici-
ent to cause damage to banana plantations. Wind velocity and direction is an impor-
tant factor to be considered in agronomic planning.

Rainfall

8. The actual density of raln-gauges cannot support a sound general theory

of the rainfall pattern in the southern region of Somalia. (Map 1 showing the obser-
vation stations will be found in Chapter 2 of this Volume.) The period for which
basic data are available is of short duration (5 - 12 years) except for one station
at Johar (27 years). Therefore, no rainfall run-off calculations were made.

9. Tables of monthly rainfall (Appendix la) and of the mean monthly and yearly



rainfall (Appendix 1lb) is given for every station in Somalia; those in Ethiopia were
of too short duration (3 - 5 years) to be of any significance in the computation of
standard deviations. The maximum and minimum monthly precipitations and the average
number of rainy days, were used to compute the extreme values and intemsities that

can be encountered. The coefficients of variation increased as the station is farther
inland, This seems to agree generally with the law stating that rainfall usually
decreases as the distance from the sea increases. No other major factor seems to be
superimposed on the distance effect as the land is relatively flat and no important
mou:.ains are encountered before the Ethiopian Border. From there to the upper reaches,
the relationship is probably a combined effect of distance and altitude, resulting

in an exponential relation,

10, Generally speaking, the rains are very erratic, even in the coastal area
and many more rain-gauges will be needed before the pattern can be fully understood
and meteorologic and topographic factors properly assessed,

11. From rainfall diagrams (figures 1 to 4 at the end of this chapter), two
main types of rainfall distribution prevail; the coastal and the continental group.
Near to the coast, "Gu" precipitations (April - June) are linked by "Hagi" (July -
August), minor rains to the "Der' (September - November), the second important rainy
season. Inland, at Lugh Ganana for example, the two rainy seasons are definitely
separated by four dry months (June - September). The Baidoa station follows the in-
land pattern but, due to the sudden rise of the land in the area, the precipitation
is, probably, the most reliable in the project area.

12, The monthly rainfall in terms of per cent of the total year, are given in
figures 5 to 8. It is interesting to note for example that in Mogadiscio and Johar,
the rain falling during the "Gu" season, represents respectively 50 and 42 per cent
of the total yearly precipitation.

13. Typical storms were selected at key stations having a rain-recorder in op-
eration during the period 1963 - 1965. Storm intensity curves in figure 9 show the
pattern. The highest spot-intensity of 180 milimeters per hour occured at Giamama
in' the Lower-Juba area. Storms at Mahaddei Uen are of more regular shape with a peak
of 80 milimeter per hour, These storms represented the maximum encountered in 2
years, All the other storms were of less intensity and for a longer period.

Meteorologic Factors

Temperatures - Winds - Relative Humidity

14, The following data on temperature, winds and relative humidity were compil-
ed from reports supplied by the Ministry of Agriculture and the Aeronautic Section of
the Ministry of Transport. 1In Appendix lc, mean and mean maximum temperatures are
given for every month of the year. These values are representative if we consider
that the variation of temperature is negligible in the southern part of Somalia. The
difference between the coldest month (August) and the warmest (April) is 32 on the
coastal region and 7° at Lugh Ganana whilst Belet Uen temperature varies by only 3°C.

1s. Mean monthly relative humidity and barometric pressure, as shown in table

1} at the end of this chapter, are constant and the deviations from the yearly mean
values are negligible, As expected the relative humidity is higher near the coast and
decreases as the station is farther away from the sea. The extreme yearly variation
is in the order of 3 to 4 per cent,

16. Barometric pressures follow the same trend in daily and monthly periods,
and are therefore practically uniform all year long.



17, Wind average velocity and prevailing directions are shown in Table 2, The
two main directions N,E, and S.W. are predominant, The wind pattern is irregular

and varies substantially for nearby stations, This may partially explain the diff-
icu’l.y of drawing reliable isohyets without a dense network of rain-gauges., Stations
listed are representative of the inter-river area.

Evaporation

18. Due to uncontrollable difficulties, no evaporation tanks were installed
except for a Piche evaporimeter during the last 6 months; the potential evaporation
was computed with the help of meteorlogical data. The data obtained froua the evap-
orimeter enabled us to support the adoption of the coefficient relating computed
values to free-surface evaporation over extensive areas.

19, Many attempts were made to correlate the evaporation capacity of the atmos-
phere to different factors such as: temperature of the air and water, suashine, re-
lative humidity, wind, barometric pressure and altitude. Almost all of the parameters
were Iinterrelated in such a way that the most important and easiest to control can

be used in a simplified formula. At this stage, computations giving the mean evapora-
tion over large areas and covering long periods can be accepted. The available meteor-
logical data were mean monthly maximum temperature, mean monthly barometric pressure
and relative humidity.

20. The LUGEON formula was used as follows:-

273 + t 760
E= 0,398 n (Fe-Fa) 273 °  B-Fe

in which E is the evaporation in millimeters for a month of "n" days,

Fe = Saturated vapor pressure (Hg mm,) related to the mean monthly
maximum temperature,

Fa = Average actual vapor pressure (mm, Hg) for a given temperature,
B = Average monthly barometric pressure in mm, of Hg,
t = Mean monthly maximum temperature in °c.

21 Computed and observed evaporations at Johar were compared for a six month

period, and it appeared that the computations give values generally higher by about
10 per cent, The fact that sunshine and wind were not taken into consideration and
the latter factor being of importance, may explain this constant discrepancy. A co-
efficient of 0.8 was selected to correlate computed eraporation to possible evapora-
tion over free surface water covering large areas. The computed monthly mean
evaporation is shown in Table 3,
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MONTHLY RAINFALL AS A PERGCENT OF YEARLY RAINFALL
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MONTHLY RAINFALL AS A PERCENT OF YEARLY RAINFALL
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TABLE 1

RELATIVE HUMIDITY

AND BAROMETRIC PRESSURE

YEARS 1953 - 1964

mb = millibars

MONTHLY MEAN RELATIVE HUMIDITY IN PERCENT

STATION AND BAROMETRIC PRESSURE IN MILLIBARS

JAN. FEB. MAR. APR, MAY JUNE JuLy AUG. SEPT, OoCT. NOV, DEC.
Belet Uen mb 991,1 930.5 989.5 988.8 990,7 990,9 991.4 991.4 989,9 992,8 991.4 992,2
% 55.7 54,2 51.9 56,5 59.9 56.7 59,5 57,6 55.0 61.0 58.7 56,2

Rulo Rurti mb
% 52.3 50.2 49,3 53.9 58.3 57.6 56,0 55.2 50.8 60,1 59.0 47.5

Johar mb
% 67.0 65,7 4,0 68.8 74.8 73.5 76.5 71.6 71.0 73.1 76.6 71.8

Balad mb
% 71.1 68,5 67.5 74 .3 77.0 77.1 76.1 74 .2 73 .0 74,1 78.0 75.1

Afgoi mb

% 66.4 62,5 63.4 66.8 71.8 71.4 74.3 73.6 72.1 70.1 70.5 71,7

Mogadiscio mb 1012,9 1012.4 1011.7 1011,7 1013.1 1015,0 1015.5 1015,7 1015,1 1014,2 1013.5 1013,1
% 71.3 71.4 71,6 70.9 73.1 74,4 75.3 74.7 73.9 74,2 73.4 71.9

Genale nb
% 74.2 72.9 71.6 74,6 79.1 78.1 81.6 79.5 80.9 80.2 79.2 76.6

Baidoa mb 960.3 959.4 959.1 959.4 960,3 964,1 962,6 962,8 968.0 962.4 960.9 961.4
% 61.5 58.7 60,4 72.2 76.4 73.3 74,0 70,3 65.7 72.8 73.6 67.0
Bur Acaba mb
% 52.6 52,6 56.7 64,2 68.5 63,1 65,6 63,9 60,6 65,2 65,7 59.5
Kismayu mbh 1011.7 1011,3 1011,1 1010.8 1012,2 1014,0 1014.7 1015.4 1014.,8 1013.,9 1012.9 1012.3
% 77.2 70.3 75.6 75.9 78 .4 79.0 81.3 79.8 79,1 78.0 77 .4 76.7
Afmadu nb

% 59.6 62,3 62.6 67.6 70.9 70,0 65.1 68.6 60.1 68.4 6845 66,8

Oddur mb
% 53.5 49,6 49.4 61,7 64,9 58.1 61,9 59,1 54,0 65,0 63.1 56,2

Ionte mb
% 73.6 73,7 73.0 75.9 79.4 79.4 81.4 78.3 77 .8 77.0 75.8 77.3

Gelib mb
% 72.6 70,2 69.5 74.7 77.2 79.2 78.9 76.9 75.1 75.2 77.2 76.4

Bardera mb 998,3 997,7 997.6 997.8 999,9 999,5 1002,9 1002,8 1001,7 1001,0 1000,3 999.5
% 55.2 53.7 56,2 62.3 66,7 64,7 67.5 66,0 61.8 60.8 64.3 60.5

lugh Ganana m

e I

47.4 42,0 46,0 57.0 61.3 55.6 59.1 56,1 53.9 59.1 59,2 52.2
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SURFACE WATER

FAO LIBRARY FICHE AN: 04007

INTRODUCTION

Purpose

1, The purpose of this survey was to assemble information on the main water
courses to determine the quantity and quality of water, and to train Somali personnel
in river gauging and sampling.

2. Economic and feasibility studies regarding the uses of available water
were not part of this survey. These considerations are found in Volume 5 "Engineer-

ing Aspects of Development'.

Previous Surveys

3, There was no established hydrological service in Somalia prior to this
survey. Remnants of staff gauges were found on both rivers. Gauging had been carried
out at Mahaddei Uen spasmodically since 1918, but records were kept for various sta-
tions only since 1951. These were intermittent and did not include meterings,

4, Reports on hydrology included the following.
(a) Dr. Conforti - report on the Uebi Shebelle, 1955.
(b) The results of a survey in 1959 - 1960 by the United States International

Co-operation Administration were published in a report "Inter-River Economic
Exploration'" in 1961.

(c) "Preliminary Study on the Waters of Somalia" prepared for Hunting Survey
Corporation Limited by Doxiadis and Ionides Associates Limited of Londoﬁ,
England.
Execution
5. The establishment of a series of permanent recording stations was the first

phase of the field work.

. 6. A pauge reader was appointed for each station, and regular meterings were
made at the various stations by a team of trained technicians from the central office.

- 7. _ The gauge readers collected samples for chemical analysis which wés done
at the central office utilising a Hach DR-EL portable laboratory. Specific conduct-
ance determinations were done by USAID at their laboratory in Afgoi.

8. Sediment sampling was done by technicians from the central office but only
in the last few months of the survey.

9. The elevations of the gauging stations were determined by third order level-
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ling and carried out by the Agricultural and Water Survey.

10. The data obtained from the field and from existing records were processed
by Somali technicians.

11. There was close co-operation with other organizations concerned with hydro-
logical studies. These included USAID and Technopromexport of the Economic Council
of the Embassy of the U.S.S.R.

Acknowl edgements

12, Acknowledgement of assistance received during the survey is made with
sincere appreciation. Special recognition is made to the Ministry of Public Works,
who supplied us with all available hydrological data, USAID, who tested our water
samples in their laboratory, and Technopromexport who provided information they had
collected on the Juba River. Sincere appreciation also is made to Socleta Nazionale
Agricola Industriale (S.N.A.I.) who provided information on the Shebelle River at
Johar.

. RIVER BASINS

13. The Shebelle and Juba Rivers occupy the only large drainage basins in
Somalia. Other watercourses such as Lak Dera, Lak Giro and Bohol Madagoi, though
locally important for water supplies, are comparatively small and generally inter-
mittent. The river courses are shown on Map 1 and the profiles of the Juba and Shebelle
Rivers are shown on Figure 10 which will be found at the end of this chapter.

14. Both the Shebelle and Juba Rivers rise along the eastern slopes of the
eastern plateau of Ethiopla approximately 1,000 kilometers inland from the Indian
QOcean.

15, The areas of the drainage basins are estimated at 300,000 square kilometers
for the Shebelle and 275,000 square kilometers for the Juba, but most of the effective
drainage takes place in the upper reaches of the basins. In Somalia and the arid
border zone of Ethiopia contribution is limited to a relatively narrow zone adjacent
to the rivers. The flow in small watercourses is diminished by infiltration and evap=-
oration to such an extent that it ceases before reaching the main rivers.

16. In the highland area of Ethiopia, where most of the flow originates, the
drainage areas of the two rivers appear to be similar, with that of the Shebelle per-
haps slightly larger than that of the Juba; yet the flow in the Juba is more than
twice that in the Shebelle. This can be explained only by differences in precipita-
tion and/or in the run-off coefficients. There 18 insufficient data on precipitation
in the Upper Juba basin of Ethiopia to compare it with the Shebelle basin, but geo-
logical maps indicate that the headwater tributaries of the Juba flow on the basement,
which presumably is impervious, whereas the headwater tributaries of the Shebelle pro-
bably are influent over sedimentary rock.

17. Drainage areas at the river gauging stations along the Shebelle and Juba

Rivers are shown in Table 5. Drainage area by length of course is shown in Figure
11 and area elevation curves will be found in Figure 12.
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THE SHEBELLE RIVER

Physical Description

18. The Uebi Shebelle rises in the high plateau of eastern Ethiopia, Its' tri-
butaries drain the eastern slopes of this plateau from Dodola in the southwest to the
area east of Harar, a distance of over 500 kilometers,

19, The drainage basin is between 900 and 1,000 kilometers long extending £from
the Harar Plateau to the Indian Ocean. 1Its area has been estimated at 300,000 square
kilometers, of which 90,000 square kilometers is within Somalia. This has no real
significance, particularly in Somalia and the border area of Ethiopia, where tributary
streams are short and intermittent, and the river is known to be influent, at least

in the reaches downstream from Gialalassi,

20. From the Harar Plateau, the river flows in a southeastern direction for
about 700 kilometers before entering Somalia at Fer Fer about 31 kilometers north of
Belet Uen.

21, Within Somalia, the river traverses a distance of approximately 630 kilometers
before the last significant traces of it disappear about 30 kilometers east of the

Juba River and about the same distance from the ocean. The length of the channel
within Somalia is approximately 1,100 kilometers,

22, With minor exceptions the river receives no contribution within Somalia ;

the discharge decreases progressively downstream, the flow being reduced by evapora=-
tion, infiltration, use, and by overbank spillage when the stage is high. A natur-

al result of this and the meandering nature of the river is that the cross-section area
of the channel decreases progressively,

23, From the border to the area between Bulo Burti and Gialalassi, a distance

of about 150 kilometers, the river flows in a wide valley towards the south-south-

east over and generally parallel to the strike of Cretaceous limestone, marl and gypsum
formations, The channel is 50 meters wide at Belet Uen and 45 meters wide at Bulo
Burti,

24, The river flows southwest from the area south of Bulo Burti as far as
Balad. The hills that form the upstream valley gradually disappear in the vicinity
of Bulo Burti, and at Gialalassi the river enters a broad flood plain underlain by
deep alluvial deposits. The flood plain is 50 to 60 kilometers wide downatream from
Mahaddei Uen. At this point the river is approximately at the centre, at Balad it

ia at the extreme eastern limit of the flood plain. Remnants of several old channels
fan out westward from the Mahaddei Uen area.

25. At Balad the river is forced to flow towards the southwest, parallel to the
coast, by a coastal ridge of littoral deposits, It flows in the southeast part of the
flood plain, which is about 50 kilometers wide. The width of the channel continues to

decrease and at Audegle is only 35 meters. O0ld channel remnants parallel the present
channel on both sides.

26. At Falcheiro downstream from Coriole, the nature of the river changes entire~-
ly. The single.well-defined channel is replaced by a network of small channels and
ponds that form approximately 61,800 hectares of swamp land. The swamp varies in width
from 1 to 10 kilometers and ends about 8 kilometers upstream from Avai, where a single
channel is again formed with a width of about 20 meters.

27. Beyond Avai the small channel continues towards the Juba river, but is scarcely
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defined in the final reaches, Flow may end anywhere after Avai and only when flows
are unusually high, as in 1961, does the Shebelle actually reach the Juba, This takes
place near Camsuma,

River Flow

28. The flow of the Shebelle River is torrential ranging from less than 10 to

over 270 cumecs at Belet Uen, This is illustrated in Figures 13a - f, which contain
hydrographs for the Shebelle River for the years 1951 to 1965, It can be seen that

high flows of short duration occur in April to May and of longer duration from August

to December. The higher flows generally are experienced in the latter period but this
is not always the case, as in 1963, when at Belet Uen, the first peak reached 250 cumecs
as compared to a little more than 170 for the second peak. The peaks are not attain-

ed at the downstream stations because of overbank spillage.

29, The low flow period, when the flow is less than 10 cumecs, occurs between
December and May. 1t generally occurs over a period of over two months but can

be as much as five months, or less than two weeks, These periods are illustrated
diagramatically in Figure 14 for the years 1925 to 1963,

30. The flow decreases progressively downstream. This is shown clearly in
Figures 13a - £ and 15a, b, ¢, and by the maximum recorded discharges and channel
capacities at the various gauging stations, These are as follows:

Max,Recorded Approx, Channel
Discharge Cumecs Capacity, Cumecs

Belet Uen 281 350

Bulo Burti 276 310

Mahaddei Uen 130 140

Balad 93 105

Afgoi 93 110

Audegle 530 90

31. Exceptions to the decrease in flow downstream are caused by local rain-

storms, local exfluent ground water and the return of overbank spillage to the chan-
nel,

32. The median monthly total flow passing gauging stations and the changes in
- this flow between stations are shown in Tables 6 and 7,

33. In the section between Belet Uen and Bulo Burti there are water losses in most
months, These are highest when the river stage is high and overbank spillage takes
place. The small gains, which more than offset evaporation losses in January, can

be attributed only to an inflow of ground water probably from wadi beds and bank
storage; whereas the higher but still small gains in March are due to surface run-
off.

34, From Bulo Burti to Mahaddeil Uen losses occur throughout the year except in
June. The increase in flow during June probably is the result of a return to the
river of some of the overbank spillage that occurred in the previous month, The chan-
nel losses from January to April appear to be offset slightly by subsurface inflow
provided no overbank spillage takes places, as is the case occasionally in April.

35. The losses in the stretch from Mahaddei Uen to Balad are high, and occur
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every month, with the highest loss occurring in May, and from August to November,when the
river stage is high and overbank spillage takes place. The spiilage is aggravated by
a weir at Johar which was constructed to raise the water level and allow water to flow
by gravity to a sugar plantation. Embankments that were constructed upstream from the
weir are damaged because of a lack of maintenance and are now totally ineffective,

36. The channel from Balad to Afgoi is unique in that it is capable of carrying,
without overbank spillage, all the water that enters at Balad. Consequently the
losses are relatively low., There appears tc be a slight increase in flow in May and
from August to December, There is no evidence of surface run-off to explain this and
it cannot be correlated with precipitation, therefore, it must be a result of a con-
tribution from ground water in shallow perched aquifers, the cause of which is over-
bank spillage upstream and rainfall, These gains more than offset the losses to the
permanently saturated zone.

37. From Afgoi to Audegle the flows, as tabulated, show that there is normally
a slight increase between these two stations in the period of January to July, except
in May when overbank spillage occurs. This is not the result of rainfall and _
surface run-off, and must be ascribed to subsurface flow. WNo measurements of water
passing the control gates at Falcheiro have been made, hence the natural losses and
the water used by controlled and inundation irrigation downstream of Audegle are not
known., Water will pass into the swamps below Falcheiro when the stage is high and
when irrigation requirements are only a fraction of the flow. 1In the period of Jan-
uary to early April and in June and July, very little water if any will pass. It has
been estimated, based on crop requirements that the reduction in flow in the median
year is approximately 40,000 hectare meters, whereas the total flow in the median
year is approximately 110,000 hectare meters.

38. Careful examination of the channel at Avai indicates that the outflow from
the swamps never reaches the high rates of inflow that are often maintained for many
weeks at Falcheiro from September to December. It may be safely assumed that the
total annual inflow to the swamps is greater than the outflow, However, outflow is
always maintained, although inflow often ceases entirely for a month or two. It is
likely that most of the losses from the swamps are due to evapotranspiration. Some
infiltration may take place, but it is thought that the floor is relatively impervious
and the swamps are perched above the water table.

39, The distance beyond Avai along which flow takes place depends upon the
amount of flow upstream. In low years it would not reach far beyond Avai, but when
it is unusually high, as in late 1961 and 1962 the flood plain in this area is com-
pletely submerged, and water from the Shebelle actually reaches the Juba River.

40. Monthly flow frequencies expressed as the percentage of times that the
monthly flow values are equalled or surpassed at the various stations are shown in

Figure 1l6a,b,c,d,e,f.

Water Quality

41, The Shebelle River water carries more dissolved solids than does the Juba.
Values of specific conductance, which generally are less than 1,500 micromhos, vary
from less than 500 up to 4,000 micromhos. The high values occur after a long dry
spell when the first rains wash the soluble materials that have accumulated along
the land surface into the river. This can be seen by referring to the Conductivity
Dishcharge Hydrographs of Figure 17a,b,c, Chloride concentrations generally vary
between 10 and 500 parts per million (ppm.). The high chloride values can be corre-
lated with the high values for specific conductance. (See Appendix 2)
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42. Sulphates vary from 100 to 600 ppm. but the high values do not necessarily
cocrelate with high chlorides and specific conductance. The relatively high sulphates
probably arise from the dissolved gypsiferous rocks upstream.

43, Sediment samples were taken at various stations along the river during the
latter part of the survey. The sediment concentrations measured during 1965 are list-
ed in Table 10.

44, The swamps act as a huge settling basin for the suspended load of the
Shebelle River. The river is very turbid down to Falcheiro, but the outflow from the
swamps at Avai 1s virtually clear,

THE JUBA RIVER

Physical Description

45. The Juba River rises in the eastern plateau of Ethiopia immediately south

of the Shebelle basin, The three main tributary streams, namely the Uebi Gestro,

the Canale Doria, and the Daua Parma, drain the eastern slopes of this plateau for

a distance of about 300 kilometers southeast of the Dodola-Goba area. The Uebi Gestro,
and the Canala Doria unite to form the Juba ‘River just north of Dolo, and the Daua
Parma joins the Juba River at Dolo having formed the Kenya-Ethiopia border and the
Somalia-Ethiopia border in the area west of Dolo.

46. The drainage system is about 900 kilometers long from the plateau to theIndian
Ocean. Its area has been estimated at 275,000 square kilometers, 98,000 of which
are within Somalia; but like the Shebelle River the effective surface drainage basin
is limited to the head waters and a narrow zone adjacent to the river. Ground water
that apparently discharges into the upper stretches of the river within Somalia may
have flowed a considerable distance through the ground, but in the lower reaches the
river is influent, '

47. The tributary rivers generally flow towards the southeast, after unit-
ing to form the Juba River, this direction is maintained into Somalia as far as Lugh
Ganana, from which point it flows generally towards the south, Within Somalia the
river traverses a distance of about 580 kilometers with a channel length of about
800 kilometers.

48, From the border to about 30 kilometers south of Lugh Ganana, a channel
distance of about 135 kilometers, the river flows in a wide valley that is well de-
fined by hills of fair height. The bed tends to be shallow and islands occur north
of Lugh Ganana. The channel has generally stable banks and varies in width usually
between 50 and 100 meters; 1in a few places it is as much as 300 meters wide.

49. Below Lugh Ganana the valley narrows and about 30 kilometers south of the
town the river enters more rugged terrain, which continues for about 120 kilometers
to the area north of Bardera, a total channel distance of 200 kilometers. In this
section the river bed 18 rugged and rapids occur in several places. The banks, being
formed of hard limestones, are stable, with numerous short but deep tributary valleys,

50. Near Bardera the valley widens and the surrounding hills progressively dis-
appear, although the river continues to flow through limestone terrain as far as Saco,
about 75 kilometers south of Bardera, The channel is generally from 120 to 150 meters
wide in this stretch,
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51. Between Saco and the Dugiuma area the river is incised in drift material
that apparently covers the basement. From there to the ocean the slope decreases
and the river enters its broad flood plain., It traverses a distance of about 180
kilometers across its flood plain from Dugiuma to the ocean. In the Giamama area
the channel width varies generally from 80 to 100 meters.

52. Near Beled Amin, about 12 kilometers north of Giamama, the Shebelle River
joins the Juba when the flow is exceptionally high.

River Flow

53. Though the flow of the Juba River is twice that of the Shebelle River,

it is similar to the Shebelle in the torrential nature of its flow, which ranges

from over 800 to less than 10 cumecs. Furthermore the flow patterns are similar,

with high flows of short duration occurring in April to May, and for a longer dura-
tion from August to December, Peaks are irregular in magnitude and the highest flows
may occur in either period. The irregular nature of the flow is well illustrated

in Figure 13g,h,i. 1In the years 1961 and 1962 a distinct peak of short duration occur-
red in May and was followed by higher peaks in the more prolonged August to December
period, whereas in 1963 the earlier peak was higher although of short duration. 1In
1964 the earlier peak was hardly noticeable and seems to be part of a general increase
in flow that culminated in a peak at the end of October.

54, Regular changes in flow along the course of the river are illustrated in
Table 9. It is possible to understand the reasons for these changes more clearly
when they are compared with total flows shown in Table 8 and Figures 13g,h,i, and
15d,e, and with rainfall data.

55. In the section from Lugh Ganana to Bardera, the losses in May and in the
period from August to November coincide with high river flows. They must be a result
of overbank spillage, much of which probably infiltrates the ground as bank storage to
re-appear in the river at a later time, The gains in June and July and from Decem=-
ber to March, in the lower flow periods, represent a contribution from ground watert,
some of which will be bank storage returning to the river. In each period the gains
decrease progressively as the bank storage is depleted and as the ground-water head
decreases. The sharp increase in gains in April probably is caused by run-off as a
result of the April rains, The effect of run-off caused by rains in October and
November is overshadowed by the high flecws and the channel losses in that period.

56. From Bardera to Kaitoi the flow pattern is more complicated because of
changes in the terrain over which the river flows. TFrom Bardera to Saco, it flows
over limestones and gains from groundwater can be expected, whereas from Saco to
Dugiuma the river crosses the drift covered basement and expected changes would be
due to evaporation losses and gains from local run-off. The remaining reach, from
Dugiuma to Kaitoi, is over the flood plain, and losses Dy infiltration and overbank
spillage can be expected. The changes in flow shown in Table 9, indicate substante
ial gains in the periods May to June and September to December, corresponding to
periods of high river flow and high rainfall. They also correspond to the main losses
upstream but lag behind by about one month, at least in the latter period. They
probably are caused by a re-entry of flood water that infiltrated the higher ground
upstream and by local run-off. During periods of low flow the only gains are in
January and March. Throughout the rest of the low flow period they are more than
offset by infiltration losses,

57. From Kaitoi to Giamama,steady losses due to infiltration, evaporation and

use take place throughout the entire year. They increase sharply in October and
continue at a high level in November when the river stage is highest and overbank
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spillage takes place. This condition probably continues as far as the ocean,

58. Monthly flow frequencies expressed as the percentage of times that the
monthly flow values are equalled or surpassed at the various stations are shown in
Figures 16g,h,1i,].

Water Quality

59 The water of the Juba River generally contains less dissolved solids than
that of the Shebelle, but like the Shebelle the chemical quality varies throughout

the year and periods of higher salinity can be correlated with periods of rainfall.
Figure'17d. The increase in specific conductivity at Lugh Ganana during December

1964 does not correlate with local precipitation but it may have been due to a rain
storm upstream. There is a steady increase in specific conductance during the
January to March dry seasons both at Lugh Ganana and Bardera, This probably is caused
by an inflow of more saline ground water, which is more significant during the low
flow period,

60. Variations in the chloride content correlate with the specifiec conductance.
The highest value was 330 parts per million, recorded at Lugh Ganana in December 1964,
but values generally are less than 100 parts per million. (See Appendix 2)

61. Unlike the Shebelle River, the sulphates in the Juba River water are low,
being less than 100 parts per million. Analyses were not made for the complete range
of flows but a slight increase in sulphates coincides with an increase in specific
conductance at Bardera during March 1964,
62. Sediment concentrations were determined during 1965 only. They are listed
in Table 10.

HYDROMETRIC DATA

Water Levels

63. The first field work done in the hydrology section was the establishment
of permanent staff gauges and stilling wells equipped with water level recorders,
The only water level data to be found was for Lugh Ganana and Belet Uen for the per-
iods 1951 to 1962 but with much data missing.

64. Cauge readers were appointed and daily observations started in April 1963.
Water level recorders started functioning a few months later and have contrived un-
interrupted since. The graphs frequently helped in checking the monthly records
and clarified quéstionable values. When the river stage varied rapidly graphs were
used to compute daily mean values.

65. When levelling circuits were balanced and the elevations of reference Bench
Marks were determined, the zero of all staff-gauges was tied to the general network.
This made it possible to express all water level figures in meters above sea level,
which made them directly available for any design work.

66. Synthetic hydrographs were computed for the period 1951 to 1962 by correla-
tion with the stage relations of 1963 and 1964, Comparison between correlated and
observed monthly flows in 1963 and 1964 gave an average accuracy of five per cent.

It was assumed that no significant inflow entered from side catchment basins and no
alteration took place in the river bed or in local agricultural consumption, In the
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lower sections of the rivers, particularly the Juba River, inflow arising from local
rains can be of importance but this factor'is not as important upstream. In addition
overbank spillage returns to the river in places.

67. The graphical method of Blanchet was used to determine time lags.

68. The water level frequency curves (Figures 18a,b,c,d, e.) show the percent-
age of time during the period 1951 to 1964 that water levels were equalled or sur-
pase~d on a weekly basis. The percentages shown are 10, 25, 50, 75 and 90 per cent.
The accuracy is limited by the short 13 year period of records during which time
(1961) an exceptional flood took place, Consequently, values are inadequate for
design purposes.

River Flow

69. Table 11 gives the main features at the river gauging stations. Detailed
descriptions of the Bench Marks are to be found in the Survey Department files.

70. After more than a year of continuous flow measurements, it was p0551b1e

to draw the stage-discharge relation curves with acceptable accuracy, (Flgures 17a,
b,c,d.) Extremely high stages occurred in April 1963 but the metering campaign

started effectively a few weeks later. These conditions were not found afterwards,

but fairly high flows were measured at the end of 1963 and in 1964. All stations along
the two rivers, with the exception of Lugh Ganana and Bardera, have a stable control
section for the entire range of water levels; the river bed does not indicate major
alterations from year to year. They follow the general rule of rivers flowing in their
alluvial bed, carrying heavy sediment concentrations, that is to say, alternatively
scouring and filling, by approximately the same amount. The maximum theoretical dis-
charges were computed by extrapolation of mean velocity and area curves; however, a
sudden shifting of the control occurred for values higher than normal peaks. As a
result the roughness coefficient and water surface slope method was used to extrapolate
the theoretical discharge. Unfortunately, no water levels of importance were obtain-
ed and results are meaningless. The only solution left was to extrapolate mean vel-
ocity curves and assume a flattening of the water surface slope for extremely high
stages.

71. Stage-discharge nomograms (Figure 19) and curves (Figures 20a to i) repre-
sent all the flow measurements for the period 1963 - 1965.

72. Values were compared with data taken from an old report (1925) where cross-
section and velocities were given. It was concluded, after relating the elevations
to the project reference datum, that the river bed showed no important modification.

73. Discharge hydrographs (1951 - 1962) (Figures 13 a to i) are derived from
the computed water levels using Lugh Ganana and Belet Uen stations as references.
During the period 1963 - 1965, direct observations were taken without interruption.

74. Figures 2la,b,c, and d represent the relative discharges at different sta-
tions along the two rivers. The highest values on the respective curves indicate

- the maximum channel capacity of the stretch of river between the two stations consid-
ered.

75. Table 4, gives the approximate time-lags along the Shebelle River.
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TABLE 4

DISCHARGE TIME-LAG <« SHEBELLE

UPSTREAM DISCHARGE DOWNSTREAM APPROX, TIME-LAG

STATION CUMECS STATION IN DAYS
Belet Uen 225 Bulo Burti 5

" n 200 " 1 4

" " 150 " " 2

nooon 125 & below " : 1

" " 150 Mahaddei Uen 2

" " 160 & below " " 1

Between Mahaddei Uen and downstream stations, delays are one day or less, Along the

Juba River, the time lag is generally 2 days from Lugh Ganana to Bardera and 7 days
to Giamama for all median values.

76. Discharge frequencies are given in terms of values equalled or surpassed,
as percentages of time, during a given period. Figures 22 a,b,c,d, and e represent
monthly flows in 5 day period values, for 10-25-50-75 and 90 per cent occurrences,
and Figure 14 show the annual dry season at Johar during a period of 25 years.

77. Figure 23 shows the computed recession curves, the coefficient at the sta-
tion and the total amount of water that was flowing during this period in hectare-
meters,

78. The recession coefficients computed for the two years 1964 - 1965 show no
difference; therefore, only one curve is included for the stations concerned. The
coefficient "a" is derived by expressing the depletion part of the discharge hydro-
graph as an exponential function:

q =q, e - a(t-to)

Where q,, t, are discharge and time elapsed at the origin,

t, = 0

q and t = values of discharge and time after a given number of days.
79. Along the Shebelle, values for "a" vary from 0.035 to 0.060; along the Juba
River, from 0.035 to 0.045. The computed coefficients indicate that the water enter-

ing the rivers flows through soils of similar permeability and for similar distances.
The period of recession (100 days) is directly tied to the rainfall pattern in the
higher reaches,
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Suspended Load:

80. In Table 10 sediment concentrations in the two rivers are listed, At the
present time values do not cover the entire stage on the Shebelle, except at two
stations where only extra values are available (Afgoi and Audegle). Along the Juba,
concentrations may vary from a minimum of 30 to a maximum of 5000 grams per cubic
meter at Giamama as compared to extremes of 100 and 14,500 grams per cubic meter at
Afgoi on the Shebelle.

81 The granulometric curves of the sediments do not cover entirely the grain
sizes because the only sieves available had openings from 0,074 mm to 0.420 mm. In
periods of high flows, when the carrying capacity is increased, up to 80 per cent of
the grains would remain on the 0.420 mm sieve. This preliminary information makes it
possible to fix the limits of the concentration values to be found, More samples,
"will be needed to construct a discharge-sediment curves to evaluate the rate of silta-
tion in the lower reaches of the rivers., Curves on the analysis of sediment samples
are shown in Figures 24 a,b,c,d,e.

Specific Conductance

82. Chemical analyses of samples taken from both rivers are listed in Appendix
2 at the end of this Volume,

83. In Figures 25 a,b,c,d,e, specific conductance is plotted against discharge.
The points are scattered but show a general decrease in specific conductance with
an increase in filow,

84, The conductivity-discharge hydrographs, Figuresl7 a to d also contain pre-
cipitation data. These indicate a more direct relationship between precipitation
and conductivity. The highest values generally are found after a prolonged dry per-
iod when the first rains flush from the dried surface the river salts accumulated
during evaporation.
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DRAINAGE AREA IN 1000 Kms?
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DRAINAGE AREA vs LENGTH OF COURSE
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ALTITUDE IN metres
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AREA ELEVATION CURVE
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DIAGRAM SHOWING
LOW-FLOW PERIOD OF THE SHEBELLE RIVER

AT JOHAR
YEAR sePT | ocT [ nov | pEc | uan | FeEB | maR | aPr | may T gune] oury | aue

1925 - 1926

1926 - 1327

927 - 1528

1928 - 1929 |
1929 - 1930

1930 - 1931

1931 - 1932 ﬁ
1932 - 1933

1933 - 1934

1934= 1935
1535 -1936

1936 - 1937

937 - 1938

1938 = 1939

1939 - 1940

1940 - 941
1947 - 1942
1942 - 1943

1943 - 1944 i
1944 -1945

1945 - 1946

1946 - 1947

1947 - 1948 I
1548 - 1949

1549 = 1950 !

1950 - 1951
1951 - 1952
1982 - 1953

1953 - 1954 1
[554= 1955

1955 - 1956

1956 - 1957

1957 - {958

1958 - 1959

1959 - 1960

1860~ 1961

561 - 1962

1962 - 1963 : 1

NOTE: LOW-FLOW MEANS BELOW 10 cumecs

Vol. | Fig. 10 — Vol. Il Fig. 14
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